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Abstract Keywords:

In this study overall heat transfer in a double pipe heat exchanger fitted with twisted-tape elementsand ~ Nano Hybrid;
hybrid nanofluid were studied experimentally. Hybrid nanoparticles with a diameter of 20nm and a  Nanofluid;
concentration of 1% (w/w) were prepared. The effects of temperature, mass flow rate, concentration of  Thermal Efficiency;
nanoparticles on the overall heat transfer coefficient and heat transfer changes in the turbulent flow  yoq¢ Exchangers.
regime were investigated. The results showed that when both of twisted tape and nanofluid have been
used, heat transfer coefficient was about 40 percent higher than when they were not used. The
experimental results also showed that 1% AI203/CuO nanofluid with twisted tape has slightly higher
heat transfer when compared to 1% hybrid nanofluid without twisted tape. Neural networks used for
modeling the system. The dependency of overall heat transfer coefficient of nanofluid (OHTCNF) on
Reynolds number have depicted. The correlation coefficient for all data 0.98 is the successful

prediction is shown. In this experimental work, nanoparticles were dispersed in hot current and cold Article History:

water absorbed heat from hot nanofluid, so this system could be a good candidate for using in food Received: 25 July 2017
industries, because at the end of this process there isn't any needs of extracting nanoparticles from the ’
cold current. The heat transfer rate from the heating fluid was calculated by some known equations. Accepted: 12 January 2018

1- Introduction

An equipment which is used for heat transfer between two fluids in industry, is Lehigh heat exchanger. Generally,
viscos liquids like water are used in double pipe heat exchanger. Due to large heat transfer area, small footprint, well-
designed mechanics, well-known creation techniques, and high applicability of wide range of materials, these types of
heat exchangers are very common in the industry. However, there are some downsides to this equipment such as
occupying large volumes in case of high thermal load. Moreover, price to heat transfer area ratio is rather high.
Nanotechnology has been applied in these conventional heat exchanger which resulted in introducing nanofluids. (Choi
[1]). The nanofluid had better heat transfer characteristics as opposed to previous fluids such as water, oil, or ethylene
glycol. NFs are formed by dispersing solid particles, fibers, or tubes of 1 to 50nm length in conventional HT fluids.
Nanofluids possess considerable thermal characteristics including high heat transfer rate, thermal homogeneity, and low
fluctuation ability when passing through the passages. The advances in nanotechnology have resulted in the development
of a category of fluids termed nanofluids, first used by a group at the Argonne National Laboratory in America in 1995.
Aghayari et al. [2] examined dispersion of Al203 nanoparticles in liquid as a NF in turbulent flow regime for using in
a double pipe heat exchanger. They studied the effect of Reynolds number, temperature, volume fraction, and
nanoparticle source on the overall heat transfer coefficient. Their results revealed that increasing the Reynolds number
and particle concentration would lead to an increase in heat transfer coefficient.

Comparing to the base fluid, aluminium oxide NF at the concentration of 0.2 and 0.3 showed higher thermal
efficiency. For instance, the thermal efficiency for water at temperature of 50°C and constant mass flow rate equals to
1450000 while it is 1565000 and 1580000 at NF 0.2 and 0.3 of concentration, respectively. As for NF at the
concentration of 0.1, the heat transfer efficiency was approximately 1.71% higher than the thermal efficiency in the base
fluid, with the amounts of 1123123 comparing to 1103842. This increase can be due to several reasons including particle
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immigration, non-uniformity in thermal conductivity distribution, and fluid viscosity that reduces the thickness of
boundary layer and results in a delay in the boundary layer development.

Probably, Duangthongsuk and Wongwises [3] were the first who suggested the addition of solid particles in
nanometric size into a base fluid and reported enhancement of thermal conductivity compared to base fluid. Many studies
have been done in order to evaluate the heat transfer performance and flow characteristics of various nanofluids in both
the laminar and the turbulent flow regimes [4-14]. These studies have proven that introducing nanoparticles into the
base fluid would increase its thermal conductivity. This increase has a direct relationship with the nanoparticle
concentration.

Jamshidi et al. [20] studied the effect of SiO2 nanoparticles on the viscosity of base fluid experimentally. They used
base fluids among common heat transfer fluids such as ethylene glycol, transformer oil and water. Furthermore, different
volume percentages of ethylene glycol in water were used as ethylene glycol-water solution. Different volume fractions
of SiO2 nanoparticles were added to the base fluid. It was shown that the viscosity of solution increases by adding
nanoparticles. The effect of cooling and heating processes on the viscosity of nanofluid was also investigated. Based on
the obtained results, as the temperature increases the viscosity of base fluid and nanofluid decrease. It was also revealed
that there are very little differences between the viscosity of nanofluid in a specific temperature at cooling and heating
cycles. According to the experimental results, new correlations for predicting the viscosity of nanofluids was presented.
These correlations related the viscosity of nanofluid to the particle volume fraction and temperature.

