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KEYWORDS Abstract An investigation of the boundary layer nanofluids flow over a porous wedge in the pres-

Waier gl seavaiar bl ence of uniform transverse magnetic field and thermal radiation energy has been analyzed. Water

SWCNTs; and seawater based nanofluid containing copper, aluminum oxide and Single Walled Carbon nan-
Porous wedge sheet; otubes (SWCNTs) is taken into consideration. The governing equations in terms of ODEs are
Lie group analysis; solved using fourth—fifth order Runge-Kutta—Fehlberg method with shooting technique. Approx-
Thermal energy radiation imate solution of temperature, velocity, the rate of heat transfer and the shear stress at the wedge

are illustrated graphically for several values of the pertinent parameters. Thermal conductivity
enhancements of water and seawater in the presence of single-walled carbon nanotubes (SWCNTs)
are presented. The thermal boundary layer of SWCNTs—water is compared to SWCNTs-seawater
on absorbing the incident thermal energy radiation and transmitting it to the nanofluid by convec-
tion. Momentum and thermal boundary layer thickness for SWCNTs—seawater is stronger than
SWCNTs—water with increase of the radiation parameter because of low thermal conductivity of
seawater. The rate of heat transfer of Cu—seawater is significantly stronger than all the other mix-
tures in the flow regime because of the combined effects of density of copper and seawater.

© 2016 Faculty of Engineering, Ain Shams University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Thermal conductivities of nanofluids containing SWCNTSs
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investigators. The interesting electrical and physical properties
be B of both the single-walled and multi-walled CNTs have been
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Nomenclature

By magnetic flux density, kgs 2 A"

Cr temperature ratio, K

Cp specific heat at constant pressure, J kg™! K~!

g acceleration due to gravity, m s>

Gr Grashof number, —

ki rate of chemical reaction, molm~'s™"

k* mass absorption coefficient, m™!

K permeability of the porous medium, m?

kr thermal conductivity of the base fluid, kg m s> K~

kg thermal conductivity of the nanoparticle,
kgms > K™!

kuy effective thermal conductivity of the nanofluid,
kgms > K!

M magnetic parameter, —

N thermal radiation parameter, —

Pr Prandtl number, —

Re Reynolds number, —

qra incident radiation flux of intensity, kgm™"' s> K~

0, rate of source/sink, kg m™>

t time, S

T temperature of the fluid, K

T, temperature of the wall, K

T temperature of the fluid far away from the wall, K

X,y streamwise coordinate and cross-stream coordi-
nate, m

u,v velocity components in x and y direction, m s~

U(x) flow velocity of the fluid away from the wedge, m s~

Vo velocity of suction/injection, m s~

Olf thermal diffusivity of the nanofluid, m? s~

By thermal expansion coefficients of the base fluid,
. Kol

s density of the base fluid, kg m >

0 density of the nanoparticle, kg m—>

Pnf effective density of the nanofluid, kg m~>

(pcy),, heat capacitance of the nanofluid, J m 3 K™!

(pB),r volumetric coefficient of thermal expansion of

" nanofluid, K™!

o electrical conductivity, Q' m™"

o1 Stefan—Boltzmann constant, kg sIK™

1y dynamic viscosity of the base fluid, kgm ™' s~!

Moy effective dynamic viscosity of the nanofluid,
‘ kgm~'s~!

Vs dynamic viscosity of the nanofluid, m?s™!

