YMER || ISSN : 0044-0477 http://ymerdigital.com

Significance of Multiple Slip Effects on Falkner-Skan Wedge
Flow of Nanofluid with Nonlinear Thermal Radiation.

P. Mishra!, M.R. Acharya®
1 Research Scholar, CBSH, O.U.A.T, Bhubaneswar-751003, Odisha, India
Z*Department of Physics, CBSH, O.U.A.T, Bhubaneswar-751003, Odisha, India

Abstract

The liquid molecules slip at the solid surface for a length scale less than mean free path of
the molecules. The slip boundary conditions are essential to study fluid flow in nanoscale
level. Therefore it is proposed to study slip flow (both 1% and 2" order) in velocity,
temperature and concentration associated with a nanofluid past a wedge. The flow model
consists of Brownian motion, thermophoresis multiple slips of higher order and non-linear
thermal radiation. Transport equations are converted into third order ordinary differential
equations and then solved by using Runge-Kutta method. The 1% order slip parameter
increases the velocity and second order slip parameter diminishes velocity. Local heat
transfer coefficient drops due 1% order and 2" order slip parameters. However 1% order slip
parameter enhances volume fraction and 2" order slip parameter diminishes the volume
fraction. The effects of other parameters are calculated and depicted graphically.
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1. Introduction

During last few decades engineering and technology has contributed lot to the
development of thermal science. This is perhaps due to characteristics features of nanofluid.
In this context enhancement of thermal conductivity and heat transfer of nanofluid has been
studied extensively. Thermal conductivity of nanofluid is greater than thermal conductivity of
ordinary fluid was first presented by choi et al. [1]. Nanoparticle (<100 nm) in suspension of
base fluid can be prepared in following methods (i) one step method (ii) two step method and
(iii) new methods [2,3]. The advantages and disadvantages of all such methods are studied in
great extent by Yu and Xie [4]. Models involving transport of nanofluids can be presented by
using proposal of Buongiorno [5] or Tiwari and Das [6]. In this context Buongiorno’s model
with diffusion and thermophoresis are taken into account. This model consists of two
component and four equations two demonstrate nanofluid transport. Particularly
nanoparticles (Fe2Os, Al20s3, Al, Fe, Hg) in base fluid (H.O, C2HeO2) are used to make
nanofluids. Several models [7,8,9,10] have been proposed to study single phase model to
calculate physical properties relating to nanofluid flow. Sheikholeslami et al [11] have
investigated diffusion of thermophoresis parameter with magnetic field on nanofluid flow.
Semi-analytical and numerical approach [12] has been used to discuss convective heat
transfer of nanofluid. A study on two phase nanofluid MHD flow has been proposed to study
thermal radiation effect [13]. Ali et al [14] examined nanofluid flow over wedge using
Buongiorno’s model with the help of similarity solution. Temperature dependent heat source
in association with MHD nanofluid flow over a wedge has been studied by Mishra et al. [15].
Importance of thermodynamic irreversibility together with activation energy over a non-
isothermal wedge using Brownian diffusion has been investigated by Acharya et al. [16].

The mean velocity of fluid molecules cannot be equal to wall velocity for

a distance less or equal to mean free path under no slip boundary condition. Actually,
molecules slip at the solid wall for nanoscale system. Slip velocity is essential to predict flow
pattern. Slip models (1%
order, 2nd order etc.) are derived from kinetic theory and Fukut-Kaheko (F-K) model is the
computational solution of linearized Boltzmann equation-K model based on flow
configuration and
*Corresponding author, manasranjan_acharya@yahoo.co.in
not suitable for practical purpose. However, slip models tend to F-K model in the limit Kn<1
(Kn =A\/h) [17]. Where Kn denotes Knudsen number, A denotes mean free path and h
represents distance. So slip models in above limit are useful in technological processes. Slip
models move away from linearized Boltzmann solution with reference to high Knudsen
number. Lubrication of disk drive and flow inside a nano tube are few potential applications
of slip velocity in nanofluid flow.