Alias et al. [21] studied the properties of TiO2-Ethylene glycol nanofluids. The nanofluids was prepared using two-
step method with the aid of Polyvinylpyrrolidone (PVP) as stabilizing agent. The effect of temperature and concentration
on viscosity and thermal conductivity were studied. Nanofluids at different concentrations were evaluated over a
temperature range between 30 and 60 ‘C and the change in thermal conductivity was being recorded via a thermal
analyzer device. It was observed that introducing nanoparticles into the base fluid would enhance its thermal
conductivity. In addition, it was discovered that surface chemistry i.e. pH value, has an impact on the rheological
behavior and the characteristics of the nanofluid. Moreover, in order to measure the dynamic viscosity of the nanofluid,
a calibrated viscometer on cylindrical measurement chamber was used. The results showed that viscosity increases with
increasing nanoparticles concentration. Based on their results, as temperature increases, the kinetic energy of
nanoparticles will also increase and thus cause each nanoparticle to collide with higher frequency. This, in turn, reduces
the attraction force among the nanoparticles and prevents the agglomerations.

Hemmat Esfe et al. [22] have designed an artificial neural network (ANN) to predict thermal conductivity and the
dynamic viscosity of ferromagnetic nanofluids using experimental data. These input data include temperature, particles
diameter, and solid volume fraction. The have used experimental as learning dataset in order to train the neural network.
The authors have used an iteration method to find the right architecture. Their results have shown that there was no over-
fitting in the designed neural network, hence it was able to track the data. The output from their ANN have indicated
that the maximum errors in the prediction of thermal conductivity and dynamic viscosity were 2 percent and 2.5 percent,
respectively. They also presented two sets of correlations for predicting the thermal conductivity and dynamic viscosity
according to the ANN outputs. Their correlations were in an excellent agreement with the experimental data.

2- Preparation and Characterization of Hybrid Nanofluid

The nanofluid used in the experiment was 99.0+% hybrid nanofluids pre-dispersed in water, with an average particle
size of 20 nm. The nanofluid was mixed with deionized water. To prepare experimental concentrations, nanofluids with
the nanoparticles concentration lower than 3% (w/w) were able to remain stable over a week, so intermediate mixing
was not necessary.

The concentration of Al203-CuO nano-particles in nanofluid samples varied 1%(w/w). NF samples were then mixed
by ultra-sonic method for 3 to 4 hours.

3- Experimental Setup

Figure 1 shows the experimental apparatus which was used to investigate the heat transfer characteristics of
nanofluid. Overall, this system consists of several main parts such as test section, fluid tanks, heating and cooling
systems, thermometer, flow meter, rotameter, pressure gauges, and data logger. Two rotary pumps were used to pump
the working fluid through the lines. The test section consisted of a 1.2 m length double pipe heat exchanger with counter
flow path in a way that the working flow was being pumped inside the tube and water was being directed into the
annulus. The inside tube was 6 mm in inside diameter and 8 mm in outside diameter and it was made by a soft steel.
The outer tube dimensions were as follows: 14 mm in inside diameter and 16 mm in outside diameter. Also, it was made
by steel. The twisted tapes with tape thickness (d), width (W), and length (L) of 1 mm, 5 mm, and 120 cm, respectively,
were made of copper sheets. Thin tape thickness was selected in order to avoid additional friction that might happen in
the case of thicker tapes. The typical twists changed by altering the twist ratio to 5 and 3 in order to produce the modified
twisted tape.
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Figure 1. Experimental setup.

4- Data Reduction

In the present study, the nanoparticles dispersed in water with concentrations were use. During the test, cold water
absorbed heat from hot nanofluid. The heat transfer rate from the heating fluid was calculated from the following
equation:

Pnanofluid = (1 - (p)pb + (ppnp (1)
Chanofluid = (1 - (p)cb + ¢Cnp (2)

Timofeeva et al. [15] suggested the effective medium theory to calculate thermal conductivity:

Kpanofiuia = (1 + 3¢@)ky, (3)

The Wasp model [16] predicts results similar to those of Hamilton— Crosser under spherical particles.