0 time-dependent length scale, s

o heat source/sink parameter —

A porous parameter, —

Q resistance, kg m? s> A2

¢ distance along the wedge, m

{ nanoparticle volume fraction, —

1] dimensionless stream function, —

n similarity variable, —

f dimensionless stream function, —

0 dimensionless stream function, —

Greek symbols

nanotubes can be visualized as a sheet of graphite that has
been reformed into a tube, with diameters ranging roughly
from 1 to 100 nm and lengths up to millimeters. The character-
istic of CNTs to have metallic as well as semiconductor behav-
ior depends on the diameter of the tubes. Due to thermal
conductivity of energy transfer fluids used in power generation,
microelectronics heating or cooling, chemical production and
transportation and many other applications, it is compulsory
to enhance thermal conductivity of these fluids to improve heat
transfer. Because of mechanical properties, chemical and ther-
mal stability, and hollow geometry, the carbon nanotube
(CNT) promises many new applications in nanobiological
devices and nanomechanical systems such as fluid storage,
fluid transport, and drug delivery [13—17]. The nonlocal beam
models have been adopted for different analyses of carbon
nanotubes because it takes the nanoscale effect into account
[18-21].

Nanofluids consist of nanometer-sized particles with signif-
icantly strong thermal conductivity dispersed in a common
base fluid such as water or seawater. Due to their efficient ther-
mal conductivity compared to base fluids and their perfor-
mance in energy devices, nanofluids are interesting
candidates for heat transfer enhancement [22-26]. Hence, the
water based single walled carbon nanotubes (SWCNTs-
water) for heat transfer enhancement in coaxial tube exchange
due to thermal radiation under laminar flow regime are inves-
tigated numerically. These nanofluids appear to have a very

strong thermal conductivity and may be able to meet the rising
demand as an efficient heat transfer agent [27-29]. Several
studies have been observed on the heat transfer enhancement
of nanofluids flowing through a tube under the laminar regime.
It is stated that the experimental convective heat transfer coef-
ficients of nanofluids varied to increase the flow velocity and
volume fraction. SWCNTs have unique -electronic and
mechanical properties which can be utilized in numerous appli-
cations [30-36]. The characteristics of seawater correspond to
those of water in general, because of their common mechanical
and physical properties, for example, the molecular structure
of seawater, like that of freshwater, helps the formation of
bonds among molecules. Some of the distinctive characteristics
of seawater are attributable to its salt content. The viscosity
(i.e., internal resistance to flow) of seawater, for example, is
stronger than that of freshwater because of its higher salinity.
The density of seawater is higher for the same reason. Seawa-
ter’s freezing point is lower than that of freshwater, and its
boiling point is stronger [37-40]. Recently, Rizwan et al. [41]
investigated the convective heat transfer in MHD slip flow past
a stretching surface in the presence of carbon nanotubes. In the
present article, heat transfer of SWCNTs on MHD unsteady
flow over a porous wedge in the presence of seawater and
freshwater is analyzed.

The aim of the present work was to investigate the bound-
ary layer flow of water and seawater based nanoparticles past a
porous wedge in the presence of uniform transverse magnetic
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field and thermal energy radiation. The water and seawater
based SWCNTs have been considered in the present work.
Governing PDEs are converted into coupled nonlinear ODEs
and then solved numerically by shooting technique with Run
ge—Kutta—Fehlberg method.

2. Mathematical analysis

Consider a two dimensional, MHD unsteady boundary layer
Darcy flow of an incompressible viscous nanofluid over a por-
ous wedge sheet with variable stream conditions (see Fig. 1).
The temperature at the wedge sheet and ambient takes the con-
stant value 7, and T, respectively and the magnetic strength
By is applied parallel to the y-axis. The nanofluid is a water/
seawater based nanoparticles Cu, Al,O3; and SWCNTs. It is
assumed that the base fluids (water/seawater) and the sus-
pended nanoparticles are in thermal equilibrium. The thermo-
physical properties of the nanofluids are presented in Table 1
[41,40,47]. The porous wedge is assumed to be transparent
and in thermal equilibrium with the nanofluids. Non reflecting
absorbing ideally transparent wedge sheet observes an incident
radiation flux of intensity ¢/ ,. The thermal radiation flux pen-
etrates the plate and is absorbed in an adjacent fluid of absorp-
tion coefficient. The induced magnetic field produced by the
fluid motion is justified as B = (0, By, 0) and the effect of
polarization of fluid is negligible, E = (0,0, 0). Based on the
assumption, the momentum and energy equations can be
expressed as [42]

