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28Aim of present communication is to inspect the impact of induced magnetic field and entropy generation
29on water based nanofluid. The thermal characteristic of nanofluids are explored using copper and tita-
30nium nanoparticles. The governing physical problem is modelled and by using scaling group of transfor-
31mations. Obtained system of coupled nonlinear partial differential equations is converted into set of
32ordinary differential equations. These equations are solved numerically using implicit finite difference
33scheme. Entropy generation analysis is carried out to measure the disorder within the thermodynamical
34system. Effect of nanoparticles volume fraction on magnetic field components, skinfriction and local heat
35flux are computed and discussed in a physical manner. It is examined that magnetic field parameter
36reduces wall stress while it increases rate of heat transfer at surface. Local heat flux accelerate with
37increasing nanoparticles volume fraction. TiO2 water based nanofluid showed better results for heat
38transfer than Cu water based nanofluid.
39� 2017 Published by Elsevier B.V. on behalf of The Society of Powder Technology Japan. All rights
40reserved.
41
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44 1. Introduction

45 Stagnation point flows are of great importance due to their
46 valuable applications in many engineering processes for example
47 cooling of nuclear reactors and electronic devices. The classical
48 problem on stagnation point flow was examined by Hiemenz [1].
49 He inspected the persistent flow in vicinity of stagnation point.
50 Later on, a number of studies were carried out to discuss stagna-
51 tion point flow over stretching/shrinking surfaces under a variety
52 of physical constraints. For instance Hayat et al. [2] investigated
53 stagnation point flow of MHD Jeffrey fluid towards stretching
54 sheet. Stagnation point flow of MHD Oldroyd-B fluid over a stretch-
55 ing surface influenced by mixed convection effects were analyzed
56 by Sajid et al. [3]. They concluded that the magnitude of heat trans-
57 fer at the wall is increased by an increase in the Archimedes num-
58 ber. More relevant studies can be interpreted in Refs. [4–7].
59 During manufacturing processes quality of product depend on
60 thermal conductivity. Most of the fluids encountered have low
61 thermal conductivity. Nanofluids are used to improve thermal con-
62 ductivity. In this regard the pioneer concept has been coined by
63 Choi and Eastman [8]. Nanofluids have wide range of applications
64 in industry and science such as mechanical cooling, heat exchan-

65ger, targeted drug delivery, extraction of geothermal forces etc.
66Researchers deals with the characteristics of nanofluid mainly in
67two ways. Namely, single phase model and two phase model. In
68first approach the mixture of base fluid and nanoparticles are con-
69sider to be homogenous while in the latterly non-homogenous
70mixture of nanoparticles is taken into the account. Behavior of
71motile particles in nanofluid are discussed through Brownian diffu-
72sion and thermophoresis effects. Boungiorno [9] explored convec-
73tive transport in nanofluids by incorporating Brownian diffusion
74and thermophoresis effects. Moreover, effect of nanoparticles on
75natural convective boundary layer flow past a vertical sheet was
76examined by Kuznetsov [10]. Later on, Nield [11] discussed same
77problem in porous medium. Boundary layer flow of nanofluid over
78a moving surface was investigated by Bachok et al. [12] in which
79they found that dual solution exists when the plate and free stream
80move in opposite direction. Hatami et al. [13] explored nanofluid
81flow and heat transfer in asymmetric porous channel with
82escalating or contracting wall. Studies on nanofluid for different
83geometries are conducted extensively by many investigators (see
84[14–16]). A considerable amount of research in composition of
85nanoparticles dispersed in base fluid has risen exponentially.
86Hwang et al. [17] studied convective heat transfer characteristics
87of water based Al2O3 nanofluid in fully developed laminar flow
88region. Their study revealed that improved thermal conductivity
89was achieved by mixing Al2O3 nanoparticles in water. Later, Sheik-

http://dx.doi.org/10.1016/j.apt.2017.06.015
0921-8831/� 2017 Published by Elsevier B.V. on behalf of The Society of Powder Technology Japan. All rights reserved.

