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Abstract

This study aims to study the fluid flow, heat transfer and entropy production on a porous

expanded rapidly in Nano-fluids in the attendance slip boundary condition numerically. In

this regard, various metals will be considered as nanoparticles with water as base fluid. Nano-

fluid that the distribution of nanoscale particles in conventional fluid caused by a new

generation of fluids with great potential in industrial applications. The effects of various

physical parameters of the problem was examined, such as the volume fraction of

nanoparticles, different types of nanoparticles, magnetic parameters, parameter sliding speed,

and suction parameters on curves speed and temperature and entropy production. The results

show that there was an increase in the entropy production with increasing volume fraction of

nanoparticles in heat transfer and thermal boundary layer thickness.

Keywords: the second law of thermodynamics, sliding flow, nano-fluids, magnetic

hydrodynamic flow, expanded sheet.

Introduction

Prodigious consumption of energy resources in the last half century has led to the world's

energy policies review. The governments have adopted significant measures to eliminate

wasted energy, promoting energy efficiency policies and technologies in buildings,

appliances, transportation and industry. Academies and researchers have started a closer look

at the energy conversion systems, the development of new techniques and methods of

analysis in order to better use of resources and environmental protection.

The purpose of the above concepts is to create due to increased efficiency in all types of

production systems, conversion and energy consumption. Measuring the efficiency of heat

exchange systems is very limited to the first law of thermodynamics. However, on the basis

of calculations using second law of thermodynamics, entropy production is highly reliable

than the calculations based on the first law of thermodynamics. Thermodynamic entropy

production is related to irreversible processes in all common heat transfer. Various factors

cause the entropy production such as heat transfer in the narrow temperature gradient,

convective heat transfer characteristics, and the effect of viscous and so on. Since the

production of entropy is a measure of the measurement system available job destruction, its
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decline is the result of optimum design of energy systems [1]. Also, the entropy production

cycle leads to reduce power output or increase the input power refrigeration cycle. Therefore,

accurate calculations of entropy production plays an important role in the development of

components such as heat exchangers, pumps, turbines, piping networks, energy storage

systems and electronic cooling equipment.

Bijan [2] focused on various factors in the production of entropy in thermal engineering

applications. Bijan [3] expressed the second law of thermodynamics statements using the

forced displacement of issues, as well as established the idea of entropy production number

and distribution of irreversibly. After that, a lot of research was performed to determine the

entropy production and irreversibility for combinations of geometric curves, flow conditions

and different boundary conditions. According to the non-linear nature of entropy production

issues, little analytical work has been done in this area. For example, Mahmoud and Fraser

[4] studied the second law in several fundamental issue heat transfers and in any case, have

made the analytical expressions for the entropy production number. These issues on a steady

laminar flow incompressible fluid in the channel with a circular cross section, so that the

channel is made up of two parallel systems. Entropy production induced by heat transfer

analysis and flow between rotating cylinders, few studies have been done that pointed out a

few of them.

Yilbaz [5] presented the analysis of isothermal entropy boundary condition for a rotating

outer cylinder under different warming in a loop. The effects of entropy production were

ignored due to fluid friction in its analysis. Mahmoud and Fraser [6] studied the entropy

production in a cylindrical gap with constant flux boundary condition. They analyzed the

conservation equations in cylindrical coordinates to obtain the analytical expression for

entropy production and Bijan simplified dimensionless numbers as a function of the

parameters involved in the issue. Their results indicate that this is the minimum amount the

average rate of production of entropy, when there is no relative motion between the two

cylinders and both cylinders rotate in one direction at the same speed occurs. In another work

[7] the entropy production is fixed between the cylinder with a relative rotation where the

cylinder internal temperature and external temperature or pressure cylinder were studied. It

has been shown that the minimum average rate of entropy production depends only on the

ratio of the radius, and when the value of angular velocity equals to the value of the radius, is

the minimum amount. Mirzazadeh and colleagues [8] examined the entropy production

induced by heat transfer and fluid flow is a non-linear viscoelastic between rotating

concentric cylinders. Their results showed that the total entropy production number decreases

with increasing the elasticity of the fluid, and increases as the Brinkman number increases.

The development of nanotechnology and nano-sized particles makes it possible to mix the

particles of the size of the fluid. Based on the description and less problems nanoparticles, the

particles are superior to the particles with a micrometer and millimeter dimensions. In fact,

the small size of the particles and the low volume fraction is used, and solves problems such

as corrosion and pressure drop. One of the most important factors in choosing fluids is the

stability of nano-particles in the fluid in the heat exchange. Finally, the smaller the particles

are, however, also increases the relative level of heat transfer. As a result, the thermal
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efficiency of particulate matter is a function of the heat transfer surfaces that increases by

reducing the particle size.