3
o Oy
o5t o0 (1)
@_ﬁ.*@_ﬁ.g@fi a_[]+U8_l] + @
o "Mox oy p [\ar T ax )P T Ry
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aT 9T _oT 1 >T o,
il g T - rad T_ T
ot +uax+v8f (pcﬂ)nf( " 0y? Jy ol OC)) ®)

Darcy’s law is a constitutive equation that describes the
flow of a nanofluid through a porous wedge cone. The term
Qo(T,, — T) is assumed to be the amount of heat source/sink
per unit volume, Qy is a constant and it is assumed to be the
amount of heat generated (Q, > 0)/absorbed (Qy < 0) per

unit volume. Using Rosseland approximation for thermal

_ 4oy 9T*
3k oy

k™ — mean absorption coefficient. # and v — velocity compo-
nents along the x-axis and y-axis, respectively, T — temperature
of the base fluid, ,, — thermal expansion coefficient of the
nanofluid, p,,— density of nanofluid, v,, — kinematic viscosity
of nanofluid and «,, — thermal diffusivity of nanofluid which
are defined as [41],

radiation, ¢, = o1 — Stefan—Boltzmann constant,

nf k” .
Vaf = Z—: (B)yy = (1= @)(pB)y + @(pB)y oy = (pc;) y

(pcp),y = (1 = @)(pc,), + o(pcy),,

@ _ {(k\ + 2kf) — Z(P(k/ - k&)}
ks + 2ky) + 2 (ks — k)

“4)

vy — kinematic viscosity of base fluid, ¢ — nanoparticle volume

g fraction, (pc,),s — effective heat capacity of a nanoparticle,
k,s — thermal conductivity of nanofluid, k, and k, — thermal
conductivities of the base fluid and nanoparticles while p,
and p, — densities of the base fluid and nanoparticles. The
corresponding boundary conditions are stated as
U(x
() u=0, v=—-v, T=T,+cx"aty=0;
— >
> i U= T T asy ()
u— = — Ty ¢ —
SWCNTSs P ree
i{;’h\ ¢; and n; (power index) are constants and v, is the suction
! 3_;\': Y (vo > 0) or injection (vg < 0) velocity of the fluid at the wedge.
=3 '~ The potential flow velocity can be written as U(x, ) = :3’%1,
b= 12+";1 (see in Sattar [43]), 6 — time-dependent length scale
Figure 1  System of flow model over a porous wedge sheet. which is considered to be § = (¢) and B, — Hartree pressure
Table 1 Thermophysical properties of fluid and nanoparticles.
p (kg/m?) ¢, J/kgK) k (W/mK) Bx 1075 (K™ o x 1077 (m?/s)
Pure water 997.1 4179 0.613 21 1.47
Seawater 1021 4000 0.6015 4.181 1.46
Copper (Cu) 8933 385 401 1.67 1163.1
Alumina (Al,0O3) 3970 765 40 0.85 131.7
Titanium (TiO,) 4250 6862 8.9538 0.9 30.7
SWCNTs 2600 425 6600 0.33 2.0
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gradient parameter that tends to 8, = £ for a total angle Q of
the wedge. By Kafoussias and Nanousis [44], the stream func-

tions are defined as
B (1 + m) xm*] vfxmzrl
_yw 2 5m+17 \/ 1 +m m+1 .
_T-T, oy B
9_7T,,.7Tm’ u—a—ydndv— o (6)
Egs. (2) and (3) become
Y oY Oy al//a W

