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Nomenclature 

     Eckert number 

      Froud number 

     Grashof number 

      Prandtl number 

   Temperature at large distance from the wall. 

    Temperature of particle phase. 

    Wall temperature 

  Stretching sheet velocity 

   Specific heat of fluid  

 Specific heat of particles 

  Thermal conductivity of particle 

 ,   velocity component of the particle along x-axis and y-axis 

A    the positive constant 

c     stretching rate 

g    acceleration due to gravity 

k    thermal conductivity of fluid 

l     characteristic length 

T   temperature of fluid phase. 

u,v   velocity component of fluid  along x-axis and y-axis 

x,y   cartesian coordinate 

  non- uniform heat source/sink 

K* mean absorption co-efficient 

A*& B* the parameters of the space and temperature dependent internal heat source/sink. 

Greek Symbols: 

  Volume fraction 

  Fluid particle interaction parameter 

 Volumetric coefficient of thermal expansion 

 The Stefan Bolzman constant 

 &  Density of the fluid& particle phase 

Abstract: The present study of unsteady laminar two dimensional boundary layer flow and heat transfer with 

suspended particulate matter (SPM) over an inclined stretching sheet considers electrification of particles, heat 

due to conduction and viscous dissipation for both the fluid as well as particle phases  in presence of  heat 

source/sink . The governing partial differential equations have been reduced to a set of non linear ordinary 

differential equations by using suitable similarity transformation and then solved numerically using Runge Kutta 

based shooting technique. The effects of non dimensional parameters namely electrification parameter, unsteady 

parameter, heat source/sink parameter, volume fraction, diffusion parameter and angle of inclination on non 

dimensional velocity, temperature ,skin friction and Nusselt number are discussed and presented through graphs 

and tables. A comparison of the present result with existing literature is found to be in good agreement .It is 

interesting to note that the electrification of particles enhance the skin friction and heat transfer rate . 

AMSW classification 76T10, 76T15 

Keywords: Volume fraction, Interaction parameter, Dusty fluid, unsteady flow and heat transfer, Boundary layer 

flow, Numerical solution. Non uniform heat source/sink 
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   Material density 

 η   similarity variable 

θ   fluid phase temperature 

 Dust phase temperature 

   Dynamic viscosity of fluid 

ν   kinematic viscosity of fluid 

  Ratio of specific heat 

  Relaxation time of particle phase 

  Thermal relaxation time i.e. the time required by the dust particle to adjust its temperature relative to the 

fluid. 

   Velocity relaxation time i.e. the time required by the dust particle to adjust its velocity relative to the fluid. 

ε    diffusion parameter 

ω   density ratio      

    Angle of inclination 

 

I. Introduction 

The MHD laminar boundary layer flow over a stretching sheet has noticeable application in glass blowing 

continuous casting, paper production, hot rolling, wire drawing ,drawing of plastic films, metal and polymer 

extrusion, metal spinning and spinning of fibers. During its manufacturing process a stretched sheet interacts 

with the ambient fluid thermally and mechanically. Both the kinematics of stretching and the simultaneous 

heating of cooling during such process have a decisive influence on the quality of the final products. 

 Sakiadis [18] in1961 have developed the flow field due to a flat surface, which is moving with a constant 

velocity in a quiescent fluid. Then many researchers extended the above study with the effect of heat transfer 

.Tsou et.al [24] have studied the effect of heat transfer and experimentally confirmed the numerical result of 

Sakiadis .Grubka et.al [6]  have investigated the temperature field in the flow over a stretching surface when 

subject to uniform heat flux . Ramesh et.al. [5] have investigated the momentum and heat transfer characteristics 

in hydromagnetic flow of dusty fluid over an inclined stretching sheet with non uniform heat source/sink 

.Mohammad et.al [11] have developed the steady MHD free convection, heat and mass transfer flow of an 

incompressible electrically conducting fluid past an inclined stretching sheet under the influence of an applied 

uniform magnetic field with Hall current and radiation effect. Ali et al.[9] have investigated the heat and mass 

transfer  of a steady flow of an incompressible electrically conducting fluid over an  inclined stretching plate 

under the influence of an applied uniform magnetic field with heat generation and  suction and effect of  hall 

current. Alam et.al [14] have studied numerically the effect of  viscous dissipation and chemical reaction  on  

MHD free convective  heat and mass transfer flow along an inclined permeable stretching sheet with  suction. 