Knp + 2kp_26(kp — Kpp) y
knp + 2kb+(p(kb - knp

b (4)

Knanofiuia =

_ Ky
K
1+ 2(p K—np
2p > +1
np
Khanofluid = Kwater K, (5)

Knp

Kp
=1
Knp

1-¢

Brinkman [17] suggested an equation for calculating the viscosity of the suspension, which is defined as follows:

1
Hnanoftuid = (77— 375 M (6)
Mnanofluid = (1 + 2-5(P) Up (7)

Batchelor [18] introduced a correlation for calculating the viscosity of nanofluids with spherical shape nanoparticles,
which is defined as:
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Moe = (1 +2.5¢ + 6.20%)p, )
an = ri‘lnfcpnf(Tout - Tin)nf (9)

Where Q,, is the heat transfer rate of the nanofluid and m,,; is the mass flow rate of the nanofluid. The heat transfer rate
into the cooling water was calculated from the following equation:

Qw = mw pr (Tout - Tin)w (10)

In this study, the supplied heat by the hot nanofluid was found to be 3% higher than the received heat. This deviation
can be interpreted by convection and radiation heat loss along the test section. The average heat transfer rate is:

Qave = w (11)

The average value of experimental heat transfer coefficient and mean Nusselt number of the nanofluid are calculated
as the following:

ane
h == 12
n Twall _Tb,nf ( )
h, <D
f
Nuy; = ;nf (13)

Where T4, is the mean wall surface temperatures measured by 4 stations lined between the inlet and outlet of the test
tube.

— T,
Twan = Vgall (14)

Where T, 4; is the local wall temperature.

Ty ne is mean bulk nanofluid temperature:

Tin + Tlout

bnf = > (15)

The flow regime can be defined from Reynolds number based on the flow rate at the inlet of the test tube. For purely
viscous non-Newtonian fluid, the Reynolds number is defined as follows:

_ Pup¥ng" " (16)

Re ——

Where v,,is the mean velocity of the nanofluid and d; is the diameter of the tube. Friction factor can be calculated from
the following equation:

_ Apnf
(/g )Pui(Vai*/2)

Where f,, ¢ is the friction factor of the nanofluid, AP, is the measured pressure drop of the nanofluid and L is the length

17

nf

of the tube.

The Prandtl number and Peclet number of the nanofluid can be calculated from the following equations:

my*~1C
Pry = my “Pnf (18)
an
Vyed
Pey; = —— (19)

nf
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Where d,, is the diameter of the nanoparticles and ay is the thermal diffusivity of the nanofluid.

The performance evaluation analysis (1) is defined as the enhanced convective heat transfer coefficient (hg) to the
non-enhanced one (hyg) at the same pumping power.

hyg

~ hyg

n (20)

This parameter is relevant to the operational cost and energy saving.

Xuan and Li correlation is used to predict the heat transfer performance of nanofluids flowing in the turbulent flow
regime:

Nunp = 0.0059(1 + 7.628 6% Pe, "1 )Re)22* Pr2* (21)

To compare friction factor Blasius correlation [19] for water and Duangthongsuk and Wongwises correlation [9] for
nanofluid were employed:

Blasius correlation:
f = 0.316Re 025 (22)
Duangthongsuk and Wongwises correlation:

fnf — 0.961({)0'052R€;]9'375 (21)

5- Artificial Neural Network

Artificial neural networks (ANNSs) are a set of models in machine learning and cognitive science which are inspired
form the biological networks and they are employed to estimate an unknown function with large number of inputs. The
key component of this method is creating new structure for processing the data in the system. The system basically
consists of very large number of neurons which are elements that operate coordinately to solve a problem and transfer
the information through a network of electromagnetic communications. When one cell is damaged in such a network,
the rest of them compensate the lack of its operation and at the same time, contribute to reconstruct it. Additionally, are
capable of learning. For instance, the system learns no to touch a hot area by burning the touch nerve cells, thus the
system find its way to modify its mistakes and errors suing the algorithm. These systems are based on adoptive learning.
On other words, employment of examples, weight of synapses is changed so that the system creates appropriate and
relatively precise answer in case of new input data. Neural network consisted of a network of simple processing elements
(neurons) which can declare a predetermined overall complex behavior of the relationships between processing elements
and element parameters. The main and the most inspiring source for this technique derived from the conducted
experiment on central nervous system and neurons (axons, dendrite and synapse) which is one of the most significant
components of Neural Information Processing Systems (NIPS). Training data are given to the network in training
algorithms and the network repeatedly updates the weights and orientations in order to conform the predicted values to
the desired values. Back Propagation-Levenberg-Marquardt learning algorithm (BP-LM) in addition to tansig transfer
function are employed in the present study. In the present study, data related to Reynolds number and concentration
were considered as input and overall heat transfer was approved as target for the neural network.