019y ' dy Oxdy dx 0y

1 B). . Q
= 1—(—}-((’0[)“ g(pB)ATsin— 0
(1-¢c+c2) (0B); ’ 2
Pr
7 8’np dU 25 GB(% Vs
U— 1- —t— - 7
togma Ve (-0 ) w0 O
oT Oy OT 0 OT
o dy Ox Ox Oy
1 [ {k, IT 4
= |5 A I N(Cr+ 1) 0
(pep) ky Oy 3
C+C o), r 0)
_ QAT (8)
(Pcp)f
Boundary conditions
4 4
- = - T=T, ¢ =0:
ay 0, ax V07 W dt y 07
81// vxm B
8y 5"”17 T—T,asy— oo 9)
Cr :T—T— T, — temperature ratio where C7 assumes very

small constant by its definition as 7, — T, > T4. In this
study, it is assigned the value C = 0.1, Murthy et al. [45].

The symmetry groups of Eqs. (7) and (8) are calculated
using classical Lie group analysis and it is defined as

Xt =x+edi(x,p,4,0), v =y+ed(x, Y, 0),
Vi=ytem(x,yy,0), 00 =0+en(x,yy,0)

By algebraic approaches, the formation of infinitesimals is
Gi=ax+ao, &=g),

(10)

w; = c3y +¢q and p, = 50
(11)

g(x)-arbitrary function and the infinitesimal generators are
defined as

Xy =xZ+g(x )01+1// g%,

. (12
o=+, Xi=g)F+5

~—

The given PDEs are transformed by a special case of Lie
symmetry group transformations viz. one-parameter infinitesi-
mal Lie group of transformation into a system of ODEs.

The characteristic equations are

dx dv dy do

P S g 1

x 0 W 0 (13)
Solving the equations, we get

n=y, ¥ =xf(n) and 6 =x0(n) where n = n(x,1) (14)

Egs. (7) and (8) become

/" (1 — i+ cﬁ—/) (1= 0782+ +0/") + 1"
2m ) B (pB),
+m /) } m+ 1 {(l §+£(Pﬁ)f>}
x Ern(l — C)z'sysin%O — (MO =0+ )" - 1)}
Ps 25 m . Of (9f & _
+(1—C+C;f)(l—é) l—mfag(8_;1 e =0 (15)

4 Ky . (pep), | Ky [ 2m

0" + 3k N{(Cr+0)0} {1— (e )}k, m+1f9
NV 00 of . of 00

—f0+ A0 +——60+—— - — =0(16
SO+ A0 +4 {éaw” éﬁfanH (16)
Boundary conditions take the form

5=0, Mg =-S, O=1laty=0 -

and %:1, 0 —0asn— oo

Pr :;4: is the Prandtl number, A = “K " is the porous media

parameter, N = — thermal radiation parameter,

k,,/k
_ 1 _ glh)AT , P ;
0, = . 7 = =L is the buoyancy or natural convection
Tv—Tw pfuzkﬂ

parameter, 0; = L AT is the heat source/sink parameter and

kU7

M:%‘i’;l is the magnetic parameter. S = —Vm/(l;‘f"&)"' is
the suction parameter if S > 0 and injection if S < 0 and

& = k x'#*, Kafoussias and Nanousis [44], is the dimensionless
distance along the wedge (¢ > 0). In this system of equations,
it is obvious that the nonsimilarity aspects of the problem are
embodied in the terms containing partial derivatives with
respect to &. This problem does not admit similarity solutions.
Thus, with &-derivative terms retained in the system of equa-
tions, it is necessary to employ a numerical scheme suitable
for partial differential equations for the solution. Formulation
of the system of equations for the local nonsimilarity model
with reference to the present problem will now be discussed.
At the first level of truncation, the terms accompanied by &
are small. This is particularly true when (¢ < 1). Thus the

% on the right-hand sides of Egs. (15) and (16)
are deleted to get the following system of equations:

0&
terms with & 2

17 (1= ) 1= 2 2 )

3 (pB),
{<l e, ﬂ»)}

x (1— g)“ysmgo— (M(1 =0 +2)(f" - 1)] =0 (18)