Mohammad   et al.[12] have analyzed the steady hydro magnetic flow of an   incompressible electrically 

conducting fluid over an  inclined stretching sheet . Ali et.al [13] have studied the Hall Effect on the study MHD 

boundary layer flow over an incompressible fluid of combined heat and mass transfer over a moving inclined  

plate in a porous medium with suction and viscous dissipation. Alam et.al [10] have studied numerically the 

influence of chemical reaction and heat source/sink  on MHD free convective heat and mass transfer flow of a 

viscous, incompressible and electrically conducting fluid over an inclined stretching sheet. 

 In the present investigation the focus is made on the electrifications of particles due to tribo electrification. To 

the author’s knowledge no consulted effort has been made to show the effect of electrification of particles along 

with particle and particle interaction as well as heat generation / absorption on the boundary layer flow over an 

inclined stretching sheet. Again the effect parameters like electrification parameter, unsteady parameter, heat 

source/sink parameter, volume fraction, diffusion parameter, Grashof number; fluid particle interaction 

parameter and angle of inclination etc on boundary layer characteristics and heat transfer have been discussed. 

 

II. Flow Analysis of the Problem and solution 

Consider  an  unsteady   two  dimensional  laminar boundary layer  flow of an incompressible viscous  dusty  

fluid along an inclined plate with an acute angle .The flow is generated by the action of two equal and  

opposite forces along the x-axis and y-axis being normal to the flow .The sheet being stretched with the velocity   

U w(x) along  the x-axis, keeping the origin fixed in the fluid of  ambient  temperature . Both the fluid and the 

dust particle clouds are suppose to be static at the beginning. The dust particles are assumed to be spherical in 

shape and uniform in size and number density of the dust particle is taken as a constant throughout the flow. The 

sketch of the physical configuration and coordinate system shown are in Figure-1. 
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Figure1: Geometrical configuration of the flow problem. 

Soo [21] has studied the effect of electrification on the dynamics of a particulate system. At low temperature, 

electrification of solid particles occurs because of impact with the wall. Even a very slight charge on the solid 

particles will have a pronounced effect on concentration distribution in the flow of a gas-solid system. Although 

electric charge on the solid particles can be excluded by definition in theoretical analysis or when dealing truly 

with a boundless system, electrification of the solid particles always occurs when contact and separation are 

made between the solid particles and a wall of different materials or similar materials but different surface 

condition. The electric charges on the solid particles cause deposition of the solid particles on a wall in a more 

significant manner than the gravity effect and are expected to affect the motion of a metalized propellant and its 

product of reaction through a rocket nozzle and the jet at the exit of the nozzle. The charged solid particles in the 

jet of a hot gas also effect radio communications. 

As a general statement, any volume element of charge species, with charge   experiences an instantaneous 

force given by the Lorentz force law, 

                                                                                                     (A) 

Where   is the magnetic flux density. The current densities in corona discharge are so low that the magnetic 

force term  can be omitted, as this term is many orders of magnitude smaller than the Coulomb term . 

The ion drift motion arises from the interaction of ions, constantly subject to the Lorentz force (A) with the 

dense neutral fluid medium. This interaction produces an effective drag force on the ions. The drag force is in 

equilibrium with the Lorentz force so that the ion velocity in a field  is limited to , where  is the 

mobility of the ion species.  The drag force on the ions has an equal and opposite reaction force acting on the 

neutral fluid molecules via this ion-neutral molecules interaction, the force on the ions is transmitted directly to 

the fluid medium, so the force on the fluid particles is also given by equation (A). The above analyses motivated 

to present study of this paper. Here the particles will be allowed to diffuse through the carrier fluid i.e. the 

random motion of the particles shall be taken into account because of the small size of the particles. This can be 

done by applying the kinetic theory of gases and hence the motion of the particles across the streamline due to 

the concentration and pressure diffusion. We have considered the terms related to the heat added to the system 

to slip-energy flux in the energy equation of particle phase. The momentum equation for particulate phase in 

normal direction, heat due to conduction and viscous dissipation in the energy equation of the particle phase 

have been considered for better understanding of the boundary layer characteristics. The effects of 

electrification, non uniform heat sour/sink, volume fraction of particles on skin friction, heat transfer and other 

boundary layer characteristics also have been studied.     The governing equations of unsteady two dimensional 

boundary layer incompressible flows of dusty fluids are given by  

Equation of continuity 

                                                                                                                                            (1)   

                                                                                                     (2) 

Momentum equations: 

         

(3) 

(4) 

                                                      (5)  

Energy equations: 
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                                                                               (6) 

        (7)   

With boundary conditions    

                                                                                                 (8) 

Where  is the density ratio in the main stream. 

