
International Journal of Computational Science and Mathematics. 
ISSN 0974-3189 Volume 3, Number 3 (2011), pp. 303-315 
© International Research Publication House 
http://www.irphouse.com 

 
 

Flow of an Unsteady Conducting Dusty Fluid between 
a Non-torsional Oscillating Plate and a Long Wavy 

Wall 
 
 

Mahesha, B.J. Gireesha*, G.K. Ramesh and C.S. Bagewadi 
 

Department of Mathematics, Kuvempu University, 
Shankaraghatta-577 451, Shimoga, Karnataka, India. 

*Corresponding Author E-mail: bjgireesu@rediffmail.com 
 
 

Abstract 
 

The geometry of flow of a dusty viscous conducting fluid between a non-
torsional oscillating parallel plate and a long wavy wall in an anholonomic 
coordinate system has been studied. The velocity distribution of fluid and dust 
for different pressure gradients is obtained analytically. The effect of strength 
of magnetic field on velocity profiles at fixed time has been discussed with the 
help of graphs. Finally the skin fraction at the boundaries is calculated. 
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Introduction 
The study of the flow of dusty fluids has attracted many researchers to his 
applications in the fields of fluidization, combustion, use of dust in gas cooling 
systems, centrifugal separation of matter from fluid, petroleum industry, purification 
of crude oil, electrostatic precipitation, polymer technology, high-energy solid rocket 
propellant, fluid-droplet sprays, the electro static precipitation of dust, blood flow 
fluid droplets sprays and so on. 
 The importance of study of fluids having non-conducting fine dust particles was 
traced out by many mathematicians. In 1962 Saffman [16] has given the equations 
describing the motion of gas containing the small dust particles. On basis of these 
equations Rossow [15] studied the flow of a viscous, incompressible and electrically 
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conducting fluid in presence of an external magnetic field due to the impulsive motion 
of an infinite flat plate.  
 Srinivasacharya, G.Radhakrishnamacharya and Ch.Srinivasulu [19] has discussed 
the effects of wall properties on peristaltic transport of a dusty fluid, Liu [11], Michael 
and Miller [13] have studied the flow produced by the motion of an infinite plane in a 
steady fluid occupying the semi-infinite space above it. A.Eric et al. [5] has studied 
the quantitative assessment of steady and pulsatile flow fields in a parallel plate flow 
chamber. Thierry Feraille et al. [17] discussed the channel flow induced by wall 
injection of fluid and particles. 
 During the second part of the 20th century, some researchers like Kanwal [10], 
Truesdell [18], Indrasena [9], Purushotham [14], Bagewadi and Gireesha [1], [2] have 
applied differential geometry techniques to investigate the kinematical properties of 
fluid flows in the field of fluid mechanics. Further, recently the authors [6], [7], have 
studied two-dimensional dusty fluid flow in Frenet frame field system. The paper 
deals with the study of flow of an electrically conducting viscous incompressible fluid 
which suspended non-conducting small spherical dust particles between a non-
torsional oscillating plate and a long wavy wall. The flow is due to the presence of a 
uniform transverse magnetic field, non-torsional oscillations of the plate and time 
dependent pressure gradient. Initially it is assumed that both the conducting fluid and 
the non-conducting dust particles are to be at rest. Applying Laplace transform 
technique, the velocity fields for fluid and dust particles have been obtained. Also the 
skin friction at both the walls has been calculated. Finally the graphs are plotted for 
different values of Hartmann number and number density. 
 