2m

+o /2)}

m+1

/! 4k 3/’
0 +§E {(crw) 9} Pr{1§+g

{2”‘ £10— 10 + Jonl + 2 M}:o
m

Boundary conditions
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/=0, f:—E:T79:1Mﬂ:0w¢f:L Sotid line M= 0.0
00 asy— oo (20) Dotline M= 1.0
g5 . . 0.7
Let A, =55, where c¢= 0‘—/ % and integrating,
0 =[c(m+1)v, t]ﬁ When ¢ =2 and m =1 in J, we get 0.6
6 = 2,/v;f which obtains that the parameter é can be compared :
with the well established scaling parameter for the unsteady 0.5 .'. {=10.0,0.1,0.2
boundary layer problems (see Schlichting [46]). The skin \ v
friction coefficient and the Nusselt number are defined as Eo4 u\ g
@ i
ty, (Ou 1 p» N
L. (_) =L (Ren)H(0) (1) 034k
LU\ e (107 ME
" oT 02 !".’; -‘
XKy l'.\ o
Nuy = ———— | . 4
kf(’Tn - TOC) (ay)at y=0 0.1 \l 9 r
v 4 /Q »
:—(Rex)%%0(0)|:l+§N(CT+0(0))Z (22) 0 /N..:'::.':.':.'::::r.'.'.'.'.':::t:--v-:-u»r_.,.,’ﬁ’
f 0 2 L 6 8 10 12
n

Re = L‘—/‘ — local Reynolds number.
3. Numerical solution

By using DSolve subroutine command in MAPLE 18 we can
get the solution for Eqs. (18)—(20) with trial and error basis.
This software consists of fourth—fifth order Runge—Kutta—
Fehlberg method with shooting technique. The numerical
results the dimensionless velocity, temperature, skin friction
and the rate of heat transfer in the presence of SWCNT—water
and SWCNT-seawater are obtained.

4. Results and discussion

Eqgs. (18) and (19) with boundary conditions (20) have been
solved numerically for some values of the governing parame-
ters Pr, {, m, 4, 01, ny, A, and N using Maple 18. y > 1.0,
y = 1.0 and y < 1.0 represent to free convection, mixed con-
vection and forced convection. In this work we have assumed
y = 100. Validating our technique, f”(0) is compared with
those of Rizwan et al. [41] and found that they are in good
agreement, see Table 2. Thermophysical properties of the fluid
and the nanoparticles are defined in Table 1 [41,40,47].

It is predicted from Fig. 2 that the agreement with the solu-
tion of temperature profile for various values of nanoparticle
volume fraction significantly correlates with Fig. 8(a) of
Rizwan et al. [41].

Figure 2 Comparison of temperature profile for { with Fig. 8(a)
of Rizwan et al. [41].

Fig. 3 presents the velocity and temperature profiles for dif-
ferent values of the thermal radiation parameter N in the pres-
ence of SWCNTs-seawater and SWCNTs—water. It is noticed
that the velocity and the temperature of water and seawater
based SWCNTSs increase significantly whereas the rate of heat
transfer decreases with increase of the radiation parameter N
(0.5 < N < 1.5). This is due to the combined effects of thermal
conductivity and density of the SWCNTs—nanofluid. It is
interesting to note that rate of heat transfer for SWCNTs—sea-
water is higher than that of SWCNTs—water (Table 3) and the
thermal boundary layer thickness for SWCNTs-seawater is
lower as compared to SWCNTs—water. Fig. 4 presents the
velocity and the temperature profiles for different values of
magnetic parameter in the presence of water and seawater
based SWCNTs. It is clearly shown that the velocity of the
nanofluids (SWCNTs-seawater and SWCNTs—water)
decreases and the thermal boundary layer thickness for
SWCNTs-seawater is lower than that of SWCNTs—water with
increase of magnetic strength M (1.0 < M < 10.0) because of
the combined effects of thermal and electric conductivities of
the nanofluid. The effects of a transverse magnetic field to an
electrically conducting fluid give rise to a resistive-type force
called the Lorentz force. This force clearly indicates that the

Table 2 Comparison of skin friction coefficient —CfRe%( for various values of M.