Choi and Eastman were the first people in Argune National Laboratory in the United States,

called the suspension of nanoparticles in nano-fluids base fluid and showed an extraordinary

increase in heat transfer coefficient [9]. Experimental results show that it is adding 1 to 5%

by volume particle mass, thermal conductivity of the mixture can increase up to 20%

compared with the base fluid [10, 11]. This increase in heat transfer cannot be attributed

exclusively to the thermal conductivity of the nanoparticles. Other mechanisms also have a

direct impact such as particle density, volume fraction, Brownian motion, particle size, shape

and particle surface area increases heat transfer. Mustafa et al [12] using homotopy analysis

and taking into account the effect of Brownian motion, examined the nano-fluid flow

stagnation point on an extension. Khalili and colleagues [13] examined MHD unsteady flow

and heat transfer near the point of inertia on expanding the presence of nanofluids. Ziaee rod

and Kasaeipoor [14] studied solving the boundary layer flows parallel hybrid copper water

nanofluids passed over a horizontal flat-screen numerically using finite difference method

Klrbaks.

Since the second law of thermodynamics analysis is reliable, it is an analysis of the first law

of thermodynamics, the second law of thermodynamics of fluid flow and heat transfer is

studied along on a permeable expanded rapidly in nanofluids in the attendance slip boundary

condition Runge-Kutta numerical method -the study of heat transfer in the flow drawn much

attention due to the wide applications in chemical engineering respectively.

Description of the problem and governing equations

Laminar flow incompressible fluid of dynamics of Nano-fluids is considered in the presence

of external magnetic field uniform vertical permeable expanded vertically on a sheet. The

sheet is powered by two different –oriented and equal force and spreads in order to apply,

(the center is kept constant) along withx . Speed of the sheet is assumed as ( )wu x a x= . The

viscous dissipation is ignored. Physical geometry and coordinate system are given in Fig. 1.

The conservation equations of continuity, momentum and energy for incompressible flow

boundary layers in a quiet MHD nanofluids is as follows:
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In above equations, u andv are the high-speed components along with electrical distribution

coefficient x , y andσ , B is uniform magnetic field, pc
is

the specific heat at constant
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pressure, k is thermal conductivity andT is the temperature of fluid. In the above equations,

nfµ and nfρ
are

dynamic viscosity and density of nanofluids, which nfµ is presented by

Brinkman [15] as follows, and as well as nfk
is

the effective thermal conductivity of

nanofluids and ( )p nf
cρ

is
thermal capacity of nanofluids:
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Where fµ
is the viscosity of the fluid fraction,

ϕ is volume fraction of nanofluids, fρ
and

sρ are the density of the liquid fraction and a solid fraction, respectively. It should be noted

that the above equation is to calculate nfk limited spherical nanoparticles and is not used for

other geometries nanofluids relationship and the relationship will change. Thermo-physical

properties of the base fluid (water) and various particles are given in Table 1 [16].

Wind-up Roll

Die

Nano-fluid

L

y, v

x, u

Stretching Permeable Sheet

Force

Boundary-Layer

Fig. 1: The current configuration on page spread and coordinate the issue

Table 1: thermo-physical properties different base fluid and particles [16]

Physical propertiesSpecific heat at constant pressureDensityThermal conductivity

Phase of fluid (water)4179997.10.613

Copper3858933400

Copper oxide531.8632076.5

Aluminium oxide765397040
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Boundary conditions to issue the uniform suction of the page is as follows:
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In the above equation is a constant parameter. By introducing the following

( ),x yψ dimensionless flow, continuity equation will be satisfied:
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The dimensionless components of velocity and temperature distribution conservation

equations (1) to (3), using a similar and parallel definition ofη parameter definitions are as

follows:

(7)

( )

( ) ( )

( )

1 2

1 2

,

,

,

f

f

w

a y

a x f

T T

T T

η ν

ψ ν η

θ η ∞

∞

=

=

−
=

−

Using equation (4) and as well as a parallel transformation equation and replacing them in

equation (1) to (3), the following system of ordinary differential equations is:
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In the above equations, 2
0 f

M B aσ ρ= is the magnetic parameter and ( )f p f f
Pr c kν ρ=

is

Prandtl number. The transformed boundary conditions are as follows:



Bulletin de la Société Royale des Sciences de Liège, Vol. 85, 2016, p. 47 - yy

53

(10)

( )

( )

( )

( )

( )

,

1, at 0,

1,

0,
as ,

0,

wf f

f

f

η

η η

θ η

η
η

θ η

= 


′ = =


= 

′ → 
→∞

→ 

Where 0w ff v aν= −
is

the suction parameter.