 
Equations of Motion 
The modified Saffman’s [16] equations for the conducting dusty gas and non-
conducting dust particle are: 
 
For fluid phase 
 (2.1) ڄ ሬԦݑ ൌ 0  
  (Continuity) 
(2.2)  డ௨ሬሬԦ

డ௧
 ሺݑሬԦ ڄ ሬԦݑሻ ൌ െିߩଵ  ሬԦݑଶߥ  ே

ఘ
ሺݒԦ െ ሬԦሻݑ  ଵ

ఘ
ሺܬԦ ൈ   ሬԦሻܤ

  (Linear Momentum) 
 
For dust phase  
  (2.3) ڄ Ԧݒ ൌ 0  
   (Continuity) 
 
(2.4)  డ௩ሬԦ

డ௧
 ሺݒԦ ڄ Ԧݒሻ ൌ 


ሺݑሬԦ െ   Ԧሻݒ

   (Linear Momentum) 
 
 We have following nomenclature: 
 density of the - ߩ ,Ԧ - velocity density of dust phaseݒ ,ሬԦ - velocity of the fluid phaseݑ 
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gas,  - pressure of the fluid, ܰ - number of density of dust particles, ߥ - Kinematic 
viscosity, ܭ ൌ  Stoke’s resistance (drag coefficient ), ܽ - spherical radius of - ߤܽߨ6
dust particle, ݉ - mass of the dust particle, ߤ - the co-efficient of viscosity of fluid 
particles, ݐ - time and ܬԦand ܤሬԦ - given by Maxwell’s equations and Ohm’s law, namely,  
  (2.5) ൈ ሬሬԦܪ ൌ ,Ԧܬߨ4  ൈ ሬԦܤ ൌ 0,  ൈ ሬԦܧ ൌ 0, Ԧܬ ൌ Ԧܬሾߪ  ሬԦݑ ൈ  ሬԦሿܤ
 
 Here ܪሬሬԦ - magnetic field, ܬԦ - current density, ܤሬԦ - magnetic Flux, ܧሬԦ - electric field. 
 It is assumed that the effect of induced magnetic fields produced by the motion of 
the electrically conducting gas is negligible and no external electric field is applied. 
With those assumptions the magnetic field ܬԦ ൈ  ሬԦ of the body force in (2.2) reducesܤ
simply to െܤߪ

ଶݑሬԦ where ܤ - the intensity of the imposed transverse magnetic field. 
 
 
Frenet Frame Field System 
Let ݏԦ, ሬ݊Ԧ, ሬܾԦ be triply orthogonal unit vectors tangent, principal normal, binormal 
respectively to the spatial curves of congruence’s formed by fluid phase velocity and 
dusty phase velocity lines respectively as shown in the figure-1. 

 

 
 

Figure 1: Frenet Frame Field System. 
  
 
 Geometrical relations are given by Frenet formulae [3] 

  డ௦Ԧ
డ௦

ൌ ݇௦ ሬ݊Ԧ, డሬԦ
డ௦

ൌ ߬௦ ሬܾԦ, డሬԦ

డ௦
ൌ െ߬௦ ሬ݊Ԧ, 

  డሬԦ
డ

ൌ ݇′ ݏሬሬԦ, డሬԦ

డ
ൌ െߪ௦

′ ,Ԧݏ  డ௦Ԧ
డ

ൌ െߪ
′ ሬܾԦ െ ݇

′ ሬ݊Ԧ, 

  డሬԦ

డ
ൌ ݇

″ ,ሬሬԦݏ  డሬԦ
డ

ൌ െߪ
″ ,Ԧݏ  డ௦Ԧ

డ
ൌ ߪ

″ ሬ݊Ԧ െ ݇
″ ሬܾԦ, 
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where డ
డ௦

, డ
డ

 and డ
డ

 are the intrinsic differential operators along fluid phase velocity 
(or dust phase velocity) lines, principal normal and binormal. The functions 
ሺ݇௦, ݇

ᇱ , ݇
ᇳሻ and ሺ߬௦, ᇱ ߪ , ߪ 

ᇳሻare the curvatures and torsions of the above curves and 
 ௦are normal deformations of these spatial curves along their principalߠ ௦ andߠ
normal and binormal respectively. 
 
