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attempt focuses on relative study on the Blasius flow case and Sakiadis flow
case. Further, thermophoresis, Brownian motion, magneto hydrodynamics, viscous
dissipation and heat radiation are also accounted. The transformation of flow The
current governing equations to ODEs (ordinary differential equations) with the aid

of appropriate transformations is also investigated. Runge-Kutta method is acquired
for the reliable and presentable results. The influence of various involved flow
variables such as temperature, Nusselt number, velocity and skin friction are
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discussed graphically. The foremost physical implication of the result is that the
passive and active flow conditions are controls the whole thermal, velocity and
diffusion boundary layer. From this we can conclude that based on the situation we
can use active or passive flow condition cases.

Keywords: Active and passive Controls, Viscous dissipation, Chemical reaction,
Magnetohydrodynamic, variable conductivity, Thermal radiation.

I. INTRODUCTION

In the present era, researchers have made a major
breakthrough in Nanoscience and nanotechnology.
Advancement in nanotechnologies finds numerous
engineering  applications in  microelectronics,
metallurgy, solar energy applications, car engines,
computer chips, food processing etc. Even though
numerous techniques are applied to upgrade the rate
of heat transport, their performance is continually
constrained due to limited conductivity of the heat
transfer fluids that fetch limitations in compactness
and performance augmentation in heat exchangers.
Dissipating higher heat loads has become a great
challenge.Choi [1] proposed the theory of
suspending nano particles in fluid base and observed
improvement in thermal performance. Further
researchers [2-6] has established that heat absorption
propensity of nanofluids is more efficient than the
traditional fluids. Buongiorno [7] based on
thermophoresis and Brownian motion developed
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convection models in nanofluid. He affirmed that,
abnormality in the heat transport takes owing to the
random movement of particles in a liquid. Raju et al.
[8] analyzed transport phenomenon of radiated
saturated porous slenders with three revolutions
considering Buongiorno's model. Wakif et al. [9]
discussed the stability of thermo-hydrodynamic
aqueous nanofluids loaded with metal nanoparticles
by applying Buongiorno’s mathematical model.
Rashid et al. [10] investigated non-Newtonian fluid
considering slip and multiple convective boundary
conditions taking into account of Thermophoresis
and Brownian motion.

Aziz [11] investigated the radiation effect on heat
transfer and fluid flow on stretching surface.
Animasaun et al. [12] considered uneven diffusion
cases in both the homogeneous and heterogeneous
reactions of viscoelastic fluid in the attendance of
nonlinear thermal radiation and induced magnetic-
field. Babu et al. [13] studied on Ferro fluids
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stagnation point flow by considering nonlinear
thermal radiation and magnetic field effect. A study
related to magnetic effects in the electrically
conducting fluids is known by Magneto
hydrodynamics (MHD). Over the years, researchers
have addressed that in processes such as solar wind,
earth magnetic field, fusion, star formation, X-ray
radiation, polymer film, tumor therapy, plasmas etc.
MHD has immense involvement. In view of these
physical applications, Turkyilmazoglu [14] solved
analytically the nonlinearly deforming permeable
surface induced mixed convection MHD fluid flow.
Hussain et al. [15] studied collective effects of MHD
as well as radiation on elastic-viscous fluid flowing
along pervious plate. Mamatha et al. [16] took up
theoretically investigated Magneto hydrodynamics
flow in Carreau fluid comprising dust and Graphene
Nanoparticles.

Researchers are  mesmerized about the

performance and fluid flow characteristics over the
sheet and plate. Blasius [17] in 1908 discussed
theoretically the induced boundary layer flow along
a stationary surface moving at constant velocity.
There after Howarth [18] obtained numerical
solution of Blasius equation. A Similar kind of flow
problem occurring on a moving plane surface was
addressed by Sakiadis [19] in 1961. Devi and
Suriyakumar [20] investigated the magnetic field
effect on the classical Sakiadis and Blasius nanofluid
flow cases. Priyadharshini et al.
Considering the above-mentioned engineering and
industrial applications of nanofluid, MHD, Radiation
in the field of heating and cooling systems, the
present investigation is carried out to explore the
impacts of radiations, viscous dissipation,
Thermophoresis and Brownian motion on MHD
Blasius and Sakiadis flow. Numerical technique will
be enforced to acquire reliable and presentable
results.

