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Abstract: 

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 

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 

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 

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  ( )wU 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: 

 

Fig.1 The flow configuration model 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0             (1)

𝜕𝑦

𝜕𝑥

 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑣

 𝜕𝑦
= 𝑣

𝜕2𝑣

 𝜕𝑦2
+ 𝜌𝘨 𝛽𝑐 𝑐 − 𝑐∞ +

𝛽𝑇𝑇−𝑇∞−𝜎𝐵02𝜌𝑢−𝜗𝐾0𝑢       (2)
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𝜌𝐶𝑝  𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
 

=
𝜕

𝜕𝑦
 𝐾 𝑇 

𝜕𝑇

𝜕𝑦
 + 𝜇  

𝜕𝑢

𝜕𝑦
 

2

+ 𝜏  𝐷𝐵
𝜕𝑇

𝜕𝑦

𝜕𝐶

𝜕𝑦
+
𝐷𝑇

𝑇∞
 
𝜕𝑇

𝜕𝑦
 

2

 + 𝑄(𝑇

− 𝑇∞) +
16𝜎∗𝑇∞

3

3𝑘∗
𝜕2𝑇

𝜕𝑦2
 

(3)  

 
𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
= 𝐷𝐵

𝜕2𝐶

𝜕𝑦2
+

𝐷𝑇

𝑇∞

𝜕2𝑇

𝜕𝑦2
− 𝑘0 𝐶 − 𝐶∞ 

𝑛(4) 

the boundary conditions include 

Passive control of nanomaterial’s: 

i) Blasius problem        𝑣 = 0, 𝑢 = 0, 𝑇 =

𝑇𝑤 , 𝐷𝐵
𝜕𝐶

𝜕𝑦
+ 𝐷𝐵

𝜕𝐶

𝜕𝑦
+

𝐷𝑇

𝑇∞

𝜕𝑇

𝜕𝑦
= 0, 𝑎𝑡 𝑦 =

0𝑢 = 𝑈𝑤 , 𝑇 = 𝑇𝑤 , 𝐶 = 𝐶∞  𝑎𝑠  𝑦 →

∞ 𝑎𝑠 𝑦 → ∞ (5) 

ii) Sakiadis problem       𝑣 = 0, 𝑢 = 𝑈𝑤 , 𝑇 =

𝑇𝑤 , 𝐷𝐵
𝜕𝐶

𝜕𝑦
+

𝐷𝑇

𝑇∞

𝜕𝑇

𝜕𝑦
= 0, 𝑎𝑡 𝑦 = 0𝑢 = 0, 𝑇 =

𝑇∞ , 𝐶 = 𝐶∞  𝑎𝑠 𝑦 → ∞

 

    (6) 

The active control of nanomaterial 

iii)  Blasius problem  𝑣 = 0, 𝑢 = 0, 𝑇 =

𝑇𝑤 , 𝐶 = 𝐶𝑤  𝑎𝑡 𝑦 = 0 

𝑢 = 𝑈𝑤 , 𝑇 = 𝑇∞ , 𝐶 = 𝐶∞  𝑎𝑠 𝑦 →

∞ 𝑎𝑠 𝑦 → ∞  

            

(7) 

iv) Sakiadis problem 𝑣 = 0, 𝑢 = 𝑈𝑤 , 𝑇 =

𝑇𝑤 , 𝐶 = 𝐶𝑤  𝑎𝑡 𝑦 = 0 

𝑢 = 0, 𝑇 = 𝑇∞ , 𝐶 = 𝐶∞  𝑎𝑠 𝑦 → ∞ 

 

(8) 

 

It is assumed that the thermal conductivity is vary 

proportionally with temperature as:    

𝐾 𝑇 = 𝐾∞(1 +
𝜀

∆𝑇
 𝑇 − 𝑇∞ )            (9) 

Here ∆𝑇 =  𝑇𝑤 − 𝑇∞ ,  

With an intention to transforms equations (2)-(4) to 

coupled ordinary differential equations, these forms 

of  

 wU x and  wT x
      were choosen.