In order to solve (6) and (7), we consider non –dimensional temperature boundary conditions as follows  

 

                                                                                                                          (9) 

For most of the gases     if                                      

Introducing the following non dimensional variables in equation (1) to (7) 

   ,  

   ,  

  ,   

Where  , M=   

Where   and  are the parameters of the space and the temperature dependent internal heat source/sink. It is 

to be noted that   and  are positive heat source and negative to internal heat sink.  is the space-and  

temperature-dependent internal heat generation/absorption (non-uniform heat  source/sink) which can be 

expressed as 

                                                                                    (10) 

a is the positive constant which measures the unsteadiness with boundary condition 

c is the stretching rate and being a positive constant,   is the specific heat of fluid phase. 

k is the thermal conductivity,  is the fluid particle interaction parameter. 

is the volumetric coefficient of thermal expansion,  is the kinematic viscosity . 

A is the positive constant. 

The equations (1) to (7) become  

                                                                           (11) 

    (12) 

                 (13)  

                                                              (14)      

(15) 

(16) 

With boundary conditions  



Runu Sahu  et al., American International Journal of  Research in Science, Technology, Engineering & Mathematics, 13(1), December, 

2015-February, 2016, pp. 87-98 

AIJRSTEM 15-852; © 2015, AIJRSTEM All Rights Reserved                                                                                                               Page 91 

 

                                            (17) 

Solution of the problem: 

Here in this problem the value of  are not known 

but are given. We use Shooting 

method to determine the value of  .We have supplied and 

  . The improved value of  is determined by utilizing linear interpolation formula. Then 

the value of  is determined by using Runge-Kutta method. If  is equal to  up to a 

certain decimal accuracy, then  i.e  is determined, otherwise the above procedure is repeated with 

 until a correct  is obtained. The same procedure described above is adopted to 

determine the correct values of . 

The essence of shooting technique to solve a boundary value problem is to convert the boundary value problem 

into initial value problem. In this problem the missing value of  and  for different set of values of 

parameter are chosen on hit and trial basis such that the boundary condition at other end i.e. the boundary 

condition at infinity  are satisfied. A study was conducting to examine the effect of step size as the 

appropriate values of step size ∆η was not known to compare the  initial values of   and  .If they 

agreed to about 6 significant digits, the last value of used was considered the appropriate value; otherwise the 

procedure was repeated until further change in did not lead to any more change in the value of  and  

 .The step size ∆η =0.1 has been found to  ensure to be the satisfactory convergence criterion of 

1 .The solution of the present problem is obtained by numerical computation after finding the infinite 

value for . It has been observed from the numerical result that the approximation to  and  are 

improved by increasing the infinite value of  which is finally determined as  =5.0 with a step length of 0.125 

beginning from  = 0. Depending upon the initial guess and number of steps N. the values of  and  

are obtained from numerical computations which are given in table –2 for different parameters. 

 

III.   Result and Discussion 

The transformed (11) to (16) with boundary conditions (17) were solved numerically using Runge Kutta fourth 

order method with help of shooting technique. Solution of these equations was obtained by using FORTRAN 

software and the value of velocity profile, wall temperature gradient F(0), G(0),H(0) and θp(0) are given in 

table-2. We expressed graphically for velocity profile and temperature profile in both fluid and dust phase. In 

order to check the accuracy of our present numerical solution procedure used a comparison of wall temperature 

gradient 𝜃′(0) is made with those reported by with G.K. Ramesh[5] & Tsai [25] for various values of Pradtl 

number Pr & B* in absence of other parameters which are given in table-1.Our present results  are in a good 

agreement with the previous results. 
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Figure-2&3 illustrate the variation of velocity profiles   and temperature profiles θp with η for various values 

of β. It is observed from the figures that the effect of increasing values of β is to increase the velocity 

distribution  and the temperature distribution θp of dust phase respectfully. Fig -4 &5 illustrate the variation 

