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Abstract

In this study, the entropy generation analysis of the Graphene-Iron Oxide-Water hybrid nanofluid with six different volumetric fractions
in the range of 0.5-1% in a heat exchanger tube under turbulent flow conditions was numerically investigated. The constant surface heat
flux was applied to the tube and the Reynolds number was obtained in the range of 10000-50000. The k — & RNG solver method was
selected for the turbulence method and grid independence was checked. According to the results examining the dimensionless entropy
production, entropy production showed a descending trend with the increment of hybrid nanofluid volume fraction. For the
dimensionless entropy generation number, which increased with the increasing Reynolds number, configurations above unity were
found at the volumetric fractions of 0.5, 0.6, 0.7 and 0.8 %, in addition, all values for entropy generation number with the volume
fractions of 0.9 and 1 % were realized below unity up to the Reynolds number of 40000. This result showed that the use Graphene-lron
oxide of hybrid nanofluid in heat exchangers provides great advantages in terms of thermodynamics.

Keywords: Nanofluids, Entropy generation, Heat transfer.

Grafen-Demir Oksit Hibrit Nanoakiskan1 Kullanilan Bir Is1
Degistirici Borusunun Entropi Uretim Analizi

Oz

Bu ¢alismada, tiirbiilansli akis kosullarinda bir 1s1 degistirici borusunda % 0.5-1 araliginda alt1 farkli hacimsel karigim oranina sahip
Grafen-Demir Oksit-Su hibrit nanoyakiskanin entropi iiretim analizi sayisal olarak incelenmistir. Boru tizerine sabir 1s1 akis1 sinir garti
uygulanmig ve Reynolds sayisi ¢alisma araligi 10000-50000 olarak belirlenmistir. Sayisal analizde k — ¢ RNG ¢dziim metodu segilmis
ve ag bagimsizligi ¢alismasi gergeklestirilmistir. Boyutsuz entropi iiretimini incelendigi sonuglara gore, entropi iiretimi, hibrit
nanoakigkan hacimsel karisim oraninin artmasiyla diisen bir egilim gostermistir. Artan Reynolds sayisi ile artig gdsteren boyutsuz
entropi liretim sayis1 0,5, 0,6, 0,7 ve 0,8 % hacimsel karigim oraninda birim deger lizerinde daha fazla konfigiirasyonda gerceklesirken,
0,9 ve 1 % hacimsel karisim oranlasinda entropi iiretim sayisi icin tiim degerler 40000 Reynolds sayisina kadar birim degerin altinda
gergeklesmistir. Bu sonug, hibrit nanoakigskanin Grafen-Demir oksitinin 1s1 degistiricilerde kullanilmasinin termodinamik agidan biiyiik
avantajlar sagladigini gostermistir.

Anahtar Kelimeler: Nanoakigkanlar, Entropi {iretimi, Is1 transferi.
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1. Introduction

Heat control in complex engineering systems not only
increases the efficient availability of energy, but also extends the
life of the whole of these systems or a part in the system, as well
as providing operational stabilization. Increasing the performance
of heat exchangers, one of the most frequently used engineering
systems to provide heat control in thermal systems. For this
reason, researchers carry out various studies in order to increase
the heat transfer capabilities of heat exchangers. These studies are
mostly focused on the techniques known as passive method,
which are easy to install, do not require any external energy input,
and are used in designing higher efficiency heat exchangers. In
addition to passive methods, the use of nanofluids in heat
exchangers has been rapidly increasing in recent years. It draws
attention to use fluids containing nanoparticles instead of fluids
such as water, mono ethylene glycol, propylene glycol, oil, which
are the base heat transfer fluids.

The primary goal of the application of nanoparticles in base
fluid types is to increase the average heat transfer coefficient by
adding nanoparticles with high thermal conductivity coefficient
into the fluid. In connection with this goal, removing of the extra
thermal load in the systems, increasing the cooling performance
and providing heat recovery are secondary goals. In addition to
increasing the thermal conductivity of the fluid to which they are
added, nanoparticles support turbulence by dispersing in the fluid
and contribute positively to heat transfer by increasing the flow
surface area (Ozerinc, 2010). Following the favorable results of
many studies on the mono use of nanoparticles in base fluids,
studies on the use of hybrid nanofluids have also gained
importance in recent years. It is aimed to provide a nanofluid
model considering the superior thermal and hydraulic properties,
and balance the cost caused by nanoparticles that do not have
common production but have relatively superior properties. In this
study, the Graphene nanoparticle with more extraordinary
thermophysical properties and the Iron Oxide nanoparticle with
relatively poor thermophysical properties and cost were selected,
and a more stable nanofluid model was created in terms of both
thermohydraulic performance and cost.