Let us focus our attention to discuss wedge flow with slip boundary
conditions. At the outset Martin and Boyd [18] studied wedge flow with velocity slip along
with thermal jump. They noticed that rarefaction effect produces decrease in heat transfer.
Nanofluid flow over stretching surface using slip condition in velocity, temperature and
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concentration has been studied by Awais et al [19]. Liu et al [20] considered physical fluid
properties and higher order slip condition in velocity together with temperature jump to study
nanofluid flow over a wedge. They observed drop in velocity and temperature for higher
order slip and jump condition. Pandey and Kumar [21] investigated wedge flow with slip and
jump condition over a wedge in porous medium. They found reduction in thickness of
thermal boundary layer due to slip parameter. A different mass flux condition with Carreau
nanofluid over has been point of discussion [22]. In this case reduction in local Sherwood
number is observed due to decrease in velocity slip parameter. Keller —-Box scheme is applied
to solve slip condition with MHD nanofluid flow over a stretching sheet [23]. They pointed
out a drop in temperature and heat transfer rate with reference to slip parameter. Velocity slip
together with magnetized hybrid nanofluid flow has been examined by Kakar et al [24]. They
observed rise in rate of heat transfer with the rise in melting parameter.

On the basis of above discussion and to venture further in the era of nanofluid
flow over wedge, we proposed a mathematical model to represent Falkner-Skan wedge flow
with higher order slip in velocity, temperature and concentration incorporating Brownian
motion and thermophoresis. Additionally, study includes non-linear thermal radiation. The
fluid flow under slip condition differs in great extent from traditional flow.

2. Problem formulation

We consider a steady incompressible magnetized viscous nanofluid flow over a wedge. The
free stream velocity is mathematically expressed as power law index of downstream distance
x i.e U, = Uyx™. U, is proportionality constant and as assume to be positive (figure 1).

Exponent m is expressed in terms of Hartree pressure gradient parameter(m = ﬂ) Value

1-Bo
of m lies between 0 and 1 indicating a wedge flow problem for our investigation. The total
angle subtained by two edges of the wedge is Q = S,m and half angle between the initial
direction of flow and deviated flow on one surface of wedge is 8,7 /2. Flow over a horizontal

flat plate corresponds to m = 0 (8, = 0) and stagnation point flow over a vertical plate is

1

represented by m=1 (/30 = E)' The surface of the wedge is along x axis and y axis is

perpendicular to it. Temperature of surface T,,and nanoparticle fraction C,, are considered to
be constant. Surface temperature T, is greater than ambient temperature(T,, > T, ), Similarly
surface concentration fraction is more than ambient concentration C,,, (C,, > C) Non-linear
thermal radiation is also considered. The medium over the wedge is considered to be porous.
The slip condition is exhibited in a liquid at nanoscale level is nanofluid etc. which is
considered in experiments [25,26] describing molecular dynamics and velocity slip at the
surface. Similarly, there is a slip condition in temperature and concentration.
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Figure 1. Flow Past a Wedge in Porous Medium with Magnetic Field

Boundary layer equation including Brownian diffusion and thermophoresis can be written as
au

ax 5 =0
(1)
ou _ dUe 9%u |, oB? (x) _
u—+v a_ U,— — Va >+ (Ue(x) —u) + gBsinQ/2 (T — T,) +
gpB*sinQ/2(C — Cy) +; U, —u)
)
or O _ O, v (u acor | br (9T\*| _ 1 4
u6x+v5_a6y2+ (6y) +T[D36y6y+T (ay) ] pcp 0y
®)
oc , € _ p 9C Dr (9T
dx x T 175 = Dg 0y2  Te (63/2)
(4)
With the following boundary conditions
u = uslip , v=20 ) T = TW + Tslip C = CW+CSlip at y = 0
(5)
U =1u,(x) = Uyx™ v=0, T->T, , C-Cy as y —> o0
(6)