of velocity profiles   and temperature profiles θp with η for various values of A. It is observed from the 

figures that the effect of increasing values of A is to increase the velocity distribution  and the temperature 

profiles θp of dust phase. Fig -6, illustrates the variation of velocity profiles  with η for various values of α. It 

is observed from the figure that the effect of increasing values of α is to decrease the velocity distribution  of 

dust phase. Fig -7, illustrates the variation of temperature profiles θp with η for various values of α. It is 

observed from the figure that the temperature distribution   increases for the increasing values of α .Fig.-8 

depicts the variation of temperature profiles θ versus η for different value of A*.It is observed that the 

temperature distribution θ increases for the increasing values of A*. Fig -9 depicts the variation of temperature 

profiles θp versus η for different value of A*.It is observed that the temperature distribution decreases for the 

increasing values of A*. Fig.-10 depicts the variation of temperature profiles θ versus η for different value of 

B*.It is observed that the temperature distribution θ increases for the increasing values of B*. Fig -11, illustrates 

the variation of temperature profiles θp with η for various values of B*. It is observed that the temperature 

distribution  decreases for the increasing values of B*. Fig -12, presents the variation of velocity distribution 

with η for various values of Ec. It is observed from the figure that the velocity distribution decreases as Ec 

increases. Fig -13&14 illustrate the variation of temperature profiles θ and  with η for various values of Ec. It 

is observed from the figures that the fluid and particle phase  temperature distributions  θ and  increase for  

increasing values of Ec. Fig -15, depicts the variation of temperature profile θ with η for various values of Pr. It 

is observed from the figure that the temperature distribution θ decreases for increasing values of Pr. Fig -16 

depicts the variation of temperature profiles  with η for various values of Pr. It is observed from the figure that 

the effect of increasing values of Pr is to increase dust phase temperature . Fig -17 illustrates the variation of 

velocity profiles  with η for various values of Gr. It is observed from the figure that the effect of increasing 

values of Gr is to decrease the velocity distribution . Fig -18, illustrates the variation of temperature profile  

with η for various values of Gr. It is observed from the figure that the temperature distribution  increases as 

Gr increases. Fig -19&20 depicts the variation of velocity profiles   and the temperature profile with η for 

various values of M. It is observed from the figures that the effect of increasing values of M is to increase the 

velocity distribution  and the temperature distribution  of dust phase respectfully. 

Table 1: We investigate the comparison value of  for various values of Pr and B*when β= 0, Gr = 0, A* = 

0, Q/M = 0, and Ec = 0 
B* Pr Tsai et al (25) Ramesh et.al(5) Present study  

-2 2 -2.4859 -2.4859 -2.4859 

-3 3 -3.0281 -3.0281 -3.0282 

-4 4 -3.5851 -3.5851 -3.5851 

IV. Conclusion  

The several physical parameters found to affect the problem under consideration are the fluid particle interaction 

parameter, local Grashof number, heat source/sink parameter, Prandtl number, Eckert number angle of 

inclination and electrification particles. Some of the important observations of our analysis are reported as 

follows  

i. Both velocity and temperature profiles of dust phase increase for increasing value of unsteady parameter A.  
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ii. Increasing value of Ec is enhancing the temperature of both fluid and particle phase which indicates that the 

heat energy is generated in fluid due to frictional heating also the velocity of particle phase decrease on the 

increase of Ec. 

iii.  The thermal boundary layer thickness  of fluid phase decreases and temperature profile of particle phase 

increases on the effect of Pr. The temperature decreases at a faster rate for higher values of Pr which implies 

the rate of cooling is faster in case of higher prandtl number.  

iv. The thermal boundary layer thickness and momentum boundary layer thickness of particle phases are 

increasing for increased values of electrification parameter M.  

v. Increasing β increase the velocity and temperature distributions of the particle phase. 

vi. The momentum boundary layer thickness of dust phase decrease for the increasing values of Gr but the 

thermal boundary layer thickness of dust phase increases for the enhanced value of Gr. 

vii. We have investigated the problem assuming the values , γ=1.0 and  

viii. Temperature distribution θ of fluid phase increases with increasing value of A*and B* but temperature 

profiles  θp of dust phase decreases with the increase of   A*and B*.  

ix. The velocity profiles decrease but temperature profiles increase on dust phase for increasing value of 

parameter .  

x. The kin friction and heat transfer rate decreases with increase of α but increases with increase of 

electrification parameter M. 

xi. The wall velocity gradient increases but the wall temperature gradient decreases due to presence of A*&B*. 