6- Discussion and Results

Using Hybrid nanofluid as the hot fluid led to an increase in heat transfer rate comparing to the base fluid which was
water. This is demonstrated in Figure 2 where the mean heat transfer rate for water was 870 Watts at 40 °C and Reynolds
number equal to 20500. While as for the nanofluid with the concentration of 1% (v/v), the heat value was 957 Watts at
the same condition. One reason for this rise in the heat value can be due to the turbulence [2]. Also, in the case of twist
tape set, the value of heat transfer rate is higher than the plain tube. This phenomenon can be justified by the strong
swirling flow which was caused by the twist tape. The tangential velocity component and the smaller flow cross-
sectional area have led to a more severe mixing between fluid in the wall region and fluid in the core region of the tube
and as a result, the heat transfer rate increased significantly. In addition the values of overall heat transfer coefficient
were higher in the case of nanofluid as compared to the base fluid in both laminar and turbulent flow regime. Various
affecting parameters such as Reynolds number for both fluids, the size of nanoparticles, the type of heat exchanger, and
nanofluid temperature can be considered as the reason for this phenomenon [2]. The dependency of overall heat transfer
coefficient of nanofluid (OHTCNF) on Reynolds number have depicted in figure 3. As it can be seen from this figure,
an increase in the Reynolds number and temperature in the nanofluid with concentration of 1% (v/v), the OHTCNF
increases. For instance, the OHTCNF value for water at Reynolds number equal to 20500 and temperature equal to

Page | 15



Emerging Science Journal | Vol. 2, No. 1

40 °C, was 2030, while this value was equal to 2233 for nanofluid with the concentration of 1% (v/v) at the same
conditions. Overall, the experimental data showed that the overall heat transfer efficiency was higher in the case of
nanofluid comparing to the base fluids, i.e. water. In the higher mass flow rates, the increase in the temperature had a
strong effect on overall heat transfer coefficient. Thus, the nanofluid operation time had also an effect on the heat transfer
coefficient on nanofluid. This is also worth mentioning that surface properties of the particles and the heat exchanger
design are important parameters and should also be considered as well.
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Figure 4. The regression graph for experimental results and prediction data for nanofluid hybrid.

According to Figure 4, the predicted values (ANN) for overall heat transfer are shown versus the values obtained by
the experimental tests (Exp.). As it is obvious, the graph's data follow the line X=Y, which this indicates that the network
is able to predict the viscosity with high accuracy. On other words, since the predicted values are identical with the
corresponding experimental values, there should be a 45-degree line function. Whatever the values are less scattered
around the line X=Y, the system has a better performance. In the science of statistics, dispersion is typically represented
by correlation coefficient. If correlation coefficient is close to one, then this indicates that the predicted values for the
model and what measured in the laboratory are the same. One of the problems occurs for neural networks with low
number of data in training is "overfitting" phenomenon in which the model cannot be generalized. Evaluation of error
for testing and accuracy data is one of the ways to recognize the overfitting. Proximity of the correlation coefficient for
this type of data shows that overfitting did not occur. Accordingly, the correlation coefficient for the data is equal to
0.98 which indicates that this phenomenon did not happen in our model. According to Figure 5, the difference between
the predicted values and experimental data are scattered around zero-axis. This means that the mean deviation is close
to zero. This results from the summation of positive and negative deviations. On other words, negative and positive
deviations would neutralize each other. Figure 5 indicates the extent of error between the experimental results and what
predicted by the neural network. This could be used to study the neural network performance index and dispersion. The
more the curve is sharp and focused, the better the neural network is in prediction.
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Figure 5. Investigation of the resulting error values between the experimental results and what predicted by the neural
network (X-axis: number of samples, Y-axis, error values).
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7- Conclusion

¢ Increasing the heat transfer and thermal efficiency depends on the increase in the fluid thermal conductivity and
the decrease in the boundary layer thickness.

o Nanofluid heat transfer and overall heat transfer increases with the concentration 1% (w/w). The decrease in the
boundary layer thickness can be attributed to the mobility of the particles near the wall, migration of the particles
towards the tube center, and decrease of the viscosity.

e The system was used for modeling neural networks .As well as data Reynolds number and concentration as input
nanoparticles overall heat transfer coefficient was chosen as a target. The correlation coefficient for all data 0.98
is the successful prediction is shown.
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