In this context of multiple slip conditions in velocity (1st order and 2nd order)

U= Ugip =

(7)
Here, [, and [, are 1st order and 2nd order velocity slip parameters respectively. Similarly,
1st order and 2nd order slip conditions in temperature and concentration can be written as

ll 3y ~ + lz ay
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aT a%r
Tslip =N 5 +n, ﬁ
(8)
n,and n, are 1st order and 2nd order temperature slip parameter respectively.
ac a%c
Cslip =m 5 +m; a_yz
9)

m, and m, are 1% and 2nd order concentration slip parameter respectively. Where a = k/pcp

(mz/s) is the thermal diffusion parameter, = is the ratio of specific heat capacity of

nanoparticle and base fluid, T = (pc),/(pc)pr.c, is the specific heat, p is the density of fluid
and k is the thermal conductivity. Dy is the Brownian diffusion coefficient and Dy is the
thermophoretic diffusion coefficient. g, is the radiative heat flux. Utilizing the Roseland
approximation for optically thick condition g,.-an be expressed as

405p OT*
qr = _?S:?E
(10)
Where a5 is the Stefan-Boltzmann constant. (g = 5.6647 X 10~ 8wm™2k~*) and k* is the
mean absorption coefficient. Roseland approximation extends the Prandtl number by a factor
of thermal radiation. It is to note that due to presence of thermal radiation energy equation is
non-linear [27]. So

ar 3k dy

(11)

At the end, the quantities relevant to engineering and technology field are evaluated. The
Skin friction coefficient C f, local heat transfer coefficient (Nusselt number) Nux and local
mass transfer coefficient (Sherwood number) Shx are defined

__ —1léosp T3 6_T

_ (Tw)y=0 _ a_u . -
C = U and Ty = U <6y)y=o is the wall tangential stress.
_ Xqw — — 6_T
(12) Nu, = k(Tyy—Too) and Qw =~k (ay)y=0 +(@r)y=o
x my, _ %
3 She=gem and =00 (55),
(14)

3. Scheme of Solution
Introducing similarity variable for non-dimensional case,

, = (wx_””l)l/ZZ

v X

¥ = (WUox™ )2 F(n)
(15)
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T—Teo
Ty () —Too

C—Coo

6(n) = , p(n) =

Cw(x)—Coo

Temperature and concentration of wall can be expressed as

Cy = Co + hx?" (16)
Here, v is the stream function, which satisfy the continuity equation (1). Therefore,
= and =
- ady v= ox
(17)

Now substituting equations (11, 15, 16 and 17) in equations (2, 3, 4), we have

F" — [mF' — (mT“) FF" —=m] + (M + ky)(1 = F") + A7sin(Q/2)6 + Aysin(Q/2)¢ = 0

(18)
2nF'0 — (") FO' = &+ Ec(F")? + Ny’ + N.(6')
14 A1
+ - Ng[{1+6(6,, — 1)}°6']
(19)
" nmNe r g mtl /
¢ +6 N—b—LePr(ZnFq,’) - F¢)
(20)

Prime denotes differentiation with respect to n. The non-dimensional quantities are

2
M = % (Magnetic parameter)
vx(;_m .-
k, = T (Permeability parameter)
0
Ap = W = g—:’; (Thermal convective parameter)
0 X

The ratio of buoyancy force to inertia force is represented by At. This parameter is also called
as mixed convection parameter. Free convection region is represented by At >> 1. Forced
convection regions denoted by At <<1. Free and forced convection region are of comparable
magnitude when At =1.

A, = 9B x(Cw(x)—Ceo) — Gmy
M UZx2m Rex?
Pr = E (Prandtl number
_ KgT
- 3npdy

(Mass convective parameter)

B (Brownian diffusion coefficient)

Where Kj the Boltzmann is constant, u is the nanofluid viscosity, d,, is the particle diameter.
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Dy = Puc (Thermal diffusion coefficient)
p

B = 0.26ks/(2ks + k) is the thermophoretic coefficient. k; and k, denote the thermal
conductivity of the fluid and nanoparticle respectively.