Mathematical Formulation
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Considering the natural steady flow convection of
Blasius and Sakiadis MHD fluids at varying thermal
conductivity over porous layers. The thermal and
concentration boundary layers are controlled by
combined impacts of viscous dissipation, Brownian
motion, thermal radiation and thermophoresis with
active and passive control of nanomaterial’s
conditions. The Cartesian system is present at the
leading edge with the +ve x- axis increasing along
surface direction and y-axis considered opposite to
direction of flow with U (x) =ax representing the

stretching velocity. The effect of magnetic field that
is induced is deserted assuming low value of
Reynolds number. The conductivity parameter varies
linearly with change in temperature. By taking these
assumptions, according to the Bossinessq boundary
layer approximation the equations for heat, mass
transfer and convective flow of the Blasius flow case
and Sakiadis flow case are:

i=U,.T=T,.C=C,asy >« u=0T=T.C=C, a5 y >«

| "]
o !
: 3
| c
E>‘ porous 3
y ﬁ ﬁ layer ‘g
u=0 Momentum E:> g
boundary layer | j
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P, | |
/ ) @00 0
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o
:>~ G :
Blasius Flow Sakiadis Flow E’
=
v=0u=0, T=I, v=0u=U,, T=T,
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%

Fig.1 The flow configuration model
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6x+ dy B6y+

Dr
Teo
the boundary conditions include

Passive control of nanomaterial’s:
v=0,u=0T=

a
TW,DBa +Dg > +D—T—T

i) Blasius problem
0,aty =

ou=U0,,T=T,C=Cs,as y—

wasy — o (5)
i) Sakiadis problem v =0,u=U,,T =

Dr oT

TW,DBg—i e =0aty=0u=0T=

T,,C =Cyxasy — © (6)

The active control of nanomaterial

iii) Blasius problem v =0,u =0,T =
T,,C=C,aty=0
u=U,T=T,C=Cs,asy—

0 asy — o (7

iv) Sakiadis problemv = 0,u =U,,,T =

T,,C=C,aty =0
u=0,T=T,,C=Cyxasy— o (8)

It is assumed that the thermal conductivity is vary

proportionally with temperature as:
K(T) = Koy (1 + 5= (T = o)) 9)

Here AT = (T, — T.,),
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With an intention to transforms equations (2)-(4) to
coupled ordinary differential equations, these forms

of

Uw(x)and Tw(x) were choosen.

The functions f and § defines & ¢

{=y \f W = (0,02 (),00) =

(T-Teo)
(Tw~To)’

(€—Co)
(Cw—Cx)

000 =
(10)

Stream function ¥(x,y) is given by (u,v) = (g_l:' —

%)
By substituting Eqg. (10) into Equations (2)-(4) and
making use of Egs. (7), (8) and (9) we obtain
f o ff —f2+10+20—-M+Kf =
0(11)
— (0" +e0+260") + Ecf"* + Quf +5-0" +
f0 +Nt6'2 +NbO'® =0

(12)
20" +f0 +0" —Krgn =0 (13)
Le Nb
The boundary conditions of Passive control flow

i) Blasius flow case

£(0) =0, (0) =0,Nb® (0) + Nto' (0) =
0,6(0) =1, () = 1,6(c0) = 0,0(0) =0
(14)
i) Sakiadis flow case
£(0) =0,f (0) =1,Nb® (0) + Nt& (0)
=0,0(0) = 1,f (®) = 0,6(c)
=0,0(») =0
(15)
Active control flow conditions

) Blasius flow case
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f(0)=0,£(0)=0,8(0) =1,6(0) = 1,f () =
1,0(0) =0,0(0) =0 (16)
i) Sakiadis flow case
f(0)=0,£(0) =1,8(0) = 1,6(0) =
1f () = 0,@(0) =0 (17)
here a prime denotes differentiation with respect to