 

The functions f and θ defines   as  

𝜁 = 𝑦 
𝑎

𝑣𝑓
, 𝛹 =  𝑣𝑓𝑎 

1

2𝑥𝑓 𝜁 , 𝜃 𝜁 =

 𝑇−𝑇∞  

 𝑇𝑤−𝑇∞  
, ∅ 𝜁 =

 𝐶−𝐶∞  

 𝐶𝑤−𝐶∞  
   (10)     

 

Stream function  𝛹 𝑥, 𝑦  is given by  𝑢, 𝑣 = (
𝜕𝛹

𝜕𝑌
−

𝜕𝛹

𝜕𝑋
) 

By substituting Eq. (10) into Equations (2)-(4) and 

making use of Eqs. (7), (8) and (9) we obtain 

𝑓 ′′′ + 𝑓𝑓 ′′ − 𝑓 ′2 + 𝜆𝑇𝜃 + 𝜆𝑐∅ −  𝑀 + 𝐾 𝑓 ′ =

0(11) 

1

𝑃𝑟
 𝜃′′ + 𝜀𝜃′2 + 𝜀𝜃𝜃′′  + 𝐸𝑐𝑓 ′′ 2 + 𝑄𝐻𝜃 +

4

3

𝑅

𝑃𝑟
𝜃′′ +

𝑓𝜃′ + 𝑁𝑡𝜃′2 + 𝑁𝑏𝜃′∅′ = 0            

       (12) 

1

𝐿𝑒
∅′′ + 𝑓∅′ +

𝑁𝑡

𝑁𝑏
𝜃′′ − 𝐾𝑟∅𝑛 = 0       (13) 

The boundary conditions of Passive control flow  

i) Blasius flow case 

𝑓 0 = 0, 𝑓 ′ 0 = 0,𝑁𝑏∅′ 0 + 𝑁𝑡𝜃′ 0 =

0, 𝜃 0 = 1, 𝑓 ′ ∞ = 1, 𝜃 ∞ = 0, ∅ ∞ = 0  

               (14) 

ii) Sakiadis flow case 

𝑓 0 = 0, 𝑓 ′ 0 = 1,𝑁𝑏∅′ 0 + 𝑁𝑡𝜃′ 0 

= 0, 𝜃 0 = 1, 𝑓 ′ ∞ = 0, 𝜃 ∞ 

= 0, ∅ ∞ = 0 

(15) 

Active control flow conditions  

i) Blasius flow case  
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𝑓 0 = 0, 𝑓 ′ 0 = 0, ∅ 0 = 1, 𝜃 0 = 1, 𝑓 ′ ∞ =

1, 𝜃 ∞ = 0, ∅ ∞ = 0            (16) 

ii) Sakiadis flow case 

𝑓 0 = 0, 𝑓 ′ 0 = 1, ∅ 0 = 1, 𝜃 0 =

1, 𝑓 ′ ∞ = 0, ∅ ∞ = 0  
(17) 

here a prime denotes differentiation with respect to

  

 

𝑐𝑓 =
𝜏𝑤

𝜌𝑈𝑤
2 /2

, 𝑁𝑢𝑥 =
𝑥𝑞𝑤

𝑘∞ (𝑇𝑤−𝑇∞ )
, 𝑆ℎ𝑥 =

𝑥𝑗𝑤

𝐷𝐵 (𝐶𝑤−𝐶∞ )
(18) 

Where the  

w -
 Skin friction

 

,w wq j  - Heat and mass transfer  

𝜏𝑤 = 𝜇(
𝜕𝑢

𝜕𝑦
)𝑦=0, 𝑞𝑤 = −(

𝜕

𝜕𝑦
(𝐾 𝑇 ))𝑦=0,  

𝑗𝑤 = −𝐷𝐵(
𝜕𝐶

𝜕𝑦
)𝑦=0

             

(16) 

Substituting Esq. (10) into (15) and (16), we obtain 

𝑅𝑒𝑥
1/2

𝐶𝑓 = 𝑓 ′′  0 , 𝑅𝑒𝑥
−1/2

𝑁𝑢 =

− 1 +
4

3
 𝑅 + 𝜀𝜃′ 0 2 +

𝜖𝜃′0, 𝑅𝑒𝑥−1/2𝑆ℎ=−∅′(0)     (17) 