2m
N, = % (Brownian diffusion parameter)
2n
N, = % (Thermophoretic parameter)
N =1/ % (Radiation parameter)
2
Ec= — 2 (Eckert number)
CP(Tw(x)-Teoo)
6, = ;—W (>1) (Temperature ratio parameter)
Le = — (Lewis number)
Dp

In view of transformations (5), (6), (7), (8) and (9) new boundary conditions are

F'(0) = a,F (0) + a,F " (0)
(21)

F(0)= 0 at n=0
(22)
Where

Uy Y m=a . .
) X 2 (1st order velocity slip parameter)

a1 =P1 (
a, =p, %xm‘l (2nd order velocity slip parameter)

6(0) =1+ 7,6 (0) + y,6 (0) atn =0 (23)
Where

v

U Y, m-1 .
Y1 =1 (7) X 2 (1storder temperature slip parameter)

Yo =N, (%) x™m1 (2nd order temperature slip parameter)

$(0) = 1+ 8,¢'(0) + 8,9 (0) at n=0
(24)

Where
1

m-—1
) e (1st order concentration slip parameter)

6, =m, (%) xm1 (2nd order concentration slip parameter)

F'(o0) = , 6(0) =0 , ¢(0) =0

VOLUME 21 : ISSUE 12 (Dec) - 2022 Page No0:2359



YMER || ISSN : 0044-0477

At last the dimensionless skin friction coefficient, local heat transfer coefficient and mass
transfer coefficient are derived from equations (12), (13) and (14) respectively.

CfRexl/z — F”(O)
(26)
Nu,Re, 72 =—6'(0)[1 +

4Ng

2 {1+ (6, — DOO)}]

27) Shy, = —¢'(0)Re.’?
(28)

4. Results and Discussion

The boundary value problem relating to nonlinear ordinary differential equation has been
solved by employing fourth order Runge-Kutta method in association with shooting
technique. The source of error may rise due to infinite boundary condition. In order to make
numerical domain finite, we considered computational domain to be sufficiently large. The
grid size is considered as 0.01 to achieve accuracy of the order of 10°.The value of different
parameters used are takenas M =1, m=0.01, A, =4, =0.01, Nt=0.3,Nb=Nr=Ec=0.5,

Kl = 05, Pr :1, HW :12, Le :1’ IB — 05, al — az — 001, ,
7=7,=016=5,=00L,n=05.
4.1 Validation

In order to obtain accuracy of numerical results achieved in this analysis, first of all we
verified our results under simplified assumption with previously published papers. We have
calculated skin friction coefficient and compared the results with Ariel [28], Srnivasacharya
et al. [29] and Mishra et al. [15] and conclude that results are in excellent agreement as
shown in tablel.

Table 1. Skin Friction Coefficient F” (0) for Several Values of Magnetic Parameter M

http://ymerdigital.com

M Ariel [28] Srinivasacharya Mishra et al | Present
et al [29] [15]

0 1.232588 1.232587 1.232587 1.232645
1 1.585331 1.585330 1.58533 1.585110
4 2.34663 2.346869 2.346661 2.346700
25 5.147965 5.147964 5.147959 5.147865

100 10.074741 10.074741 10.974733 10.074770
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4.2 Velocity Characteristics of Nanofluid over wedge

5 6

Figure 2. Velocity Profiles for Several Values of o
Dimensionless velocity profiles for several values of Bo are shown in figure 2. This plot
signifies two kinds of wedge flow namely (i) flow over a flat plate (fo=0) and stagnation flow
(Bo=1). Physically this shows, how boundary layer behaves to pressure gradient. Flow pattern
indicates increase in velocity from flow over flat plate to flow over wedge. However, flow
reversal occurs at 1=0.8.