4

Xqw

= o587 Nity = G0, Shy = 5= —(18)
Where the
7,,_ Skin friction
a, J, - Heat and mass transfer
d d
Ty = 1G)y=0 Qw = = (55 KTy,
(—)y -0 (16)

Substituting Esg. (10) into (15) and (16), we obtain
Rel*cf = £" (0),Re,/*Nu =
—(1+3R+e6'(0)2 +

0’0, Rex—1/2Sh=—0"(0) (17)

Reynolds number Re, = U,,x/V¢

Il. RESULTS AND DISCUSSION
The solutions for velocity and temperature parameter
were obtained graphically for varying magnetic field
thermal radiation and

values, conductivity,

buoyancy, Eckert number, Brownian motion and
reaction rates encountered in the research problem.
The influence of physical parameters of flow on
Nusselt and Sherwood numbers and skin-friction
coefficient are illustrating for Blasius and Sakiadis
flow cases. The non-dimensional parameter chosen
the

for study
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Ec=02K =051, =34 =1Le=03,Nt=0.2,Nb=0.3,R

that remains similar throughout the study. The
graphs in magenta and green demonstrates passive
flow condition, Red and Blue indicates active flow
conditions as well as solid lines represent Sakiadis
flow case and dashed line indicates Blasius flow
cases .

From Table 2 one can notice the variation in

1 1
Skin(% CrxRel), Nusselt(%NuxRexz) and Sherwood

number

1
(%thRexz) for various physical parameter values

for passive flow Condition and active flow

Condition for Sakiadis flow. It is observed that
1

(% Cfoef), is increasing function for improvement
in R,Nband Ec and decreasing function for

improvement in Nt, Q,,M and K. Nusselt number

1
(%NuxRexz) increases with rising values of R and

1
Qy - (%NuxRexz) decreases with improvement in
M,Ecand K. It is that

also  noticed

1

(%NuxRex_E)show mixed performance for the

improving values of Ntand Nb. Sherwood number

1
(%thRexz)improves with rising values of

1

R, Nb,M, Ecand K.(%thRex_E) decrease for the

rising values of Ntand Q, .
1
Table 3 portray the variation in Skin(%Cfoei), :

1
Nusselt(%NuxRexz) and  Sherwood  number

1
(%thRexz) for different values of physical
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parameters for passive flow Condition and active

flow Condition for Blasius flow. In Blasius flow

1
condition (%Cfoei), increases for the improving

1
values of R, Nt,NbandEc. (% CrxRe?l), declines for

1

improvement in Q,,M andK. (%NuxRex_E)

elevates with improvement in R, Nt,Q, and

depreciates for rising values of Nb,M,EcandK.

1
(%thRexz) performance is increasing function for

1
improvement in  RandNb. (%thRex )

depreciates for the rising values of Nt,Q,,M, Ecand

K. At the end, it is very clear that Sakiadis flow
shows lesser Sherwood number, skin friction and
Nusselt number and compared to Blasius flow.

Figs. 2 to 4 displays the influence of thermal
radiation on concentration velocity and temperature
active and passive flows as well as Blasius flow case
and Sakiadis flow cases. Thermal radiation improves
temperature s well as velocity fields where as
concentration shows mixed performance. As we
expected rising in thermal radiation creates heat in
the flow that encourages temperature, velocity field.
Interestingly, the concentration field shows mixed
behavior in passive flow condition due to the
The

thermophoresis these fields are shown in Figs. 5to 7.

particles moving randomly. impact of
From this it is clear that Nt shows decrement in
temperature and mixed behavior in velocity and
concentration fields (Passive flow condition). From
Figs. 8 to 10 clear that the velocity reduces and

concentration fields shows mixed performance in
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passive flow condition case, whereas the temperature
field is increased as the particles move randomly.
The effect of heat source on these profiles have been
shown in Figs. 11 to 13 by these figures we conclude
that the temperature and velocity profiles are
reduced and concentration profiles are grown in both
the active and passive flow conditions. In study, we
considered the heat absorption parameter is
responsible in decrease of temperature field. Figs.
14-16 indicates the impact of M on temperature,
velocity and concentration profiles, by these graph
that increases
of both

Blasius and Sakiadis boundary layer, compare to

we analyzed magnetic field

temperature and reduced the velocity

velocity profile of active flow case the velocity
profile of passive flow condition are low. Figs. 17-
21 indicate temperature profiles and effects of

dimensionless variables.