 
Formulation and Solution of the Problem 
Consider a flow of an unsteady viscous incompressible, dusty fluid between a non-
torsional oscillating plate and a long wavy wall as shown in the figure-2. Both the 
fluid and the dust particle clouds are supposed to be static at the beginning. The 
number density of the dust particles is taken as a constant throughout the flow and 
these are assumed to be spherical in shape, uniform in size and electrically non-
conducting. The flow is due to magnetic field of uniform strength ܤ, non-torsional 
oscillations of the plate and under the influence of time dependent pressure gradient. 
Under these assumptions the flow will be a parallel flow in which the streamlines are 
along the tangential direction and the velocities are varies with binormal direction and 
time t, since we extended the fluid to infinity in the principal normal direction. 
 For the above described flow the velocities of fluid and dust phase are of the form 
ሬሬሬԦݑ     ൌ ,Ԧݏ௦ݑ Ԧݒ ൌ  .Ԧݏ௦ݒ
 
 where ሺݑ௦, ,ݑ ,௦ݒሻand ሺݑ ,ݒ  ሻare velocity components of fluid and dustݒ
particles respectively. 

 

 
 

Figure 2: Geometry of the flow. 
 
 
 By virtue of system of equations (3.1) the intrinsic decomposition of equations 
(2.2) and (2.4) give the following forms 

(4.1)  డ௨ೞ
డ௧

ൌ െ ଵ
ఘ

డ
డ௦

 ߥ ቂడమ௨ೞ
డమ െ ௦ቃݑܥ  ே

ఘ
ሺݒ௦ െ ௦ሻݑ െ  ,௦ݑܧ
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௦ݑ2  (4.2)
ଶ݇௦ ൌ െ ଵ

ఘ
డ
డ

 ߥ ቂ2ߪ
ᇳ డ௨ೞ

డ
െ 2݇

ᇳ డ௨ೞ
డ

 ቃ, 

(4.3)  0 ൌ െ ଵ
ఘ

డ
డ

  ,௦݇௦߬௦ሿݑሾߥ

(4.4)  డ௩ೞ
డ௧

ൌ 


ሺݑ௦ െ  ,௦ሻݒ

௦ݒ2 (4.5)
ଶ݇௦ ൌ 0, 

 
where ܧ ൌ ఙబ

మ

ఘ
 and ܥ ൌ ݇௦

ଶ  ߪ
ଵమ  ݇

ଵమ  ଵଵߪ

ଶ  ݇ଵଵ


ଶ  is called curvature number 

[2]. 
 From equation (4.5) we see that ݒ௦

ଶ݇௦ ൌ 0 which implies either ݒ௦ ൌ ௦݇ ݎ 0 ൌ 0. 
The choice ݒ௦ ൌ 0 is impossible, since if it happens then ݑ௦ ൌ 0, which shows that the 
flow doesn’t exist. Hence ݇௦ ൌ 0, it suggests that the curvature of the streamline 
along tangential direction is zero. Thus no radial flow exists. 
 Let us consider the following non-dimensional quantities, 

௦ݑ  
כ ൌ ௨ೞ


, ௦ݒ

כ ൌ ௩ೞ
௩

, כܾ ൌ 


, כݐ ൌ ௧
మ , כ ൌ మ

ఘమ , כݏ ൌ ௦

, 

 
where U is the characteristic velocity and h is the characteristic length. 
 Using the above non-dimensional quantities we get the non-dimensionalised form 
of the equations are as follows 

(4.6)  డ௨ೞ
డ௧

ൌ െ డ
డ௦




ೃడమ௨ೞ

డమ െ యೝ
ோ

௦ݑ  ேమ

ఘ
ሺݒ௦ െ ௦ሻݑ െ  ,௦ݑܯ

(4.7) డ௩ೞ
డ௧

ൌ మ


ሺݑ௦ െ  ,௦ሻݒ

 
where ܴ݁ ൌ ܯ is the Reynold’s number, and ߥ/݄ܷ ൌ ாమ


 is the Hartmann number, 

ߙ ൌ ߚ is the non-dimensional amplitude parameter and ݄/כߙ ൌ -is the non ݄כߚ
dimensional frequency parameter. 
 
