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In this paper analytically investigated the effects of water—Al203 nanofluid on the entropy
generation through a coiled tube heat exchanger under uniform wall temperature condition
in laminar regime. Nanofluid thermo-physical properties are obtained from literature or
calculated from suitable correlations. It is found that adding nanoparticles improves the
thermal performance of water-Al203 flow and with increasing volume constriction of
entropy generation at fixed Reynolds number,

increasing O , entropy generation decreases, also with increasing 7 , total entropy generation

decreases. By

Entropy generation,
Coiled tube, I
Aminar flow.

Introduction

Nanotechnology has been widely used in industry since
materials with sizes of nanometers possess unique physical and
chemical properties. Nano-scale particle added fluids are called
as nanofluid which is firstly utilized by Choi [1]. Masuda et al.
[2] showed that the thermal conductivity and the viscosity of
liquids are altered dramatically by dispersing ultra-fine particles
of c-aluminum oxide (Al203), silicon dioxide (SiO2) and
titanium dioxide (TiO2). Subsequently, this finding was
conclusively established from experiments of other researchers;
Nanofluids have valuable applications in the area of heating
buildings through the hydronic coils, cooling automotive
engines through the radiators and in heat exchangers in all types
of industries. In all these applications the fluid flow is generally
in the turbulent regime, because higher heat transfer is achieved
through the turbulent flow.

Xuan [3] and Xuan and Li [4] investigated experimentally
the convective heat transfer and flow characteristics for Cu-
water nanofluid flowing through a straight tube with a constant
heat flux under laminar and turbulent flow conditions. Cu
nanoparticles with diameters below 100 nm were used in their
study. The results of the experiment showed that the suspended
nanoparticle sremarkably enhanced the heat transfer
performance of the conventional base fluid and their friction
factor coincided well with that of the water. Furthermore, they
also proposed the new convective heat transfer correlations for
prediction of the heat transfer coefficients of the nanofluid for
both laminar and turbulent flow conditions. Pak and Cho [5]
conducted experiments to determine the heat transfer coefficient
in pipe flow and viscosity for water-Al203 and water-TiO2
nanofluids. Their findings were that Nusselt number correlations
tended to increase with increasing particle concentration and
Reynolds number. However, the nanofluids tested had lower
Nusselt numbers than water at equal velocity conditions.
Viscosity for the tested nanofluids were substantially higher than
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that for water. Temperatures were not reported for the Nusselt
number and heat transfer coefficient experiments.

Entropy generation minimization (EGM) is the method of
modeling and optimization of the devices accounting for both
heat transfer and fluid flow irreversibilities. For example Ko and
Ting [6] have applied this concept to find the most appropriate
flow conditions of a fully developed, laminar forced convection
flow through a helical coil tube for which entropy generation is
minimized. The method of EGM was originally applied to a
straight tube with smooth surface in a pioneering work by Bejan
[7]. The work by Shokouhmand and Salimpour [8-9] also deals
with entropy generation analysis of fully developed laminar
forced convection in a helical tube with uniform wall
temperature.

The present paper reports an analytical study of effect of
nanofluid on entropy generation in laminar flow. The entropy
generation of water-AL203 nanofluid flow through a coiled
tube under constant temperature condition is analytically
investigated. Nanofluid flow is studied in laminar regime and
nanoparticles volume concentration up to 4% is considered.
geometry of coiled tube heat exchanger. A coiled tube has been

shown in Fig. 1. In this figure, d /2 is inner radius of the tube
and D/ 2is curvature radius of the coil, and b is the coil pitch.
The curvature ratio, 5, is defined as the coil-to-tube radius
ratioob, d/D. The other three important dimensionless
parameters Reynolds  number (Re),  Nusselt

number (NU) , and Dean number (Dn) are defined as follow.
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Where, U and h are average velocity and convective heat
transfer coefficient respectively.
Entropy generation analysis

Taking the coil passage of length dX as the
thermodynamic system, the first and second laws can be
expressed as

ask = n&ds—gl @)

gen
w

Where é@‘: m&C,, dT is heat transfer rate to the fluid flowing
in this system. For an incompressible fluid we have
Tds=C,dT —vdP (3)