⇑ Corresponding author.
E-mail address: 12-phd-mt-007@hitecuni.edu.pk (Z. Mehmood).

Advanced Powder Technology xxx (2017) xxx–xxx

Contents lists available at ScienceDirect

Advanced Powder Technology

journal homepage: www.elsevier .com/locate /apt

APT 1646 No. of Pages 14, Model 5G

28 June 2017

Please cite this article in press as: Z. Iqbal et al., Framing the performance of induced magnetic field and entropy generation on Cu and TiO2 nanoparticles
by using Keller box scheme, Advanced Powder Technology (2017), http://dx.doi.org/10.1016/j.apt.2017.06.015

http://dx.doi.org/10.1016/j.apt.2017.06.015
mailto:12-phd-mt-007@hitecuni.edu.pk
http://dx.doi.org/10.1016/j.apt.2017.06.015
http://www.sciencedirect.com/science/journal/09218831
http://www.elsevier.com/locate/apt
http://dx.doi.org/10.1016/j.apt.2017.06.015


90 zadeh et al. [18] explored natural convection of Cu�water nano-
91 fluid in a cavity with partially active side walls. Effects of nanopar-
92 ticles migration and asymmetric heating on mixed convection of
93 TiO2 � H2O nanofluid inside a vertical microchannel was explained
94 by Hadayati et al. [19].
95 Flow of fluid varies with magnetic effects. Induced magnetic
96 field effects are dominant for small magnetic Reynolds number
97 [20]. Induced magnetic field plays a vital role in certain areas such
98 as flow beneath the earth surface, sunlight flares and sunspots,
99 geothermal investigation of earth surface etc. Moreover, applica-

100 tions of induced magnetic field can be found in plasma [21].
101 Glauert [22] examined hydro magnetic boundary layer flow past
102 a heated plate under the influence of uniform magnetic field.
103 Impact of induced magnetic field on MHD generator was analyzed
104 by Koshiba et al. [23]. Raptis and Soundalgekar [24] studied flow of
105 an electrically directing fluid past a moving permeable plate with
106 consistent heat flux and induced magnetic field. They discovered
107 that induced magnetic field decreases with increasing magnetic
108 field whereas it was directly proportional to mixed convection.
109 Later on, Raptis and Masalas [25] considered magneto hydrody-
110 namic flow past a plate with radiation. Influence of magnetic field
111 on hydro magnetic free convection flow was exposed by Ghosh
112 et al. [26]. Bég et al. [27] investigated electrically-conducting
113 forced convection boundary layer flow with induced magnetic field
114 effects. Bejan [28] carried out entropy generation analysis and con-
115 cluded that the in a non isolated system disorder generates and
116 entropy rise.EG� Al2O3 nanofluid in helical tube and laminar flow
117 was analyzed for entropy effects by Falahat [29]. Mixed convection
118 and entropy generation of nanofluid filled lid driven cavity under
119 the influence of inclined magnetic fields was investigated by
120 Selimefendigil et al. [30]. They concluded that entropy generation
121 is a decreasing function of Hartmann number. Some notable recent
122 articles are cited see Ref. [31,32].
123 By the inspiration of such wide applications of two phase model
124 in biomechanics, so that in the present article study of induced
125 magnetic field and stagnation point flow with nanoparticles of
126 Cu and TiO2 submerged in water is carried out. The governing sys-
127 tem of nonlinear partial differential equations is reduced to a sys-
128 tem of nonlinear ordinary differential equations whose numerical
129 solutions are computed by means of finite difference algorithm.
130 The main emphasis here is to analyze the effect of two different
131 types of nanoparticles keeping the same based fluid. The novel
132 results computed in this article are significant in academic, indus-
133 trial research and discussion of stagnation point flow of Cu and
134 TiO2 water based nanofluid towards a stretching surface. Such
135 flows are witness in many mechanical engineering problems such
136 as coolants, MHD generators, geothermal processes and plasma
137 theory. The accuracy of iterative scheme is set up to 6 decimal
138 places. Graphs and tables are drawn to inspect impact of notewor-
139 thy physical parameters on fluid velocity, induced magnetic field
140 and temperature profile. Moreover, in order to study influence of
141 pertinent parameters at surface detailed analysis for skinfriction
142 coefficient and Nusselt number is described.