4 Rizwan et al. [41] Present work
B =05 B =05
M =0 M = 0.5 M=0 M =0.5
SWCNTs-water 0.0 0.5912 0.6495 0.591178452 0.649493428
0.1 0.6680 0.7242 0.667965268 0.724248769
0.2 0.7504 0.8051 0.750374192 0.805072871
MWCNTs-water 0.0 0.5912 0.6495 0.591194527 0.649522965
0.1 0.6508 0.7106 0.650793523 0.710573241
0.2 0.7180 0.7795 0.717956234 0.779531892
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6(n)

0 02 04 0.6 038

— N=0.5,SWCNTs-water
=+ = N=13.SWCNTswater 2
= oo « N=10SWCNTs-sea water ***** N1.3.SWCNTs-sea water

= = N=1.0,.SWCNTs-water

3.SWCNTs-sea water

— N=03,SWCNTswater = = N=10SWCNTs-water
== N=15SWCNTswater = = N=03SWCNTs-seawater
» o5 1 N=10 SWCNTs-sea water ***** N=1.5 SWCNTs-sea water

Figure 3 Thermal radiation effects on velocity and temperature profiles.

Table 3 /”(0) and —0'(0) for different values of N with
Pr—=62, 7=05 5=05, 61 =10, M=5.0.

N

1"(0)

—0'(0)

SWCNTs—water 0.1
1.0
1.5

SWCNTs-seawater 0.1
1.0
1.5

10.78515452805541
12.01004734012169
12.54880714059170

10.47780500700737
12.14490973744439
12.69131496777138

4.44071358942363
2.56980496118636
2.15043460939386

4.87246624249648
2.57556285092944
2.15560604210558

Table 4 f”(0) and —¢'(0) for different values of M with
Pr—=62, =05 6=05, 61 =10, N=1.0.
M fl/(O) _9/(0)

SWCNTs—water 1.0 11.46837881046136 3.327802520956691
5.0 11.41054185295425 3.301552163607098
10.0 11.51920648179646 3.285734958955961

SWCNTs-seawater 1.0 11.05998859748521 3.626179963621877
5.0 11.53659929438686 3.308355416963920

10.0

transverse magnetic field opposes the transport phenomena
and it has the tendency to slow down the motion of the fluid
and to accelerate its temperature profiles. In addition, the vir-
tue of viscosity also contributes to the flow resistance of the
nanofluid. It is also observed that the rate of heat transfer

£t

[

0 05 1 13
n

— — M=5,SWCNTs-water
=10.SWCNTswater ®m m N\=] SWCNTs-sea water
* o o o N=5 SWCNTs-sea water ***** M=10,SWCNTs-sea water

11.63507422022600

3.291863107156541

for SWCNTs-seawater is higher than that of SWCNTs-water,
Table 4. Effects of heat source (61 > 0) on velocity and tem-
perature distribution in the presence of water and seawater
based SWCNTs are shown in Fig. 5. The presence of heat
source in the boundary layer generates energy which causes

1y
0.8
0.6
5
0.4
02
0 T w >
0 05 1 15 2

A 'WCNTs-sea water
M=10,SWCNTs-sea water

Figure 4 Magnetic effects on velocity and temperature profiles.
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0 T T T T

0 02 04 06 08
n

81=0.5,SWCNTs-water — — 51=1.0,SWCNTs-water
== 31=2.0.SWCNTs-water = ® §1=0.5SWCNTs-sea water
= == 51=1.0,.SWCNTs-sea water ***** 31=2.0,SWCNTs-sea water

8(m)

ot
w
-

81=0.5,SWCNTswater = = §1=1.0.SWCNTs-water
== 31=2.0SWCNTswater ® ™ §1=0.5,SWCNTs-seawater
= * =+ 51=1 SWCNTs-seawater """ " " 81=2,SWCNTs-sea water

Figure 5

Table 5 f”(0) and —0'(0) for different values of 51 with
Pr—=62,7=05 6=05 M=10, N=1.0.