Table-2  Values of wall velocity gradient - (0),temperature gradient -   , F(0),G(0),H(0) and 

θp(0)are given as ,for different values of  ,  ,  ,M ,A*,B* A and α . 

 

REFERENCES 
[1] Abdul R, Nadeem S. [2013] “Heat transfer analysis of the boundary layer flow over a vertical exponential stretching cylinder”. 

Global journal of Science Frontier Research Mathematics and Decision Science.13 (1); 73-85. 
[2] B.J.Gireesha,G.S.Roopa  and C.S.Bagewadi (2013), “Boundary Layer flow of an unsteady  Dusty fluid and Heat Transfer  over a 

stretching  surface with non uniform heat source/sink ” , Applied Mathematics,2011 ,3,726-735. (http://www.SciRP.org/Journal/am)  
,Scientific Research. 

[3]   B.J.Gireesha,Manjunatha,S.Bagewadi,C.S.[2011b].Unsteady hydromagnetics boundary layer flow and heat transfer of dusty fluid 

overa   stretching   sheet . Afrika Matematika, 22, (Article in Press). 
[4] Chamkha AJ,Aly Am, Mansour MA, [2010].Similarity solution for unsteady heat and mass transfer from a stretching surface 

embedded in a porous medium with suction / injection & chemical reach one effects . Chem Engng comm. 197,846-858. 

[5] G.K.Ramesh  , B.J.Gireesh and C.S.Bagewadi,[2012] “Heat Transfer in M.H.D Dusty Boundary Layer flow of  over an 
inclined stretching  surface with non uniform heat source/sink ” ,Hindawi Publishing Corporation , Advances in Mathematical 

Physics,volume-Article ID 657805,13 pages. 

[6] Grubka L.J. and Bobba K.M (1985), “Heat Transfer characteristics of a continuous stretching surface with variable temperature” , 
Int.J.Heat and Mass Transfer , vol.107,pp.248-250 , 1985. 

β Ec Gr Pr M A* B* A α (0)   -F(0) -G(0) H(0)  p(0) 

0.01 1.0 0.01 0.71 0.010 0.3 0.3 0.23 30° 1.07188 0.00491 0.766561 0.210055 0.613722 0.009695 

0.02         1.072709 0.000137 0.764864 0.208016 0.614023 0.012449 

0.03         1.073650 0.005705 0.763070 0.205129 0.614020 0.015152 

0.01 0.5 0.01 0.71 0.010 0.3 0.3 0.23 30° 1.075845 0.05527 0.378367 0.581997 0.746804 0.014472 

 1.0        1.075691 0.00969 0.376445 0.337132 0.614295 0.017225 

 2.0        1.075461 0.05608 0.370319 0.094875 0.334849 0.025167 

0.01 1.0 0.01 0.71 0.010 0.3 0.3 0.23 30° 1.071791 0.00969 0.376445 0.337132 0.614295 0.017225 

  0.02       1.064989 0.05591 0.375671 0.362472 0.619293 0.01847 

  0.03       1.059445 0.012183 0.375497 0.348535 0.622047 0.25048 

0.01 1.0 0.01 0.1 0.010 0.3 0.3 0.23 30° 1.062833 0.00953 0.377100 0.349306 0.729127 0.012214 

   0.71      1.071791 0.00969 0.376445 0.337132 0.744295 0.017225 

   1.0      1.071976 0.00976 0.376363 0.351176 0.784269 0.019363 

0.01 1.0 0.01 0.71 0.010 0.3 0.3 0.23 30° 1.071791 0.00969 0.376445 0.337132 0.614295 0.017225 

    0.015     1.069891 0.006567 0.380996 0.305790 0.617062 0.018121 

    0.017     1.069273 0.013899 0.381510 0.286868 0.616229 0.017992 

0.01 1.0 0.01 0.71 0.010 0.1 0.3 0.23 30° 1.071791 0.00964 0.376604 0.356816 0.730764 0.017501 

     0.2    1.071623 0.00982 0.376161 0.369380 0.671606 0.017507 

     0.3    1.071591 0.00969 0.376445 0.337132 0.614295 0.017225 

0.01 1.0 0.01 0.71 0.010 0.3 0.1 0.23 30° 1.072044 0.0101 0.376512 0.346910 0.756001 0.017006 