Green & Magenta : Passive flow condition
Blue & Red : Active flow condition

-----

Solid Lines  : Sakiadis flow
Dashed Lines : Blasius flow

0 1 2 3 4 5 6 7 8
¢

Fig.2: Velocity variation with R values
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0.3 3
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Fig.3: Temperature variation with R valyes
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Fig.5 Velocity variation at different Nt
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Fig.6 Temperature variation at different Nt
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Fig.7 Concentration variations at different Nt
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Fig.8 Temperature variation at different Nb

1 T T T T T T T

Green & Magenta : Passive flow condition
Blue & Red : Active flow condition

0.5f o g
X Nb=0.2,0.5,0.8

’ Solid Lines : Sakiadis flow
Dashed Lines : Blasius flow

05 L L L L L L L
o 1 2 3 4 5 6 7 8

<

Fig.9 Concentration variation at different Nb
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Green & Magental: Passive flow condition
Blue & Red : Active flow condition
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Fig.12 Temperature variation at different Q,,
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Fig.13 Concentration variation with Q,,
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Fig.15 Temperature variation with M
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Fig.16 Concentration variation with M

Fig.20 Temperature variation with K
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Fig.21 Concentration variation with K
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Table 1: Comparison of some of the values of wall
temperature gradient —6 (0) obtained by Grubka and

Bobba [24], Ali [25] and Ishak et al. [26] when
Ec=K=Nt=Nb=Kr=R=0.

Table 1 Variation in values of Skin (%Cfx Rei/z) ,
L \u Re
Nusselt > Nu, Re,”? | and Sherwood number

[% Sh, Rex%j for different values of physical

parameters for Passive Flow Condition for Sakiadis

flow and Blasius flow.
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Pr | Grubka | Ali Ishak et | Present
and [25] al. [26] | results
Bobba
[24]

0.01 | 0.0197 0.0197 | 0.019723

072 | 0.8086 | 08058 | 0.8086 | 0.808836

1.0 | 1.0000 | 09961 | 1.00000 | 1.000000

3.0 [1.9237 | 19144 1.9237 | 1.923687

10.0| 3.7207 | 3.7006 | 3.7207 | 3.720788

10.0| 12.2940 12.2941 | 12.30039

Table 2 Variation in values of Skin(%cfX Rex%) :
. 4
Nusselt > Nu, Re, /2| and Sherwood number

(%th Re;%j for different values of physical

parameters for Active Flow Condition for Sakiadis
flow and Blasius flow.