The hybrid nanofluids are the newest type of heat transfer
fluids that used to control the heat in thermal systems. Since the
hybrid nanofluids very up-to-date, it is very limited in studies on
the entropy generation of using the hybrid nanofluids. Ahammed
et al. (2016) carried out a study on entropy generation in a
minichannel with using Alumina-Graphene hybrid nanofluids in
a laminar flow region. It was concluded that the total entropy
generation decreased with the increment of Reynolds number and
using hybrid nanofluid approximately 20 %. Hussain et al. (2017)
conducted a numerical study on entropy generation of Al203 —
Cu/water in a horizontal channel. It was reported that the increase
in loading ratio of nanoparticle in the base fluid caused an
increment of total entropy generation. Rahimi et al. (2018) used
the SiO2-TiO2/Water-Ethylene glycol (60:40) nanofluid in a
square channel. The results showed that the total entropy
generation showed a descending trend with the increment of
nanofluid volume fraction. A similar study also carried out by
Kasaeipoor et al. (2007) on entropy generation of a cavity with
refrigerant solid body using MWCNT-MgO/water hybrid
nanofluid. The numerical results showed that the volume fraction
was one of the effective parameter on total entropy generation.
Total entropy generation showed a descending trend with
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increasing of hybrid nanofluid volume fraction. In another study,
Mehrali et al. (2017) experimentally investigated the entropy
generation of Graphene-Fe304/water hybrid nanofluid in a tube.
It was achieved that the total entropy generation reduced up to
40% with using hybrid nanofluid. In another study, Askari et al.
(2017) used Fe304/Graphene nanoparticles as a hybrid nanofluid
with 0.1, 0.2, and 1.0% weight ratios and an enhancement in the
thermal conductivity in the range of 14-32% was obtained
compared to the water. Shahsavar et al. (2017) numerically
investigated the effect of CNTs-Fe304 hybrid nanofluid on
entropy generation in a counter flow double pipe heat exchanger.
It was found that the entropy generation increased with the
increment of particle loading. In other study of Shahsavar et al.
(2018), the effect of Mn-Zn hybrid nanofluids on entropy
generation also investigated witg usin parallel plates. Bahiraei
and Heshmatian (2018) used the Graphene-Silver hybrid
nanofluids to investigate the cooling performance of electronic
processors. It was concluded that the cooling performance was
enhanced due to the unique thermophysical properties of
Graphene-Silver hybrid nanofluids. Bahiraei and Mazaheri
(2018) numerically studied the characteristics of entropy
generation of Graphene-Platinum hybrid nanofluids inside a
chaotic twisted microchannel. The results indicated that using
hybrid nanofluid enhanced the frictional entropy generation,
conversely, reduced the thermal entropy generation.

From the literature cited above, several hybrid nanofluid
types have been applied in thermal systems to investigate the
entropy generation rate. On the other hand, no study has been
presented on entropy generation analysis for a heat exchanger
tube with Graphene-Iron Oxide with various volume fractions in
turbulence flow region in the range of Reynolds number from
10000-50000. Graphene nanoparticle is the first particle used in
this study because of its high thermal conductivity (approximately
3000W / mK (Potenza, 2017)) compared to other metal oxide and
metal nanoparticles and its higher stabilization ability compared
to other nanoparticles (Manikandan, 2019). The Iron Oxide
nanoparticle, which is used as a hybrid with the Graphene
nanoparticle, is the second preferred metal-oxide nanoparticle,
since it is compatible with the Graphene nanoparticle
(Yongsheng, 2012).