Reynolds number 𝑅𝑒𝑥 = 𝑈𝑤𝑥/𝑉𝑓  

II.  RESULTS AND DISCUSSION 

The solutions for velocity and temperature parameter 

were obtained graphically for varying magnetic field 

values, conductivity, thermal radiation and 

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 

for the study  

0.2, 0.5, 3, 1, 0.3,, 0.2, 0.3, 0.5, 0.2; 0.5,Pr 0.2, 2T cEc K Le Nt Nb R Kr M n            

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 

Skin(
1

2
𝐶𝑓𝑥𝑅𝑒𝑥

1

2), Nusselt(
1

2
𝑁𝑢𝑥𝑅𝑒𝑥

−
1

2) and Sherwood 

number 

(
1

2
𝑆ℎ𝑥𝑅𝑒𝑥

−
1

2) for various physical parameter values 

for passive flow Condition and active flow 

Condition for Sakiadis flow. It is observed that 

(
1

2
𝐶𝑓𝑥𝑅𝑒𝑥

1

2),  is increasing function for improvement 

in ,R Nb and Ec and decreasing function for 

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

(
1

2
𝑁𝑢𝑥𝑅𝑒𝑥

−
1

2) increases with rising values of R and 

HQ . (
1

2
𝑁𝑢𝑥𝑅𝑒𝑥

−
1

2) decreases with improvement in 

,M Ec and K. It is also noticed that 

(
1

2
𝑁𝑢𝑥𝑅𝑒𝑥

−
1

2)show mixed performance for the 

improving values of Nt and Nb .  Sherwood number 

(
1

2
𝑆ℎ𝑥𝑅𝑒𝑥

−
1

2)improves with rising values of 

, , ,R Nb M Ec and K.(
1

2
𝑆ℎ𝑥𝑅𝑒𝑥

−
1

2)  decrease for the 

rising values of Nt and HQ . 

Table 3 portray the variation in Skin(
1

2
𝐶𝑓𝑥𝑅𝑒𝑥

1

2),  , 

Nusselt(
1

2
𝑁𝑢𝑥𝑅𝑒𝑥

−
1

2) and Sherwood number 

(
1

2
𝑆ℎ𝑥𝑅𝑒𝑥

−
1

2) for different values of physical 
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parameters for passive flow Condition and active 

flow Condition for Blasius flow. In Blasius flow 

condition (
1

2
𝐶𝑓𝑥𝑅𝑒𝑥

1

2), increases for the improving 

values of , ,R Nt Nb and Ec . (
1

2
𝐶𝑓𝑥𝑅𝑒𝑥

1

2), declines for 

improvement in ,HQ M and K .    (
1

2
𝑁𝑢𝑥𝑅𝑒𝑥

−
1

2) 

elevates with improvement in , , HR Nt Q and 

depreciates for rising values of , ,Nb M Ec and K .  

(
1

2
𝑆ℎ𝑥𝑅𝑒𝑥

−
1

2) performance is increasing function for 

improvement in R and Nb .  (
1

2
𝑆ℎ𝑥𝑅𝑒𝑥

−
1

2)  

depreciates for the rising values of , , ,HNt Q M Ec and 

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 

particles moving randomly.  The impact of 

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

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 

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 

we analyzed that  magnetic field increases 

temperature and reduced the velocity  of both 

Blasius and Sakiadis boundary layer, compare to 

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. 

 

Fig.2: Velocity variation with  R values 
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Fig.3: Temperature variation with  R values 

 

Fig.4 Concentration profiles variation with R  

 

Fig.5 Velocity variation at different Nt  

 

Fig.6 Temperature variation at different Nt  

Fig.7 Concentration variations at different  Nt   

values 

 

Fig.8 Temperature variation at different Nb  

 

Fig.9 Concentration variation at different Nb  
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Fig.10 Velocity variation at different Nb  

 

Fig.11 Velocity variation at different 
HQ  

Fig.12 Temperature variation at different HQ  

Fig.13 Concentration variation with HQ  

 

Fig.14 Velocity variation with M  

 

Fig.15 Temperature variation with  M  
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Fig.16 Concentration variation with  M  

 

 

 

Fig.19 Velocity variation with K
 

 

Fig.20 Temperature variation with K  

 

Fig.21 Concentration variation with K  

 

Fig.22 Concentration variation with Kr  

Table 1: Comparison of some of the values of wall 

temperature gradient 
'(0) obtained by Grubka and 

Bobba [24], Ali [25] and Ishak et al. [26] when

0Ec K Nt Nb Kr R      . 

Table 1 Variation in values of Skin
1

2
1

Re
2

fx xC
 
 
 

 ,                                                                                                   

Nusselt
1

2
1

Re
2

x xNu
 

 
 

 and Sherwood number  

1
2

1
Re

2
x xSh

 
 
 

 for different values of physical 

parameters for Passive Flow Condition for Sakiadis 

flow and Blasius flow. 
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Table 2 Variation in values of Skin
1

2
1

Re
2

fx xC
 
 
 

 ,  

Nusselt
1

2
1

Re
2

x xNu
 

 
 

 and Sherwood number 

1
2

1
Re

2
x xSh

 
 
 

 for different values of physical 

parameters for Active Flow Condition for Sakiadis 

flow and Blasius flow. 

 

 
 

III.  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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