RN\ Nb| Qg | M) el (Lo, et (Lo re |
L2 o) vz )
Sakiadis Blasius Sakiadis Blasius Sakiadis Blasius
flow flow flow flow flow flow
1 0141279 0622136 3718170 3787366 | -0243018 0.580744
2 0.196739 0663895 4.644282 4725415 | -0203697 0.619768
3 0230841 0.692790 5466432 5.534019 | -0.180411 0.642153
02 0097329 0587438 3183045 3242720 | -0275588 0.547452
04 0035013 0616341 3183328 3250820 | -0551226 0424053
06 -0029556 | 0.644663 3181604 3236698 | -0.826391 0.303006
0.2 0.063934 0.600228 3.186040 3276517 | -0413888 0.482008
0.5 0.121996 0578687 3179572 3193108 | -0.165173 0.599925
08 0135693 0576093 3177476 3.130792 | -0.103165 0.629807
02 0097329 0587438 3183045 32427290 | -0275588 0.547452
035 0.064668 0563388 3404811 3548103 | -0302581 0.521513
08 0033616 0542001 3783057 3.830671 | -0327537 0.497261
1 -0.156069 0322264 3063819 3.141275 | -0265266 0.525571
2 -0.580473 -0.136413 2852007 2054348 | -0246935 0.487062
3 -0951659 -0523135 2675001 2791336 | -0231602 0454723
1 0111904 03599835 3125901 3132076 | -0270641 0.547249
3 0.146246 0614031 2992076 -0250132 0.546977
5 0.177931 0629604 2870878 2.852766 | -0248561 0.546686
1 | -0.156069 0322264 3063819 3.141275 | -0265266 0.525571
2 | -0589473 | -0.136413 | 2.852007 2034348 | -0246035 0.487062
3 | -0951659 | -0.523135 | 2.675001 2.701336 | -0231602 0.434723
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BN NB| O M ek \/lc, ref | (L re ) \flsir. Rk |
27 ) 2 ) 27 )
Sakiadis | Blasins Sakiadis | Blasius Sakiadis | Blasius
flow flow flow flow flow flow
1 1.762482 | 2.333030 3.077939 | 3.126%02 |-0.201173 | 0.472776
2 1.814676 | 2371877 3.992797 | 4.058569 |-0.175123 | 0.502185
3 1.847794 | 2396390 4814043 | 4.890410 |-0.15887% | 0.519603
02 1.722525 | 2303057 2558602 | 2.594545 | -0.221524 | 0.448541
04 1.618727 | 2329032 2550029 | 2.594316 |-0.441563 | 0.362125
0.6 1.507575 | 2.354550 2.538296 | 2.592529 |-0.6592%8 | 0.277480
02 1.670926 | 2314276 2557489 | 2.621686 |-0.332141 | 0.402061
0s 1.762554 | 2295678 2558930 | 2.552661 -0.132931 | 0.485875
0s 1.784607 | 2.293997 2558917 | 2.498289 |-0.083082 | 0.507261
02 1.722525 | 2303057 2558602 | 2.594545 | -0.221524 | 0.448541
03 1.682898 | 2277490 2.882325 |2.909339 |-0.249552 | 0.422458
08 1.647094 | 2.254467 3.183070 |3.202059 |-0.2755%0 | 0.397856
1 1.585844 | 2.148895 2459964 | 2.514288 |-0.212984 | 0.425349
2 1.378952 | 1.807436 2.300729 | 2.379708 | -0.199197 | 0.387147
3 1.229846 | 1.727221 2.178577 | 2.271115 | -0.188621 | 0.356831
1 1.805656 | 2337467 1937123 | 1.621098 |-0.167716 | 0.447802
3 2.072073 | 2.383539 -0.272103 | 0.298385 | 0.023559 | 0.447026
5 24806845 | 2.433613  -4.304029 | -1.161177 | 0.372643 | 0.446339
1 1.585844 | 2.148895 24359964 | 2.514288 | -0.212984 | 0.423349
2 [1.378952 | 1.907436 2300729 |2.379708 [-0.199197 | 0.387147
3 [ 1.229846 | 1.727221 2178377 (2271113 |[-0.188621 | 0.356831

I1l. CONCLUSION
current attempt focuses on comparison of the Blasius

and Sakiadis flow. Further thermal radiation,
thermophoresis, Brownian  motion,  magneto
hydrodynamics, viscous dissipation are also

considered for the study. The flow equations are

transformed to ordinary differential equations
(ODE’s) with the aid of appropriate transformations.
Runge-Kutta method is acquired for the reliable and
presentable results.

The observations include;

1. It is found that Sakiadis flow shows lesser
Nusselt number, Sherwood number and skin
friction compared to Blasius flow.

2. The heat transfer rates are higher for passive
flow condition compared to active flow
conditions whereas skin friction and Sherwood
numbers are quite opposite to that behavior.
From this it is clear that depending on the
situation we select the active or passive flow

conditions.
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3. The velocity profiles are higher in active flow

conditions in all the physical parameters

compared to passive flow conditions.

4. The temperature distribution is higher in

passive flow condition when compared to
active flow condition. From above two results
help us to conclude the based on the industrial
need we can either active flow or passive flow

situations.
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