2. Material and Method

2.1. Numerical method

In this study, a solution was obtained by applying finite
volume method in ANSY'S Fluent 18 for numerical analysis. The
single-phase flow condition has been defined and the k - ¢ RNG
(Re-Normalization Group) model was chosen as the turbulence
model, the SIMPLE algorithm was used to evaluate the
relationship between pressure and velocity, and the QUICK
scheme was used to evaluate convection. The convergence
criterion for continuity, velocity, energy, k and & values is
evaluated as 1x107°. The k - ¢ RNG model, which can provide
precise solutions between turbulence models, basically uses three
governing equations and these are given in Eqs. 1, 2 and 3,
respectively (Fluent, 2016).

Conservation of mass:

V(pV) =0 )
Conservation of momentum:
V(pVV) = —VP + V(uVV) 2)

Conservation of energy:
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V(pc,VT) = V(kVT) (3)

The transport equations k and ¢ for RNG solution method is
given in Egs. 4 and 5 for, respectively.

a a a ok
50 (PI) + 5= (pku) = ;(ak#eff 6—) + Gy + Gy —pe =Y + 5, “)

Xj Xj

a a a i} 2
206 + 3= (peu) = 3 (achery r) + et (Gi+ CacGp) = Cocp == Re+Sc (5)

ox;j

The boundary values for the turbulent quantities near the wall are
specified with the enhanced wall treatment method. Cy = 0.0845; Cic =
1.42; C2:=1.68; B=0.012; no = 4.38 constants in the turbulence transport
ss (Fluent, 2016).

2.2. Numerical model and boundary conditions

In this study, analyzes were made using the Computational
Fluid Dynamics method for the 3-dimensional pipe given in
Figure 1. The geometric model consists of a circular pipe
consisting of three main parts, the hydrodynamic development
section in order to develop the flow in the pipe hydrodynamically,
the test section on which constant heat flux is applied, and the exit
section to prevent the effects of back flows that will occur at the
fluid outlet.

Constant heat flux

PivH Y E N Y ¥y e

Velocity Inlet Pressure outlet
b P

= = -

Hydrodynamically Test section Exit section

development section

Figure 1. Numerical model

The numerical model given in Figure 1 is designed such that
the pipe diameter (D) is 10 mm, the development zone, test zone
and exit zone lengths are 100mm (10D), 1000mm and 50mm
(5D), respectively. A constant heat flux of 20 kW / m? was applied
on the test zone and the Reynolds number range was selected as
10000-50000 in order to ensure turbulent flow conditions and to
be suitable for the fluid velocity values used in the applications.
Graphene-Iron Oxide-Water hybrid nanofluid volume fractions
were selected as 0.5, 0.6, 0.7, 0.8, 0.9 and 1, with 50% Graphene
and 50% Iron Oxide.

2.3. Grid independence

In order to evaluate the accuracy of the results of the studies
involving numerical analysis, the grid independence for the
numerical model should be examined. In this study, the grid
structure and cell size were examined for the flow region given in
Figure 2. It was obtained that the Nusselt number was affected
less than 2% in the grid structure where the cell size was less than
0.57. Therefore, the grid model, shown in Figure 2, with a cell
size of 0.57 mm and a cell number of 1.18 million, was created
for all analyzes.

In order to provide a faster and more precise solution for the
grid structure, a polyhedra grid model was applied. The y * value,
which is a parameter that should be controlled in grid model, was
realized as y “=2 by providing the y *<5 (Salim, 2009) condition
as it should be in the boundary layer region.
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Figure 2. Grid structure

2.4. Thermophysical properties of nanofluids

The density, specific heat, thermal conductivity and dynamic
viscosity equations given by Anjali and Suriya (2016) are used for
the calculation of thermophysical properties of hybrid nanofluids
and that are given in the Egs. 6, 7, 8 and 9 respectively.

Phnf = [(1 - ¢2){(1 - ¢1)Pf + ¢1P51} + ¢2p52] 6)

(PCPYng = [(1 = d2)[(1 = d1)(PCP) s + 1(PCP)s1] + $2(PCP)s2] @)

Knnp _ Ksa+(m=1Kpp=(n-1)¢2(Kpr—Ks2)

8

be K52+(n—1)be+¢2(be—Ksz) ( )
— 1

Hhang = (1-01)25(1-9,)%5 )

The thermophysical properties of the nanoparticles and the
base fluid used in the calculation of the thermophysical properties
of hybrid nanofluids are given in Table 1.