   Initial condition: at ݐ ൌ 0, ௦ݑ  ൌ 0, ௦ݒ ൌ 0 
(4.8)  Boundary condition for ݐ  0, ௦ݑ ൌ ݂ሺݐሻ, at ܾ ൌ 0 
   and ݑ௦ ൌ െߙ sinሺݐ  ܾ ሻ, atߚ ൌ 1 െ ߳ cos   ݐ
  where ߳ is a constant. 
 
 We define Laplace transformations of ݑ௦ and ݒ௦ as 

(4.9) ௦ܷ ൌ  ݁ି௫௧ஶ
 and ௦ܸ ݐ௦݀ݑ  ൌ  ݁ି௫௧ஶ

  ,ݐ௦݀ݒ 
 
 By applying Laplace transform to the equations (4.6) and (4.7) one can obtains 

ݔ  (4.10) ௦ܷ ൌ ܲሺݔሻ  
ோ

ௗమೞ
ௗమ ൌ యೝ

ோ
 ௦ܷ  మ

ఛ
ሺ ௦ܸ െ ௦ܷሻ െ ܯ ௦ܷ, 
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ݔ  (4.11) ௦ܸ ൌ మ

ఛ
ሺ ௦ܷ െ ௦ܸሻ, 

 
where ݈ ൌ ே

ఘ
 and ߬ ൌ 


. Equation (4.11) implies 

 
(4.12)  ௦ܸ ൌ మ

ሺమା௫ఛሻ ௦ܷ, 
 
 Eliminating ௦ܸ from (4.10) using (4.12) we obtain the following equation 
(4.13)  ௗమೞ

ௗమ െ ܳଶ
௦ܷ ൌ െ ோ


ܲሺݔሻ, 

 
where ܳଶ ൌ ݄ଶܥ  ெோ


 ௫ோ


ሺ1  మ

ሺ௫ఛାమሻ
ሻ. 

 
Case 1: Impulsive Motion 
Suppose – డ

డ௦
ൌ ሻݐሻ, is imposed on the flow and ݂ሺݐሺߜ ൌ  ݑ  and ሻ, whereݐሺߜݑ

are constant and ߜሺݐሻ is the Dirac delta function. Now, solving the equation (4.13) 
with the boundary conditions (4.8), one can obtain the fluid and dust phase velocities 
as follows, 