      0.2   1.071768 0.00975 0.376293 0.355616 0.689092 0.017094 

      0.3   1.071741 0.00969 0.376445 0.337132 0.614295 0.017225 

0.01 1.0 0.01 0.71 0.010 0.3 0.3 0.23 30° 1.071791 0.00969 0.376445 0.337132 0.614295 0.017225 

       0.25  1.078291 0.000232 0.351302 0.316802 0.630609 0.017664 

       0.27  1.084973 0.007735 0.328362 0.302853 0.647933 0.016829 

0.01 1.0 0.01 0.71 0.010 0.3 0.3 0.23 30° 1.071791 0.00969 0.376445 0.337132 0.614295 0.017225 

        60° 1.075488 0.00969 0.376445 0.619445 0.611463 0.018874 

        90° 1.071791 0.00969 0.376445 0.337132 0.614295 0.017225 

http://www.scirp.org/Journal/am)


Runu Sahu  et al., American International Journal of  Research in Science, Technology, Engineering & Mathematics, 13(1), December, 

2015-February, 2016, pp. 87-98 

AIJRSTEM 15-852; © 2015, AIJRSTEM All Rights Reserved                                                                                                               Page 98 

[7] Jhankal,A.K., and Kumar ,M. [2013] have disscused MHD Boundary Layer Flow Past a Stretching Plate With Heat Transfer , The 

International Journal Of Engineering And Sci-ence (Ijes) ||Volume|| 2 ||Issue|| 03 ||Pages|| 09-13 || Issn: 2319 – 1813 Isbn: 2319 – 

1805  

[8] Liancun Z , Wang L, Zhang X, [2011]. Analytic solution of unsteady boundary flow and heat transfer on a permeable stretching 

sheet with non-uniform heat source/sink.Commun Nonlinear Sci Numer Simulat 16 ,731-740. 
[9] M. Ali* and M. S. Alam[2014] Hall Effects on Steady MHD Heat and Mass Transfer Free Convection Flow along an Inclined 

Stretching Sheet with Suction and Heat Generation. J. Sci. Res. 6 (3), 457-466 . 

[10] Md. Shariful Alam and Md. Shirazul Hoque Mollah[2012]”Influence of Chemical Reaction and Heat Generation/Absorption on 
MHD Free Convective Heat and Mass Transfer Flow along an Inclined Stretching Sheet Considering Dufour and Soret Effects 

“Asian Transactions on Basic and Applied Sciences (ATBAS ISSN: 2221-4291) Volume 02 Issue 05. 

[11] Mohammad Ali, Mohammad Shah Alam, Md. Mahmud Alam Md. Abdul Alim[2014] “Radiation and thermal diffusion effecton a 
steady MHD free convection heat and mass transfer flow past an inclined stretching sheet with Hall current and heat generation.” 

IOSR Journal of Mathematics (IOSR-JM) e-ISSN: 2278-5728, p-ISSN:2319-765X. Volume 9, Issue 4. 

[12] Mohammad Ali, Md. Abdul Alim, Mohammad Shah Alam[2014] Heat Transfer Boundary Layer Flow Past an inclined Stretching 
Sheet in Presence of Magnetic field International Journal of Advancements in Research & Technology, Volume 3, Issue 5, May-

2014 34 ISSN 2278-7763. 

[13] Mohammad Ali, & Mohammad Shah Alam[2014] “Study on MHD Boundary Layer Flow of Combined Heat and Mass Transfer 
Over aMoving Inclined Plate in a Porous MediumWith Suction and Viscous Dissipation in Presence of Hall Effect”. Scientific & 

Engineering International, Volume 2, No 1 Asian Business Consortium | EI Page 43. 

[14] M. S. Alam, S. M. Chapal  Hossain  and M. S. H. Mollah[2013] “ MHD free convective flow along an inclined permeable 
stretching sheet with viscous dissipation and chemical reaction.”International Journal of scientific research and management 

(IJSRM) ||Volume||1||Issue|| 1 ||Pages|| 01-13  

[15] Nandkeolyar,R, G.S. Seth, O.D Makinde, P. Sibanada, and  M. S. Ansari [2013].Unsteady hydromagnetic natural convection flow 

of a dusty fluid past an impulsively moving vertical plate with ramped temperature in the presence of thermal radiation ASME J. 