«,=0.0,0.2,04,06

0 1 2 3 4 5 6
n
Figure 3. Dependence of Velocity Parameter for Several Values of ay

Variation of fluid velocity for several values of 1% order slip parameter are depicted in figure
3. Sharp increase in velocity is observed with rise inlst order slip parameter corresponding to
non-dimensional parameter in the range 0< n>3.Thicknes of velocity field falls in enhancing
1% order slip parameter. Away from the surface i.e., n > 3 slip effects disappears and velocity
become constant. Physically the velocity gradient at the wall is maximum and minimum at
the free stream. This implies velocity gradient is not linear across boundary layer. In this
context increasing 1% order slip parameter the velocity of flow increases.

1.5 T

£ ,=02,04,06,08
-

n

Figure 4. Dependence of Velocity Parameter for Several Values of a,
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We have studied the effect of second order slip parameter on velocity profiles (figure 4).
Liquid molecules strike the surface in all direction. The net momentum transfer on the wall is
contributed by molecules striking the surface and molecules reflected back from the surface.
This is the contribution of second order slip parameter therefore velocity drops due to rise in
second order slip parameter.

0 1 2 3 4 5 6
7
Figure 5. Dependence of Velocity Parameter for Several Values of K1
Impact of permeability parameter is reflected in figure.5. Permeability increases means
porosity reduces causing velocity of flow to raise. This is interpreted with the fact that
thickness of velocity field decreases. Away from the surface n> 3 velocities are independent

of permeability parameter.

Ay =0-2,03,04,05

Figure 6. Dependence of Velocity Parameter on Several Values of 4,

0.8

0.6

f(n)

A;=02,03,04,05
0.4 -
0.812

0.2
0.81

12 121 122 123 124

o 1 2 s 4 5 s
n
Figure 7. Dependence of Velocity Parameter for Several Values of Ay
Figure 6 and 7 represents effects of mass convective parameter and thermal convective
parameter on velocity profiles. Rise in thermal convective parameter or mass convective

parameter implies temperature or concentration is more near the wall. That effectively
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enhances the temperature or concentration on the wall. Subsequently temperature field or
concentration field thickness reduces.

(n)

0 1 2 3 4 5 6
n
Figure 8. Dependence of Velocity Parameter on Several Values of M
Magnetic field (figure 8) has significant effect on velocity field. Velocity profiles for
different values of M are shown above. In the absence of magnetic field (M=0) viscosity
dominates the flow and velocity reduces. For large values of M  viscosity significantly falls

causing velocity of fluid flow increases.

4.3 Temperature Characteristics of Nanofluid Flow

1.2 T T

1

0.8

Figure 9. Temperature Profiles for Different Values of Eckert Number Ec
Viscous dissipation parameter (Ec) signifies conversion of Kkinetic energy into potential
energy by virtue of doing work against stress of viscous fluid. Large values of Ec signifies
rise in temperature due to frictional force. For higher values of Ec inflection point tries to
occur near the surface and falls rapidly to zero value away from the surface (figure 9).
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7,=0.0,02,0.4,06

Figure 10. Temperature Profiles for Several Values of 15t Order Temperature Slip
Parameter y4
For continuum flow (high density) temperature of surface is assumed to be wall temperature.
But in case of low-density molecular flow and wall temperature is different from surface
temperature causing temperature gradient to exist. For higher values of 1% order slip

parameter temperature gradient is less. Temperature decreases slowly to zero value (figure
10).

7,=0.0,02,04,0.6

5 0(n)

-2.5

0 1 2 3 4 5 6
n
Figure 11. Effect of 2" Order Slip Parameter on Temperature y,
This effect is quite interesting. Temperature reversal occur causing wall temperature to be
less than ambient. Therefore heat flows from surface to wall (cold wall conditions). Higher
values of parameter mean temperature falls slowly compared to large value of 2nd order slip
parameter (figure 11).