௦ݑ  ൌ ௨బ ୱ୧୬୦ሾሺమିሻభሿ 
ୱ୧୬୦ሺమభሻ െ ଶ௨బగ

ோమ
మ ∑ ሺെ1ሻభஶ

భୀ ଵݎ sin ቀభగሾሺమିሻభሿ
మ

ቁ 

  ൈ  ೣయ൫మା௫యఛ൯మ

௫యሾሺమା௫యఛሻమାరሿ   ೣర൫మା௫రఛ൯మ

௫రሾሺమା௫రఛሻమାరሿ൨ 

  െߙ ቂమ ୱ୧୬ ௧ିభ ୡ୭ୱ ௧
ሺమାమሻ ቃ  ଶఈగ

ோమ
మ ∑ ሺെ1ሻభஶ

భୀ ଵݎ sin ቀభగ
మ

ቁ 

  ൈ ೣయ൫మା௫యఛ൯మ
 ሺୡ୭ୱ ఉା௫య ୱ୧୬ ఉሻ

൫௫య
మାଵ൯ሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯మ

 ሺୡ୭ୱ ఉା௫ర ୱ୧୬ ఉሻ
൫௫ర

మାଵ൯ሾሺమା௫రఛሻమାరሿ ൨ 

  െ ோబ
భ

మ ቂୱ୧୬୦ሺభሻାୱ୧୬୦ሾሺమିሻభሿିୱ୧୬୦ሺమభሻ
ୱ୧୬୦ሺమభሻ ቃ 

  െ ଶ
గ

∑ ቂሺିଵሻೝభିଵ
భ

ቃஶ
భୀ sin ቀభగ

మ
ቁ  ೣయ൫మା௫యఛ൯మ

௫యሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯మ

௫రሾሺమା௫రఛሻమାరሿ൨ 

௦ݒ  ൌ ఋሺ௧ሻ௨బ ୱ୧୬୦ሾሺమିሻభሿ
ୱ୧୬୦ሺమభሻ

െ ଶయ௨బగ
ோమ

మ ∑ ሺെ1ሻభஶ
భୀ ଵݎ sin ቀభగሾሺమିሻభሿ

మ
ቁ 

  ൈ ቈ ೣయ൫మା௫యఛ൯
௫యሾሺమା௫యఛሻమାరሿ   ೣర൫మା௫రఛ൯

௫రሾሺమା௫రఛሻమାరሿ 

  െ݄ߙଶ ቂ మ ୱ୧୬ ௧ିభ ୡ୭ୱ ௧
ሺమାమሻሺరାఛమమሻ

ቃ  ଶమఈగ
ோమ

మ ∑ ሺെ1ሻభஶ
భୀ ଵݎ sin ቀభగ

మ
ቁ 

  ൈ ቈೣయ൫మା௫యఛ൯  ሺୡ୭ୱ ఉା௫య ୱ୧୬ ఉሻ
൫௫య

మାଵ൯ሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯  ሺୡ୭ୱ ఉା௫ర ୱ୧୬ ఉሻ
൫௫ర

మାଵ൯ሾሺమା௫రఛሻమାరሿ  

  െ ோబ
భ

మ ቂୱ୧୬୦ሺభሻାୱ୧୬୦ሾሺమିሻభሿିୱ୧୬୦ሺమభሻ
ୱ୧୬୦ሺమభሻ ቃ 
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  െ ଶమ

గ
∑ ቂሺିଵሻೝభିଵ

భ
ቃஶ

భୀ sin ቀభగ
మ

ቁ ቈ ೣయ൫మା௫యఛ൯
௫యሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯

௫రሾሺమା௫రఛሻమାరሿ 

 
Shearing Stress (Skin Friction): The Shear stress at the boundaries ܾ ൌ 0 and 
ܾ ൌ 1 – ߳ cos  are given by ݐ

ܦ  ൌ ି௨బభ ୡ୭ୱ୦ሾሺమభሻሿ 
ୱ୧୬୦ሺమభሻ  ଶ௨బగమభ

ோమ
య  ೣయ൫మା௫యఛ൯మ

௫యሾሺమା௫యఛሻమାరሿ   ೣర൫మା௫రఛ൯మ

௫రሾሺమା௫రఛሻమାరሿ൨ 

 െߙ మ
భ ୱ୧୬ ௧భ

భ
భ ୡ୭ୱ ௧

ሺమାమሻ ൨  ଶఈగమ

ோమ
య ሾೣయ൫మା௫యఛ൯మ

 ሺୡ୭ୱ ఉା௫య ୱ୧୬ ఉሻ
൫௫య

మାଵ൯ሾሺమା௫యఛሻమାరሿ  

  ೣర൫మା௫రఛ൯మ
 ሺୡ୭ୱ ఉା௫ర ୱ୧୬ ఉሻ

൫௫ర
మାଵ൯ሾሺమା௫రఛሻమାరሿ ሿ  െ  ோబ

భ
ቂଵିୡ୭ୱ ୦ሺమభሻ

ୱ୧୬୦ሺమభሻ ቃ 

 െ ଶ
గ

∑ ሾ1 െ ሺെ1ሻభሿஶ
భୀ  ೣయ൫మା௫యఛ൯మ

௫యሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯మ

௫రሾሺమା௫రఛሻమାరሿ൨. 