2.4. Calculation method

After calculating the thermophysical properties of hybrid
nanofluids, these properties were defined in ANSYS Fluent 18
program and analyzes were carried out. According to the data
obtained as a result of the analysis, Reynolds number, Nusselt
number, friction factor and dimensionless entropy generation
number and the Bejan number were calculated according to the
following equations.

The Reynolds number was calculated as given in Equation
10.

(10)

In the Eq. 10 p and u respectively represent the hybrid
nanofluid density and dynamic viscosity, D diameter and V the
mean fluid velocity.

The heat transfer coefficient is calculated as given in Eq. 11,
q' represents the heat flux applied over the flow region, while AT
represents the difference between the surface temperature and the
fluid mean temperature.

h=2% (11)
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After calculating the heat transfer coefficient, the Nusselt
number was calculated as given in Eq. 12, k symbolizes the
thermal conductivity of the hybrid nanofluid.

NUZT

(12)

The friction coefficient was calculated according to Eq. 13.

AP
1 2L
2?V°p

f= (13)

AP, given in Eq. 13, represents the fluid differential pressure
at the entrance and exit of the test section, and L represents the
length of the test zone.

Entropy generation in a tube using heat transfer improvement
technique can be calculated in Eq. 14.

o 12 32-3
Shen = —— + gL (14)

aT2kNu = w2p2TD5

In the Eq. 14, T'and p bulk properties. The Eq. 14 derived for
for a straight tube and can be applied tube with nanofluids. The
first term of the equation is the contribution made by heat transfer,
while the second term is the contribution due to fluid friction:

Sécn = S,gcn,AT + S,gcn AP (15)

The entropy generation number (Ns) is defined as the
proportion of entropy generation rate by tube with nanofluid to
the entropy generation rate in smooth tube with base fluid.

N, = S’gen,n/S’gen,s (16)

Heat transfer augmentation techniques with Ny <1 are
thermodynamically advantageous, because these techniques both
enhance the heat transfer rate and reduce the degree of
irreversibility of the unit’s performance (Ventsislav, 1994).

Another dimensionless number in which entropy generation
is considered in terms of evaluating the performance of the
thermal system is known as the Bejan number (Haddad, 2004) as
given in Eq. 17 and is defined as the ratio of irreversibilities
caused by heat transfer to total irreversibility.

o!
Be _ Sgen,AT

— 17
s;en,AT"'s;en,AP ( )

The Bejan number can take values ranging from 0-1. It is
stated that the irreversibilities due to heat transfer are greater than
the irreversibilities due to total fluid friction when the Bejan
number approaches 1.

Table 1. Thermophysical properties of nanoparticle

Properties Graphene(Keklikcioglu,2020) Iron Oxide(Krishna,2017) Water
Specific heat (J/kgK) 790 104 4182
Density (kg/m®) 2250 5180 998.2
Dynamic viscosity (kg/ms) - - 1.003E-03
Thermal conductivity (W/mK) 3000 17.65 0.6

3. Results and Discussion

3.1. Validation of numerical study

In numerical studies, the results obtained according to the
variable parameters should be compared with the well konown
correlations and the validation process of the study should be
done. In this study, analysis results using only base fluid water
were compared with the Gnielinski and Blasius (Keklikcioglu,
2020) equations given in Eqs. 18 and 19 for Nusselt number and
friction factor, respectively.

Nun = (f/8)(Rep—1000)Pr
Up = To7412.7(7/8)/2(Pr2/3—1)

(18)

19

As seen in Figs. 3 and 4, both the Nusselt number and
the friction factor were compared with the well known
correlations in the literature. It was obtained that the numerical
study results at different Reynolds numbers and the values
obtained from the well known correlations coincide with each
other, and they provide approximately the same trend. The highest
deviation between the numerical results and the values obtained

f = 0.316Re™ %25
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from the correlations were 9.2% and 5.6% for the Nusselt number
and the friction factor, respectively.
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Figure 3. Validation of Nusselt number
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Figure 4. Validation of friction factor