Heat source effects on velocity and temperature profiles.

Table 6 f”(0) and —0'(0) for different values of 1 with
Pr=062,01=10,6=05M=10,N=1.0.

31 £(0) —0'(0)

4 f"(0) —0'(0)

SWCNTs—water 0.5 11.37755577688759 3.319610279719555
1.0 15.22112322110225 1.311348595211690
2.0 10.40295062182951 4.047739154648341

SWCNTs-seawater 0.5 10.99108927319695 3.619438710017548
1.0 11.15065548558862 3.583203927185552
2.0 10.53025973448391 4.053370538109227

SWCNTs-water 0.5 11.04231526747509 3.566038443801494
1.0 11.69371791531883 2.775492013091292
2.0 11.10555621327483 3.560176781255234

SWCNTs-seawater 0.5 10.71296891958325 3.893664523230942
1.0 11.19124567801182 3.569031305982667
2.0 11.22517248803293 3.566059988320378

the velocity and temperature of the nanofluids (water and sea-
water based SWCNTs) to increase firstly and then decrease
whereas the rate of heat transfer firstly decreases and then
increases but the skin friction firstly increases and then
decreases with increase of heat source, Table 5. It is interesting
to note that the rate of heat transfer for SWCNTs—seawater is
stronger than that of SWCNTs—water.

£t

0 T T T T

0 02 04 0.6 08 1

n

Fig. 6 illustrates the typical velocity and temperature pro-
files as obtained by varying the porosity parameter for the case
of SWCNTs-seawater and SWCNTs—water, respectively. It is
clearly shown that the velocity and the temperature of the
nanofluids gradually increase and then decrease with increase
of porosity parameter but the rate of heat transfer for
SWCNTs—water firstly decreases and then increases whereas
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Figure 6 Porosity effects on velocity and temperature profiles.
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Figure 7 Nanoparticle volume fraction on velocity and temperature profiles.

Table 7 f”(0) and —0'(0) for different values of { with
Pr=62,01=1.0,6=05M=1.0,N=1.0.

¢

f"(0)

—0'(0)

SWCNTs—water 0.05
0.10

0.20

SWCNTs-seawater 0.05
0.10

0.20

11.9060402546369
11.0531623230024
9.30511366740325

11.4573541325429
11.1772416291270
9.53683830358729

3.92156368275020
3.56460450073797
2.86217226965315

4.29156742368451
3.57075633104794
2.87375282410418

Table 8 f”(0) and —0'(0) for different nanoparticles in water

and seawater with Pr = 6.2,01 =1.0,6 = 0.5, M = 1.0,
N = 1.0.
Nanoparticles 1 (0) —0'(0)
Water Cu 11.7950993251236  3.72514561420155
Al,O3 11.0390776462575 3.69626924128355
SWCNTs 11.0531623230023 3.56460450073796
Seawater Cu 13.3634097847336 4.14766549361491
Al,O3 11.5691100313522 3.70074897606376
SWCNTs 11.1772416291270  3.57075633104792

it decreases for SWCNTs-seawater with increase of porosity
parameter, Table 6. The effect of nanoparticle volume fraction
of added singe walled carbon nanotubes (SWCNTS) on flow
and temperature fields of the water and seawater is presented
in Fig. 7. It is clear that the velocity of nanofluids
(SWCNTs—water and SWCNTs-seawater) firstly decreases

and then increases while the temperature of the nanofluids
increases with increase of nanoparticle volume fraction. It is
also predicted that the rate of heat transfer decreases (Table 7)
with increase of nanoparticle volume fraction and also the rate
of heat transfer for seawater based SWCNTs is stronger than
that of SWCNTs—water.
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Figure 8 Different nanoparticles — water effects on velocity and temperature profiles.
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Figure 9  Suction effects on velocity and temperature profiles.