Nb=0,1,2,3

1] 1 2 3 4 5 6
n

Figure 12. Temperature Profiles vs. Ny,
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081

0.6 Nt=0,1,2,3

0(n)

04r

0.2

0

o 1 2 3 4 5 s
n
Figure 13. Temperature Profiles vs N,
Figures 12 and 13 describe dependence of temperature on Diffusion parameter N, and
N, Thermophoresis parameter Nt. In both cases temperature starts from unity value at the
surface and decreases to zero value away from the surface. However, temperature gradient is

more for small values of N, and N, than for large values of N, and N, respectively.

Nr=0,2,57

0.2

o ‘ ‘ ‘ ‘
0 1 2 3 4 5 6
n
Figure 14. Variation of Temperature with Thermal Radiation Nr
Figure 14 deals with variation of temperature with thermal radiation parameter. Heat transfer
is contributed by (i) Heat transfer due convection and (ii) Heat transfer due to radiation. More
and more heat is transported from surface to fluid causing an increase in temperature of fluid.

These variations are shown above.

1.6 1.8 2
6 =0.2,04,0.60.8
w

Figure 15. Variation of Temperature Profiles for Different Values of Temperature Ratio
Parameter 6,,
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Temperature profiles for different values of temperature ratio parameter are depicted in figure
15. This effect are due to the extra source in the boundary layer. Because of this additional
term in energy equation, more heat is transferred to fluid causing an increase in temperature

of fluid.

4.4 Concentration Characteristics of Nanofluid Flow

61 =0.2,04,0.6

Figure 16. Concentration Characteristics for Different VValues of 15t Order Slip
Parameter 64

1.4

1.2

1

0.8
4,=0,0.2,04,06

o(n)

0.6 -

0.4r

0.2

0 . . .
(1] 1 2 3 4 5 6 7 8
n

Figure 17. Concentration Characteristics for Different Values of 2" Order Slip
Parameter 6,

Volume fraction profiles for several values of 1% order slip parameter and 2" order slip
parameter are depicted in figures 16 and 17 respectively. Near the molecular density is large.
Therefore, more molecules strikes the surface. This leads to enhancement in volume fraction.
However away from the surface molecular density falls. This tends to decrease in volume
fraction away from the surface. Slip effects is prominent near the wall. Beyond n> 3 slip

effects diminishes.
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n
Figure 18. Volume Fraction Variations with respect to Lewis Number Le

Lewis number established a relation between mass transport to heat transport in presence of
heat and mass transfer in case of fluid. Larger Le indicates mass transport being more than
heat transport. Therefore, more mass being transfer from surface to fluid. Hence volume
fraction near the surface drops sharply as indicated in figure 18. However, in all cases volume
fraction attains maximum value at the wall and gradually reduces to zero away from the
surface.
Skin friction coefficient is shown in Table 2 for different values of physical parameters.
Magnetic field causes induction drag and this drag is small when M is small. In that case skin
friction is contributed by viscous drag alone. But the application of magnetic field in presence
of viscous drag enhances the skin friction further. Increase in 1% order slip brings about
decrease in skin friction and 2" order slip parameter brings about increase in skin friction. in
Besides permeability parameter, thermal convective parameter and mass convective
parameter increase the skin friction coefficient.

Table 2. Calculation of Skin Friction Coefficients for VVarious Values of Physical
Parameters

ay az Ky Ar Am CfRexl/Z
1.2728
1.6302
1.9308
1.6289
0.01 1.654
0.02 1.6289
0.03 1.6044
0.04 1.5806
0.01 0.01 1.654
0.02 1.694
0.03 1.736
0.04 1.7801
0.01 2.0678
2.3237
2.5616
2.7864

Pl w| N e T

[o2 2NN I OV]
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1.8171
2.0829
1.6616
2.6056
1.2953
1.37
1.4321
1.7564

NIO1 B WN

AWIN| -

Local heat transfer coefficient is tabulated for various values of physical parameter (table 3).
Increasing Prandtl number implies reduction in thermal diffusivity, which cause fall in heat
transfer coefficient. Thermal radiation adds to thermal diffusion initially present in the model.
This extra term causes increase in heat transfer coefficient. Viscous dissipation causes
temperature of wall to rise. This resulted in higher differential temperature and ultimately
higher heat transfer coefficient. It is interesting to discuss effects of 1% order and 2" order
slip parameter on Nusselt number. It is noteworthy to mention that slip effect is contributed
by molecular diffusion. Heat is carried by molecules and transfer it to the wall when it strikes
the wall. Therefore, reduction in heat transfer coefficient is observed.

