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Abstract Heat transfer characteristics of nanofluids are improved by increasing the
mass flow and inlet temperature. This article is intended to study the rate of transfer
heat of nanofluids by counter flow conditions using forced convection mode. A two-
step method was used to finalise the alumina nanoparticles. In this experimental
analysis as the size of the particle decreases, the rate of heat transfer increases. In
this experimental analysis, nanoparticles with a diameter size of 30 nm were used.
Distilled water was used as the base fluid to prepare the nanofluids of alumina with
different volume concentrations (0.14,0.28, 0.4 and 0.52%). The experimental results
show better thermophysical properties of nanofluid, and also Reynolds number and
Prandtl number have been calculated.
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1 Introduction

The heat exchanger is a component that uses thermal energy to control the temper-
ature of a substance or system. It can be classified as either a direct contact or
indirect contact device. Pandey et al. [1] have studied that the Reynolds number
for a hydraulic diameter of 750-3200 is varied by the flow rates of air and water.
The data are presented in an experimental analysis. Singh and Ghosh et al. [2]. In
experimental analysis numerical and experimentation results were analysed and got
that the two results are in good agreement. And the results showed an improvement
of approximately 13% in thermal conductivity and 14% in heat transfer rate, and
9% in efficiency in total heat transfer coefficient at the expense of heat loss and
pump power when using nanofluids. “The exergy rate were also reduced by using a
nanofluid with an optimal concentration of 1 vol%” Khanlari et al. [3]. The experi-
ments were performed under different positions to establish the influence of the use
of nanofluid. Mansoury [4] has studied the double HE tube that showed the best
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rate of heat transfer coefficient result with a maximum improvement of 60%. The
use of the nanofluid denoted the lowest penalty at pressure losses with a maximum
improvement of 27% for the HE plate, while the highest penalty was observed at
pressure losses with a maximum improvement of 85% in HE with double tube and
calendar. Barzegarian et al. [5]. The heat transfer assessment revealed that the addi-
tion of nanofluids to the mix increases the Nusselt numbers by almost 30%. It also
showed a significant increase in heat transfer coefficient due to the volume fraction.
The heat transfer result demonstrates the application of nanofluids as compared to
base fluids which leads to an increase in Nusselt numbers up to 9.7, 20.9 and 29.8%
at 0.03, respectively, 14 and 0.3% by volume, respectively”. Since it was found
that the volume fraction of said nanoparticles, the total heat transfer coefficient of
the heat exchanger increased by about “5.4, 10.3 and 19.1%, respectively”. Choi
et al. [6] have found a new class of fluid that can be designed using the principle
of suspending metal nanoparticles in a conventional heat transfer fluid. Pak et al.
[7]. In this experiment, a circular tube has been studied. Measurements of viscosity
were also carried out by using a viscometer of Brookfield rotary. The viscosity of
liquids dispersed with particles of Al;O3; and TiO, at a concentration of 10% by
volume is about 200 and 3 times that of water. Xuan et al. [8]. It is observed that
the heat transfer rate enhance by nanoparticles which increases nanofluid increases
the thermal conductivity and induces heat dispersion of the flow, it is an new way to
improve heat transfer. Passman et al. [9]. “In this study, an attempt was made for a
nanofluid consisting of water and a volume concentration of 1% Al,Os/water. Al,O3
nanoparticle with a diameter size of 50 nm was used, and it was found that the rate
of heat transfer coefficient and the heat transfer coefficient of the nanofluid were
slightly higher than that of the base liquid at the same mass velocity and at the same
inner temperature”.

2  Word Methodology

The experimental study proposes nanofluid’s heat transfer rate in plate-type heat
exchanger (PHE). A sequence of steps for this work is shown below (Fig. 1).

—

Fig.1 .
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Fig. 2 Ultrasonic cleaner

Table 1 Properties of basic liquids and nanoparticles at atmospheric temperature 27 °C

(p) (kg/m®) | C, (J/kgK) | K (W/mK) | Viscosity b | A (m?/s) Prandtl no.
(kg/ms) (Pr)
Water | 1000 4200 0.65 838.2 x 0.147 x 10° |58
10°°
ALO3 |2925 745 45

2.1 Preparation of Nanofluids

Alumina is a mixture of aluminium and oxygen. Preparation of nanofluid plays a very
important role. Nanofluids were prepared by using commercially available alumina
of approximate 30 nm diameter with the base fluid being distilled water. The Nano
alumina powder is dispersed in 1,000 common basic liquids such as water at different
volume concentrations of 2, 3, 4 and 5% using an ultrasonicator that is available in
the nanotechnology lab (Fig. 2 and Table 1).

2.2 Experimental Setup

The counter flow heat exchangers are made up of mild steel. In this work is included
a photograph of the experimental setup fabricated to find out the characteristics of
different flow rates at different fluid volume concentrations. It includes a hot water
and coolant loop and measuring system. The main components of the setup are
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Fig. 3 Setup

numbered in schematics. It includes a water tank containing a heater, pump and the
flow rate and temperature measuring instruments. Pump flow rate is 0.4 kg/s and
surface area (A) of the heat exchanger is 0.3 m? (Fig. 3).