Table 9 f”(0) and —6'(0) for different values of S > 0 with
Pr=262,01=1.0,0=05M=1.0,N=1.0.

S f//(o) 70/(0)
SWCNTs-water 0.5 11.0827668898851  3.56647923488613
1.0 10.1126864378420  4.97996433455483
2.0  9.00925245181533 8.47993106975987
SWCNTs-seawater 0.5 10.7530200385213  3.89437180975383
1.0 10.2145846282221  4.98527966177432
2.0 9.07130618912964 8.48521131866359

The effect of different nanoparticles in the presence of
water and seawater on the dimensionless velocity and temper-
ature profiles has been displayed in Fig. 8. It is observed that
the velocity of the nanofluid firstly decreases and then
increases and the temperature of the nanofluids increases
whereas the rate of heat transfer decreases (Table 8) with the
increase of the said sequences of water and seawater based
Cu, ALLO; and SWCNTs. It is noticed that the momentum
and thermal boundary layer thickness of SWCNTs-seawater
is stronger than that of SWCNTs—water. It is also observed
that the skin friction and the rate of heat transfer of Cu—seawa-
ter are stronger than those of all the other mixtures in the flow
regime. Fig. 9 depicts the influence of the suction parameter S
on the velocity and temperature profiles in the boundary layer
when the magnetic field is uniform. It is seen that the velocity
and the temperature of the nanofluids (SWCNTs—seawater
and SWCNTs—water) decrease and the rate of heat transfer
increases (Table 9) with increase of suction parameter. It is
also observed that the momentum and thermal boundary layer
thickness for SWCNTs—water is stronger than that of
SWCNTs-water. However, the exact opposite behavior is pro-
duced by imposition of wall fluid blowing or injection.

5. Conclusion

The purpose of the study is worthwhile to submit the compar-
ison among the SWCNTs in the presence of water and

seawater for absolute skin friction and the rate of heat transfer.
In addition, the effect of various values of existing parameters
on velocity and temperature is discussed graphically and quan-
titatively. The main observation of present study is as follows:

e Momentum and thermal boundary layer thickness for
SWCNTs-seawater is stronger than that of SWCNTs—wa-
ter with increase of the radiation parameter because of
low thermal conductivity of seawater.
Thermal boundary layer thickness for SWCNTs—seawater
is lower as compared to SWCNTs—water with increase of
magnetic parameter. It is clearly demonstrated that the
effect of thermal conductivity of SWCNTSs—seawater with
magnetic field can be treated as a means of controlling
the flow and heat transfer of the nanofluids.
It is interesting to note that the rate of heat transfer for
SWCNTs-seawater is stronger than that of SWCNTs-wa-
ter with increase of heat source because of the low strength
of heat capacitance of seawater.
It is clearly shown that the rate of heat transfer SWCNTs—
seawater is better than that of SWCNTs-water with
increase of porosity parameter because of the combined
effects of kinematic viscosity of SWCNTs—seawater with
permeability of wedge sheet.
The strength of rate of heat transfer of SWCNTs—seawater
is higher than that of SWCNTs-water with increase of
nanoparticle volume fraction and suction parameters since
the heated fluid is pushed toward the wall where the buoy-
ancy forces can act to retard the fluid due to high influence
of the viscosity of seawater.

e [t is concluded that the rate of heat transfer of Cu—seawater
is significantly stronger than all the other mixtures in the
flow regime because of the combined effects of density of
copper and seawater.

Seawater based SWCNTs have attracted good attention on
thermal boundary layer flow regime because of their remark-
able properties. Indeed, it was proved that the seawater based
single walled carbon nanotubes have a high thermal and
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electrical conductivity and efficient mechanical properties.
SWCNTs-seawater is expected to exhibit better heat transfer
properties compared with conventional heat transfer of
SWCNTs-water.
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