3.2. Entropy generation analysis

Heat transfer and pressure drop analyzes can be analyzed in
heat exchangers using different fluids, but in order to examine the
actual effect of the fluid used on the thermodynamic performance
of thermal system, the entropy generation value of the system
should be compared with the value before and after the
application of enhancement technique. In this study the results for
a tube heat exchanger tube with nanofluids evaluated in terms of
entropy generation theorem.
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Figure 5. Variation of dimensionless entropy generation number
versus Reynolds number
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Figure 6. Variation of total entropy generation versus Reynolds
number
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Fig. 5 represents the entropy generation number for the
various Reynolds number for different volume fractions of
Graphene-Iron Oxide hybrid nanofluids. As in Fig. 5 entropy
generation number increase with increasing Reynolds number and
volume fraction of hybrid nanofluid. Particle loading at higher
rates increases the system performance and reduces the
dimensionless entropy generation number. Due to the frictional
irreversibility show ascending trend at higher velocity values, the
dimensionless entropy generation increases with the increment of
Reynolds number. As shown in Fig. 5, the dimensionless entropy
generation number with the volume fractions of 0.9 and 1 % were
realized below unity up to the Reynolds number of 40000. All of
the configurations were thermodynamically advantages up to the
Reynolds number of 30000 since the entropy generation number
remained under unity. The lowest entropy generation number was
achieved as 0.78 with using 1% Graphene-Iron Oxide water
nanofluid at lowest Reynolds number of 10000.
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Figure 7. Variation of thermal entropy generation versus
Reynolds number
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Figure 8. Variation of frictional entropy generation versus
Reynolds number

Fig. 6 shows the total entropy generation versus Reynolds
number for the case of using hybrid nanofluids and base fluid
water. As shown in Fig. 6, using Graphene-Iron Oxide hybrid
nanofluids in the heat exchanger tube dramatically reduces the
total entropy generation up to the 40000 Reynolds number. The
total entropy generation rate increases with the decreasing of
volume fraction. As can be understand in Fig. 6, irreversibility
arising from heat transfer are overcomed by using a higher hybrid
nanofluid volume fraction. As in Fig. 7 the thermal entropy
generation number decreases with the increasing hybrid nanofluid

402



European Journal of Science and Technology

volume fraction. This demonstrates that the heat transfer process
is enhanced with using hybrid nanofluids. The use of hybrid
nanofluids achieve the h,gher heat transfer rate in the thermal
system and reduce the entropy generation over the smooth tube
with base fluid. Fig. 8 proves the hybrid nanofluids increase the
entropy generation rate due to the fluid friction contrarily to
thermal entropy generation.
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Figure 9. Variation of dimensionless Bejan number versus
Reynolds number

The Bejan number another dimensionless number to consider
entropy generation in thermal systems. As given in Fig. 9 the
Bejan number increased with the decreasing hybrid nanofluid
volume fraction. At high Reynolds numbers the frictional
irreversibility overcomed the irreversibility caused the heat
transfer. Particle loading also decreased the total irreversibility as
given in Fig. 9.

4. Conclusions and Recommendations

As a result of the study, the important findings listed below
were obtained.

e The use of Graphene-lron Oxide-Water nanofluid in
heating and cooling systems is a heat transfer
enhancement technique with a thermodynamic
advantage. In addition, Graphene-lron Oxide-Water
hybrid nanofluid was not used in a heat exchanger tube
under the physical conditions and boundary conditions
used in this study, and the importance of this technique
was revealed with this study.

e In this study, it has been shown that by using the
Graphene nanoparticle with high thermal conductivity
coefficient and high cost and the Iron Oxide nanoparticle
with relatively low thermal conductivity and cost as a
hybrid nanofluids, a balance can be achieved in terms of
both thermophysical properties and cost, and lower
entropy generation rates can be achieved.

e The dimensionless entropy generation number was
below the unity for all configurations up to the Reynolds
number of 30000. This demonstrated that the used
method thermodynamically advantages especially high
particle loading rates.

e  The total entropy generation and the Bejan number also
effected with using hybrid nanofluid. The increasing
volume fraction cause a reduction both total entropy
generation and Bejan number. This result indicated that
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irreversibility were reduced in heat exchanger tube with
using hybrid nanofluid.

e  Choosing hybrid nanofluids as heat transfer fluid is
important in terms of providing thermodynamic
advantage in applications. As can be seen from the
results of this study, Graphene-lron Oxide-Water
nanofluid obtains as an effective heat transfer fluid due
to its unique thermophysical properties, it has the
potential to be evaluated as an economical model
compared to mono use.
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