ଵܦ ൌ
െݑ ଵܺ

sinhሺܾଶ ଵܺሻ 
ଶߨݑ2݄

ܴܾ݁ଶ
ଶ  ሺെ1ሻభ

ஶ

భୀ

ଵሾݎ
݁௫య௧ሺ݄ଶ  ଷܷ߬ሻଶݔ

ଷሾሺ݄ଶݔ  ଷܷ߬ሻଶݔ  ݈݄ସሿ 

  ೣర൫మା௫రఛ൯మ

௫రሾሺమା௫రఛሻమାరሿሿ െ ߙ మ
భభ ୱ୧୬ ௧భ

భభ
భ ୡ୭ୱ ௧

ሺమାమሻ ൨  ଶఈగమభ
మ

ோమ
మ  ሾೣయ൫మା௫యఛ൯మ

 ሺୡ୭ୱ ఉା௫య ୱ୧୬ ఉሻ
൫௫య

మାଵ൯ሾሺమା௫యఛሻమାరሿ  

  ೣర൫మା௫రఛ൯మ
 ሺୡ୭ୱ ఉା௫ర ୱ୧୬ ఉሻ

൫௫ర
మାଵ൯ሾሺమା௫రఛሻమାరሿ ሿ െ  ோబ

భ
ቂଵିୡ୭ୱ ୦ሺమభሻ

ୱ୧୬୦ሺమభሻ ቃ 

 െ ଶ
గ

∑ ሾ1 െ ሺെ1ሻభሿஶ
భୀ  ೣయ൫మା௫యఛ൯మ

௫యሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯మ

௫రሾሺమା௫రఛሻమାరሿ൨. 
 
Case 2: Transition Motion: Suppose – డ

డ௦
ൌ  ଵ areߣ  and ሻ݁ିఒభ௧, whereݐሺܪ

constants and ܪሺݐሻ is the Heaviside unit step function. By Solving the equation (4.13) 
when subject to the boundary conditions (4.8), with ݂ሺݐሻ ൌ  ,ሻ݁ିఒభ௧ݐሺܪݑ
For this case one can obtain the expressions for both fluid and dust velocities as 

௦ݑ  ൌ ுሺ௧ሻ௨బషഊభ ୱ୧୬୦ሾሺమିሻሿ 
ୱ୧୬୦ሺమሻ െ ଶ௨బగ

ோమ
మ ∑ ሺെ1ሻభஶ

భୀ ଵݎ sin ቀభగభ
మ

ቁ 

 ൈ  ೣయ൫మା௫యఛ൯మ

ሺ௫యାఒభሻሾሺమା௫యఛሻమାరሿ   ೣర൫మା௫రఛ൯మ

ሺ௫రାఒభሻሾሺమା௫రఛሻమାరሿ൨ 

 െߙ ቂమ ୱ୧୬ ௧ିభ ୡ୭ୱ ௧
ሺమାమሻ ቃ  ଶఈగ

ோమ
మ ∑ ሺെ1ሻభஶ

భୀ ଵݎ sin ቀభగ
మ

ቁ 

 ൈ ೣయ൫మା௫యఛ൯మ
 ሺୡ୭ୱ ఉା௫య ୱ୧୬ ఉሻ

൫௫య
మାଵ൯ሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯మ

 ሺୡ୭ୱ ఉା௫ర ୱ୧୬ ఉሻ
൫௫ర

మାଵ൯ሾሺమା௫రఛሻమାరሿ ൨ 

 െ ோబషഊభ


ቂୱ୧୬୦ሺሻାୱ୧୬୦ሾሺమିሻሿିୱ୧୬୦ሺమሻ

ୱ୧୬୦ሺమሻ ቃ 

 െ ଶ
గ

∑ ቂሺିଵሻೝభିଵ
భ

ቃஶ
భୀ sin ቀభగ

మ
ቁ  ೣయ൫మା௫యఛ൯మ

௫యሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯మ

௫రሾሺమା௫రఛሻమାరሿ൨’ 
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௦ݒ  ൌ ௨బ ୦మୣషಓభ౪ୱ୧୬୦ሾሺమିሻሿ
ሺ୦మିభதሻୱ୧୬୦ሺమሻ