Table 3. Calculation of Heat transfer coefficient for various values of physical
parameters.

Pr Nr Ec V1 V2 Nu,Re, /2
2 5 0.4 0.7 -0.6597
-0.5965
-0.4607
-0.3064
-1.3835
-2.1455
-2.8325
-3.4882
-0.4209

0.5433

1.52

2.5061
0.2 -0.566
0.4 -0.4901
0.6 -0.4309
0.8 -0.3838
0.4 0.1 -0.5925
0.3 -0.4685
0.5 -0.3717

R W N

Nl BN

R0 W]

0.7 -0.2858
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Lewis number ordinarily concern with mass transfer and heat transfer. Higher Lewis number
increases mass transfer ratio. Brownian diffusion parameter as well thermophoretic parameter
diminishes local Sherwood number. It is pertinent to mention the effect of slip parameter. Ist
order slip parameter alone reduces mass transfer coefficient, while 2" order slip parameter
together with 1% order slip parameter raise the Nusselt’s number.

Table 4. Calculation of Mass Transfer Coefficient for Various Values of Physical

Parameters.

Le N, N, 5, 5, Sh,Re, /2
0.4 -0.7761
-1.0422
-1.353
1.2174
0.2 -1.353
0.4 -0.7796
0.6 -0.7741
0.8 -0.7718
0.4 0.1 -0.7702
0.4 -0.7638
0.2 -0.7537
0.3 -0.7404
0.3 0.1 -0.7285
0.2 -0.6771
0.3 -0.6345
0.4 -0.5969
0.1 0.2 -0.8832
0.4 -0.9975
0.6 -1.1134
0.8 -1.2308

RNl w N e

5. Conclusions
Heat and mass transfer analysis of nanofluid has been analysed considering Brownian motion
and thermophoresis together with non-linear thermal radiation. Since the fluid under
discussion is in nanoscale level, it is essential to consider higher order slip effects. Flow
behaviour in relation to different physical parameters are calculated numerically and depicted
graphically. The results obtained are outlined here.

0] Behaviour of boundary layer with respect to pressure gradient are depicted. It is observed that
velocity of wedge flow increases with respect to wedge angle.

(i)  When M=0, velocity alone controls the flow. For large value of M, both induction drag and
viscous drag control the flow. Because of additional drag skin friction coefficient decreases.

(ili))  For a medium with large porosity, permeability to the flow decreases and that result in
decrease in velocity.
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(iv)  Slip effects in velocity are important particularly flow in nanoscale level. According to
kinetic theory net momentum transfer depends on molecules striking the wall and molecules
diffusively reflected back.1 order slip increases velocity and 2" order decreases velocity.

(V) For 1% order slip (large y1) temperature gradient is small, therefore less heat is being
transported to fluid raising surface temperature. However, temperature gradient is more in
case of second order slip causing temperature of surface to fall.

(vi)  Incase high density molecular flow temperature of wall is same as that of surface.

But in case low density flow there exist a temperature gradient between the surface and wall.

(vii)  Effects of Brownian diffusion parameter and thermophoresis parameter are significant near
the surface and reduce gradually to zero value away from the surface.

(viii) Effect of second order slip parameter with 1t order slip parameter is more than the 1% order
slip parameter alone. Slip parameter effects are significant near the wall and reduces to zero
away from the surface.

(ix)  Large Lewis number indicate sharp fall in volume fraction compared to small Lewis number.
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