143 2. Description of physical problem and governing equations

144 We consider steady two-dimensional stagnation point flow
145 towards a linear stretching sheet at y ¼ 0 in the presence of
146 induced magnetic field. Fluid occupies the region y > 0. The free
147 stream velocity is assumed to be UeðxÞ ¼ ax and velocity of stretch-
148 ing sheet is UwðxÞ ¼ cx, where a and c are positive constants. Fur-
149 thermore, we assumed that H is induced magnetic field vector
150 with magnetic field at free stream He xð Þ ¼ H0x inwhich H0 is
151 upstream uniform magnetic field at infinity. In addition we take
152 H1 and H2 parallel and normal components of induced magnetic

153field H. At the surface, normal component H2 vanishes whereas
154parallel component H1 becomes H0. Problem formulation is
155described in Fig. 1.
156Governing boundary layer equations (see Ali et al. [4]) for elec-
157trically conducting viscous fluid can be expressed as 158
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174where u; v;H1 and H2 are velocity and magnetic components along
175the x� and y�directions respectively. qnf ;lnf and anf are density,
176dynamic viscosity and thermal diffusivity of nanofluid respectively.
177T is temperature of the fluid. Effective properties of nanofluid may
178be expressed in term of properties of the base fluid. Thermophysical
179properties of base fluids and nanoparticles are presented in Table 1.
180Moreover, Cu and TiO2 nanoparticles and solid nanoparticles vol-
181ume friction in the base fluid are expressed in Table 2. In which
182qcp

� �
s is the volumetric heat capacity of solid nanoparticles,

183qcp
� �

f ; qcp
� �

nf are volumetric heat capacity of base fluid and nano-
184fluid, respectively. / is the particle volume fraction parameter of
185nanoparticles, qf and lf are density and dynamic viscosity of base
186fluid, respectively. By using following similarity transformation 187
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190Eqs. (1) and (2) are identically satisfied and other Eqs. (3)–(5) along
191with boundary condition (6) are reduced to the following nonlinear
192differential equations 193

A1f
000 � A2 f 02 � ff 00 � A�2 � b g02 � gg00 � 1

� �n o
¼ 0; ð8Þ

kg000 þ fg00 � f 00g ¼ 0; ð9Þ
A3h

00 þ PrA4fh
0 ¼ 0; ð10Þ 195195

196subject to boundary conditions
197

f ðgÞ ¼ gðgÞ ¼ 0; f 0ðgÞ ¼ 1; g00ðgÞ ¼ 0; hðgÞ ¼ 1at g ¼ 0;

f 0ðgÞ ! A�
; g0ðgÞ ! 1; hðgÞ ! 0 as g ! 1; ð11Þ 199199

200in which
201

A1 ¼ 1

1� /ð Þ2:5
; A2 ¼ 1� /ð Þ þ /

qs

qf

 !
;

A3 ¼ ks þ 2kf � 2/ kf � ks
� �

ks þ 2kf þ 2/ kf � ks
� � ; A4 ¼ 1� /ð Þ þ /

qcp
� �

s

qcp
� �

f

;
203203

2 Z. Iqbal et al. / Advanced Powder Technology xxx (2017) xxx–xxx

APT 1646 No. of Pages 14, Model 5G

28 June 2017

Please cite this article in press as: Z. Iqbal et al., Framing the performance of induced magnetic field and entropy generation on Cu and TiO2 nanoparticles
by using Keller box scheme, Advanced Powder Technology (2017), http://dx.doi.org/10.1016/j.apt.2017.06.015

http://dx.doi.org/10.1016/j.apt.2017.06.015


Download English Version:

https://daneshyari.com/en/article/4762447

Download Persian Version:

https://daneshyari.com/article/4762447

Daneshyari.com

https://daneshyari.com/en/article/4762447
https://daneshyari.com/article/4762447
https://daneshyari.com