Substituting ds from Eq. 3 into Eq. 2, d¥X_ can be written as

gen
_ (4)
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Pressure drop in Eqg. 4 is given in the following equation.
ap = — Y7 gy ()

2d
The bulk temperature variation of fluid along a duct is given as
_ 4h (6)
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Integrating Eq. 4 along the duct, total entropy generation is

obtained as
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The non-dimensional entropy generation number NS can be
defined as

NS — SggLen — SggLen (8)
AT  msC,

In these equations some parameters can be made dimensionless
as follows
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For analyzing entropy generation, variation of NU and f
with various parameters of flow and geometry of tube shall be
known. For this purpose, the proposed correlations by Manlapaz
and Churchill [10] are used as follow
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where, values of m are 2, 1, and 0 for Dn{20, 20{ Dn (40

and Dn) 40, respectively.

Thermophysical Properties Of Nanofluid

Assuming small temperature variations the thermophysical
properties (density, specific heat, viscosity and thermal
conductivity) of the nanofluid may be calculated as a function of

nanoparticle volume concentration (@), base fluid and

nanoparticles properties. Using the general formula for the
mixtures, the following equation can be obtained to evaluate the
density of nanofluid:

Lot = (1—8) pys +¢Pp (19)
Where indices “‘p”, “‘bf” and ‘‘nf” refer to particle, base
fluid, and nanofluid respectively. As mentioned in Buongiorno

[11], assuming that the nanoparticles and the base fluid are in
thermal equilibrium, the nanofluid specific heat is derived from:
Cpy =(@-9)Cpy +4Cp, (20)

These equations, which are based on the physical principle

of the mixture rules, have been found appropriate for use with
nanofluids through experimental validation by Pak and Cho [5]
and Xuan and Roetzel [12].
Viscosity and thermal conductivity of water-Al203 nanofluid
are evaluated by the model developed by Maiga et al. [13] based
on experimental works of Masuda et al. [2], Lee et al. [14] and
Choi et al. [15]. For water-Al203it was proposed:

Hor = (123¢° +7.3¢+1) 11, (21)

k., =(4.97¢% +2.72¢+1)k,, (22)

In these equations it is assumed that the temperature
variation is smaller than 10° The true effect of augmentation
technique (such as adding nanoparticles) on the thermodynamic
performance can be evaluated by comparing the irreversibility of
the heat exchanger apparatus before and after the

implementation of the augmentation technique. To this end the
augmentation entropy generation number is defined:

N (23)
NS,a = N
S,0
Where N 5.0 represent the degree of irreversibility when the

fluid is distilled water (¢ =0). According to Eq. (23) adding
nanoparticle is thermodynamically advantageous when
N , values are less than 1.
Results and Discussion

Fig. 2 displays the entropy generation number of water-

AI203 nanofluid versus R€ | in different volume concentrations.
It is found that by increasing Re number the entropy generation
number decreases, so the entropy generation decreases by
increasing nanoparticle volume concentration at fixed Reynolds.

In Fig. 3, augmentation entropy generation number is plotted

versus volume concentration of nanoparticles for different Re
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numbers. It is shown that the augmentation entropy generation
number declines linearly at fixed Reynolds number.
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Fig. 2. Dimensionless entropy generation number versus
Reynolds number
Fig. 4 illustrates the entropy generation number versus O
number where nanoparticle volume concentration ranges from

0% to 4%. It can be seen that Ns decrease with the increase of

O for pure water and declines by increasing the volume
concentration of nanoparticles.
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Fig. 3. Augmentation Entropy generation number versus
volume concentration
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Fig. 4. Dimensionless entropy generation number versus 9

Variation of entropy generation with 7 shown in Fig. 5 for
water-Al203 for constanto . It is shown that the entropy

generation increases by 7 and also adding nanoparticles in
constant 7 decreases.
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Fig. 5. Dimensionless entropy generation number versus
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Conclusion

In this study, entropy generation of the nanofluids flow
through a coiled tube heat exchanger under constant wall
temperature is investigated. From this study some conclusions
can be drawn as follow:
As Reynolds number is increased total entropy generation is
decreases an also with adding nanoparticles at fixed Reynolds
number, total entropy generation decreases.
When dimensionless temperature 7 increases, total entropy

generation increases and with increasing O, total entropy
generation in every volume constriction, decreases.
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