Review entropy production

According to references [1] and [17], the rate of local entropy production volume in the

presence of a uniform magnetic field with a view to simplifying assumptions boundary layer

is derived as follows:
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The above equation shows that the entropy production is consisted of three parts: the first

part, the effects of conductivity, which is proportional to the local entropy production due to

the irreversibility of heat transfer. This includes the production of entropy due to the heat

conduction of the sheet. The flow of electrical conductivity is induced in the presence of an

external magnetic field of fluid flow force, this force can cause moving fluid. Entropy

production number that entropy production rate is dimensionless form, represents the ratio

between ( )genS ′′′& the actual rate of entropy and entropy production rate. Parallel conversion

parameters (6) and (7) to non-dimensional equation of entropy (11) is used as a result of

entropy production number of the equation comes in the form below:
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T T∞Ω = ∆
is a dimensionless parameter temperature difference and

2 2 2

0 2 2 2 2

f fk T k b x
S

L T L T∞ ∞

∆
′′′= =&

is

the rate of entropy production are characteristic.

Discussion and Results

Nonlinear ordinary differential equations (8) and (9) are solved according to the boundary

conditions (10) for Runge-Kutta numerical method for different values of magnetic

parameters, the volume fraction of nanoparticles, and suction. In this section, three types of

nanoparticles have been considered: copper, copper oxide, aluminum oxide. Water is

considered as a base fluid. It should be noted that copper, Cu , in all forms, but the forms that

exist to review the types of nanoparticles, as nanoparticles are considered. Prandtl number

equal to 2.6 that represents the Prandtl number of water is considered at 20 ° C [16].

The comparison between some of the results in this article and previously published papers

[18-21] is shown in Table 2 that the results show excellent agreement between the results

obtained is.

Table 2: Comparison of the results for different values of Prandtl number on the transmission

rate 0wM fϕ = = =

Prandtl numberRef. [18]Ref. [19]Ref. [20]Ref. [21]current study

0.720.80580.8086080860.80860.8086

31.91441.92371.92371.92361.9236

73.70063.07233.07233.072243.07225

10-3.72073.72073.72063.7206

Fig.s 2 and 3, involved to examine the effect of the volume fraction of nanoparticles on the

curve of speed and temperature distribution curve. The results show that with increasing

volume fraction of nanoparticles, the velocity component decreases. This phenomenon occurs

because the nanoparticles leads to further thinning-boundary layer thickness os speed. On the

other hand, with increasing volume fraction of nanoparticles, thermal conductivity, thermal

boundary layer thickness and consequently increases.

Fig.s 4 and 5 show the magnetic parameters effects on velocity and also temperature

distribution curve. Such as drag force, called the Lorentz force arises due to the magnetic

field applied perpendicular to the flow of electrical conductivity. This force tends to decrease

with increasing temperature and flow rate near the screen. Therefore, the amount of speed

reduction and thermal boundary layer thickness-increasing magnetic parameter increases. It

should be noted that a large resistance on the fluid particles generate heat in the fluid, caused

by increased magnetic parameters.

Fig.s 6 and 7 show a suction parameter effect on the speed distribution curve and air

distribution curve. When the vacuum is created in the suction wall, speed curve is reduced,
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because the amount of fluid in the suction pulled into the walls, boundary layers will be

thinner. Gradual reduction in the thermal boundary layer thickness is created for large-suction

parameter.

Fig.s 8 to 11 show the results of entropy production number for the parameters of volume

fraction of nanoparticles, magnetic, suction, and various nanoparticles. It is observed that

parameter occurs with increasing volume fraction of nanoparticles, magnetic parameters, and

parameter suction entropy production rate increases. Also, the observation is made that in

most parts of the boundary layer formed around the sheet, nano-fluids with copper

nanoparticle production is the highest entropy.

Fig.s 12 to 14 represent the effect of Reynolds numbers, Brinkman and Hartmann entropy

production number. The results show an increase in entropy production number with

increasing Reynolds number, Brinkman number and Hartmann number. As the equation (12)

determined, with increasing Reynolds number, irreversibility due to heat transfer and fluid

friction surface and consequently lead to an average increase of entropy. Also, there is an

increasing number Brinkman, entropy production due to Joule dissipation and increases fluid

friction and ultimately increasing Hartmann number entropy production increases due to

Joule dissipation and consequently the average entropy production. As can be seen from the

increase in value of the Reynolds number Re = 10 and Re = 50 (5-fold change), and entropy

production number on the screen from NG = 200 to NG = 1000 (5-fold increase) changes. On

the other hand, with 5 times the amount of entropy production number changes on the screen