Appl , Mech, 80(6),061003 1-9. 

[16]  P.T.Manjunath,B.J.Gireesha and G.K.Ramesh(2014), “MHD flow of fluid-particle suspension   over an impermeable surface 
through a porous medium with non uniform heat source/sink. TEPE, Vol.3, issue 3 august.2014,pp.258-265. 

[17]  R.N.Barik,G.C.Dash and P.K.Rath(2012), “Heat and mass transfer on MHD flow through a  porous medium over a stretching 
surface with heat source”, Mathematical  Theory and  Modeling, ISSN 2224-5804,Vol.2,No.7,2012. 

[18] Sakiadis B.C(1961) , “Boundary Layer behavior on continuous solid surface ; boundary layer  equation for two dimensional and 

axisymmetric flow” A.I.Ch.E.J,Vol.7,pp 26-28. 
[19] Sharidan  S. , Mahmood J. and Pop I. , “Similarity solutions for the unsteady boundary     layer flow and Heat Transfer due to a 

stretching sheet” , Int.J. of Appl.Mechanics and   Engeenering,vol.11,No.3,pp 647-654. 

[20]  Sharma, P.R. and Singh, G. “Effects of variable thermal conductivity heat source/sink on MHD flow near a stagnation point on a 
linear stretching sheet” , J. Of   Appl. Fluid Mechanics, vol.2, pp.13-21.  

[21]    Soo S.L. [1964], “Effect of Electrification on the Dynamics of a Particulate System”, I and EC Fund, 3:75-80. 

[22]  Subhas , A.M. and N.Mahesh(2008) , “Heat transfer in MHD visco-elastic fluid flow over  a stretching sheet with variable thermal 
conductivity, non-uniform   heat source and   radiation ,Applied Mathematical Modeling,32,1965-83. 

[23]  Swami Mukhopadhayay(2012), “Heat transfer analysis of unsteady flow of Maxwell fluid over stretching sheet in presence of heat 

source/sink.CHIN.PHYS.LETT.Vol.29,No.5054703.  
[24]    Tsou,F.K,E.M. Sparrow , R.J. Glodstein , “Flow and Heat Transfer in the boundary layer on a continous moving surface” , Int .J. 

Heat and Masstransfer,10,219-235’ 

[25] R. Tsai, K. H. Huang, and J. S. Huang, “Flow and heat transfer over an unsteady stretching surfacewith non-uniform heat source,” 

International Communications in Heat and Mass Transfer, vol. 35, no. 10,pp. 1340–1343, 2008. 

BIOGRAPHICAL NOTES 
Runu Sahu was born in Gangapur of district Ganjam; Odisha, India in 1976.She obtained the M.Sc. from K. K. College (Autonomous) 

Berhampur and M.Phil. Degree in Mathematics from Berhampur University, Berhampur Odisha, India. She is working as Sr. Lecturer in 
Mathmetics department in Vivekananda Institute of Technology BBSR under BPUT University and she is continuing her research work 

since 2009 till now. Her field of interest covers the areas of application of boundary layer, heat/mass transfer and dusty fluid flows. 

Dr.Saroj Kumar Mishra was born in Narsinghpur of Cuttuck District, Odisha, India on 30th june 1952.He received his M.Sc. degree in 
Mathematics (1976) and Ph.D in Mathematics in 1982 on the research topic “Dynamics of two phase flow” from IIT Kharagpur, India . 

Currently he is working as Adjunct Professor of Mathematics at Centre for Fluid Dynamics Research, CUTM, Paralakhemundi, and Odisha, 
India. He has authored and coauthored 50 research papers published in national and international journal of repute. He has completed one 

Major Research project and one Minor Research project sponsored by UGC, New Delhi, India. He has attended/presented the papers in 

national, international conferences. He is a member of several bodies like Indian Science Congress Association, Indian Mathematical 
Society, ISTAM, OMS, and BHUMS etc. His research interest includes the area of fluid dynamics, dynamics of dusty fluid particularly, in 

boundary layer flows, heat transfer, MHD, FHD and flow through porous media. His research interest also covers the nano fluid problems, 

existence and stability of problems and other related matters. Ten students have already awarded Ph.D degree under his guidance and 
another six students are working under his supervision. 

 