Nanofluids thermophysical properties

Experimentally, thermophysical properties of nanofluids were measured. The
viscosity of nanofluid is measured by viscometer at room temperature and thermal
conductivity by K-type thermocouple, and specific heat by measuring thermal
instruments.

3 Heat Transfer Rate and Nanofluid Properties’ Evaluation

3.1 Heat Transfer Rate

Nanofluid density by Pak and Cho [9] relations is

ot = (1 — @) pot + @pop (D

where Nanofluid density is pu¢, ¢ is the nanoparticle volume concentration, and base
liquid p;, is nanoparticles density.
Specific heat of nanofluid from Xuan [10] is

(pCp) e = (1= 0)(0Cp); +0(0Cy), 2
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where Nanofluid specific heat is (Cp)nr and (Cp), is Nanoparticle specific heat and
(Cpr) is heat capacity of the base fluid.
The heat transfer rate is

0 = m(Cy), AT G)

where heat transfer rate is Q and m is the mass flow rate of nanofluid flow, temperature
difference of cooling fluid is AT.

The logarithmic mean temperature difference (LMTD) is determined according
to the following relationship:

AT]m = [(Tbi - Tno) - (Tbo - Tni)/ln(Tbi - Tno/Tbo - Tni)] (4)

When the logarithmic mean temperature difference (LMTD) is AT, T and T'y,
are inlet and outlet temperatures of the base liquid, where 7', T, are nanofluid inlet
temperature and outlet temperature.

The heat transfer coefficient is determined according to the relation given below.

In this relationship, the total heat transfer coefficient is U and the surface area of
the heat exchanger is As.
Nanofluids thermal conductivity from Choi and Yu [8] relation is

Ko = Ko * (Kp + 2Kef) — 20(Kor — Kp)/Kp + 2Kor + ¢(Kog + Kp)  (6)

where the thermal conductivity of the nanofluid is K¢, and thermal conductivity of
the nanoparticle is K, and thermal conductivity of the base fluid is K.

Drew and Passman [11] proposed an equation to calculate nanofluid viscosity as
follows:

Mot = (1 4 2.5) tos @)

where (¢ is the viscosity of the nanofluid and s is for base fluid.

To assess the accuracy of the measurement, the test was performed on distilled
water, before checking the characteristics of heat transfer of different volume concen-
trations of Al,Os/water. From the experimental system, the measured values are
the inner and outer temperatures of the inlet of distilled water and the different
concentrations of the nanofluid as well as for hot water at different flow rates.

“Friction factor (f) calculated by using the Gnielinski equation for base fluid and
Duangthongsuk and Wongwises relation for nanofluid is as follows™:

f =1[1.58InRe —3.82] 2 (8)
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Table 2 The result for base

. L. Counter flow condition
fluid and nanofluids in

counter flow conditions LMTD Y Y
Water 52.5 247.23 3761.12
0.14% 45 423.12 6104
0.28% 47 468.24 6427.98
0.4% 42 678.18 8121
0.52% 38 895.00 8665.89

This equation indicates to find out the friction factor, where f denotes the friction
factor and Re denotes the Reynolds number.
Find the Reynolds number and Prandtl number by using the relation

Re =pVD/u 9

Pr = u/pa (10)
In this relation, velocity is V, diameter is D and viscosity is p of the nanofluid

and o denotes thermal diffusivity of fluid.
And we calculated thermal diffusivity and the Peclet number by using the equation

o = [K/pC,] (11)

and
Peclet number (Pe) = [V D/«a] (12)
For finding the Nusselt number (Table 2),

Nu = [(0.125 f)(Re — 1000)Pr/1 + 12.7(0.125 f)* (Pr** — 1) for base fluid
(13)

Nu = [0.074Re*""Pr?3%3¢%07#] for nanofluid. (14)

4 Result and Discussion

Heat was measured from the experimental analysis. In this experiment, first we
calculated the values of heat transfer characteristics for pure water and then calculated
the values of Al,Os/water at the same mass flow rate and inlet and outlet temperatures
at the same values. In this experiment, the nanofluid concentrations are 0.14, 0.28, 0.4
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and 0.52% and then applied for the heat exchanger and calculated the heat transfer
characteristics for counter flow conditions. In the counter flow conditions, the highest
rate observed for 0.52% volume percentage is 8665.89 W. And as the Nusselt number
increases, the Prandtl number also increases (Figs. 4 and 5).
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Fig. 4 The relation between friction factor and Reynolds number
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Fig. 5 Relation between Prandtl and Nusselt numbers
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5 Conclusion

The rate of heat transfer on counter flow plate-type heat exchanger by using Al,O3
nanofluid has been investigated experimentally. And heat transfer rate, Reynolds
number, Prandtl number, friction factor and overall heat transfer coefficient were
measured for counter flow conditions. Important results were measured in this
experiment as follows:

1. The heat transfer rate of the nanofluid increases as the volumetric concentration
of the nanofluid increases.

2. Reynolds number increases with decreasing friction factor for nanofluid.

3. In counter flow conditions, the rate of heat transfer is more for 0.52%, and
volume concentrations of nanofluids is 8665.89 W. The total heat transfer rate
of nanofluids is more than 2 times that of the base liquid.

4. The stability of nanofluid for 30 nm size is incipient.
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