Brinkman number of NG = 200 up to NG = 900. Finally, it is clear that with increasing

Hartmann number of Ha = 1 to Ha = 15 (15-fold change), the amount of entropy production

number changes on the screen from NG = 200 up to NG = 1000. Therefore, by comparing the

results it is clear that in the area studied in this paper, the highest rate of entropy production

number is obtained for the change in the Reynolds number.
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Fig. 2: Effect of particle volume fraction on the velocity curve for 0.5wM f= =
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Fig. 5: Effect of magnetic parameters on temperature distribution curve for 0.1, 0.5wfϕ = =



Bulletin de la Société Royale des Sciences de Liège, Vol. 85, 2016, p. 47 - yy

57

η

f'
(η

)

0 1 2 3 4 5
0

0.2

0.4

0.6

0.8

1

fw = 0
fw = 1
fw = 2
fw = 3

Fig. 6: Effect of suction on the velocity curve for 0.1, 0.5Mϕ = =

η

θ
(η

)

0 0.5 1 1.5 2 2.5 3
0

0.2

0.4

0.6

0.8

1

fw = 0
fw = 1
fw = 2
fw = 3

Fig. 7: Effect of suction on the temperature distribution curve for 0.1, 0.5Mϕ = =

η

N
G

0 0.5 1 1.5 2 2.5 3
0

40

80

120

160

200

Al2O3

Cu
CuO

Fig. 8: The effect of different nanoparticles on entropy production number

for 0.1, 0.5, 1, 10wM f Ha Br Reϕ = = = = = =



Bulletin de la Société Royale des Sciences de Liège, Vol. 85, 2016, p. 47 - yy

58

η

N
G

0 0.5 1 1.5 2 2.5 3
0

50

100

150

200

250

ϕ = 0.0
ϕ = 0.1
ϕ = 0.2

: Effect of volume fraction of nanoparticles on the number of entropy9Fig.

0.5, 1, 10wM f Ha Br Re= = = = =for

η

N
G

0 0.5 1 1.5 2 2.5 3
0

50

100

150

200

250

300

M = 0.0
M = 0.5
M = 1.0
M = 2.0

: Influence of magnetic parameters on the number of entropy10Fig.

0.1, 0.5, 1, 10wf Ha Br Reϕ = = = = =for

η

N
G

0 0.5 1 1.5 2 2.5 3
0

500

1000

1500

2000

fw = 0
fw = 1
fw = 2
fw = 3

Fig. 11: Effect of suction on the number of entropy for 0.1, 0.5, 1, 10M Ha Br Reϕ = = = = =



Bulletin de la Société Royale des Sciences de Liège, Vol. 85, 2016, p. 47 - yy

59

η

N
G

0 0.5 1 1.5 2 2.5 3
0

200

400

600

800

1000

Re = 10
Re = 20
Re = 30
Re = 50

Fig. 12: Influence of Reynolds number on the number for the entropy production for

0.1, 0.5, 1, 10wM f Ha Brϕ = = = = =

η

N
G

0 0.5 1 1.5 2 2.5 3
0

200

400

600

800

Br = 10
Br = 20
Br = 30
Br = 50

Fig. 13: Impact of Brinkman number on entropy production number for

0.1, 0.5, 1, 10wM f Ha Reϕ = = = = =

η

N
G

0 0.5 1 1.5 2 2.5 3
0

200

400

600

800

1000

Ha = 1
Ha = 5
Ha = 10
Ha = 15

Fig. 14: Influence of Hartmann number on the number for the entropy production

0.1, 0.5, 10wM f Br Reϕ = = = = =



Bulletin de la Société Royale des Sciences de Liège, Vol. 85, 2016, p. 47 - yy

60

Conclusion

In this study, fluid flow, heat transfer and entropy production in nanofluids on page spread

permeable slip boundary condition will be discussed in the presence of magnetic

hydrodynamic flow. Conservation equations in the form of partial differential equations,

ordinary differential equations, which is used in order to convert them to a parallel solution

for speed components as well as non-dimensional temperature distribution. Dimensionless

ordinary differential equations obtained numerically have been resolved using Runge-Kutta

and delivery techniques. The results obtained in this study, other references and also used

analytical solutions, which well be seen that shows the accuracy of the solution is in this

article. With increasing volume fraction of nanoparticles, the amount of components to

reduce speed and hydrodynamic boundary layer thickness and thermal conductivity and thus

the thermal boundary layer thickness-increased. Also, the components and reduce the speed

of the boundary layer and thermal boundary layer thickness-increasing magnetic parameter

increases.
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