െ ଶయ௨బగ
ோమ

మ ∑ ሺെ1ሻభஶ
భୀ ଵݎ sin ቀభగభ

మ
ቁ 

 ൈ ቈ ೣయ൫మା௫యఛ൯
ሺ௫యାఒభሻሾሺమା௫యఛሻమାరሿ   ೣర൫మା௫రఛ൯

ሺ௫రାఒభሻሾሺమା௫రఛሻమାరሿ 

 െ݄ߙଶ ቂ మ ୱ୧୬ ௧ିభ ୡ୭ୱ ௧
ሺమାమሻሺరାఛమమሻ

ቃ  ଶమఈగ
ோమ

మ ∑ ሺെ1ሻభஶ
భୀ ଵݎ sin ቀభగ

మ
ቁ 

 ൈ ቈೣయ൫మା௫యఛ൯  ሺୡ୭ୱ ఉା௫య ୱ୧୬ ఉሻ
൫௫య

మାଵ൯ሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯  ሺୡ୭ୱ ఉା௫ర ୱ୧୬ ఉሻ
൫௫ర

మାଵ൯ሾሺమା௫రఛሻమାరሿ  

 െ ோబ షഊభ

ሺమିఒభఛሻ
ቂୱ୧୬୦ሺሻାୱ୧୬୦ሾሺమିሻሿିୱ୧୬୦ሺమሻ

ୱ୧୬୦ሺమሻ ቃ 

 െ ଶమ

గ
∑ ቂሺିଵሻೝభିଵ

భ
ቃஶ

భୀ sin ቀభగ
మ

ቁ ቈ ೣయ൫మା௫యఛ൯
௫యሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯

௫రሾሺమା௫రఛሻమାరሿ. 

 
Case 3: Periodic Motion for a Finite Time: In this case, we take – డ

డ௦
ൌ  sinሺݐߙሻ 

and ݂ሺݐሻ ൌ ݑ sinሺݐߙሻ, where  and ݑ are constants. Now one obtains the velocity 
profiles for both fluid and dust phase as, we obtain the fluid and dust phase velocities 
as 

௦ݑ  ൌ ௨బ
భ

మାభ
మ ሾ݇ଷ sinሺݐߙሻ  ݇ସ cosሺݐߙሻሿ െ ଶ௨బగఈ௧

ோమ
మ ∑ ሺെ1ሻభஶ

భୀ ଵݎ sin ቀభగ
మ

ቁ 

 ൈ  ೣయ൫మା௫యఛ൯మ

ሺ௫యାఈమሻሾሺమା௫యఛሻమାరሿ   ೣర൫మା௫రఛ൯మ

ሺ௫రାఈమሻሾሺమା௫రఛሻమାరሿ൨ 

 െߙ ቂమ ୱ୧୬ ௧ିభ ୡ୭ୱ ௧
ሺమାమሻ ቃ  ଶఈగ

ோమ
మ ∑ ሺെ1ሻభஶ

భୀ ଵݎ sin ቀభగ
మ

ቁ 

 ൈ ೣయ൫మା௫యఛ൯మ
 ሺୡ୭ୱ ఉା௫య ୱ୧୬ ఉሻ

൫௫య
మାଵ൯ሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯మ

 ሺୡ୭ୱ ఉା௫ర ୱ୧୬ ఉሻ
൫௫ర

మାଵ൯ሾሺమା௫రఛሻమାరሿ ൨ 

 െ ோబ


ቂళ ୱ୧୬ሺఈ௧ሻାఴ ୡ୭ୱሺఈ௧ሻ
ୱ୧୬୦ሺమሻ ቃ 

 െ ଶఈ
గ

∑ ቂሺିଵሻೝభିଵ
భ

ቃஶ
భୀ sin ቀభగ

మ
ቁ  ೣయ൫మା௫యఛ൯మ

௫యሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯మ

௫రሾሺమା௫రఛሻమାరሿ൨ 

௦ݒ  ൌ ௨బమ

ሺభ
మାభ

మሻሺరାఈమమఛమሻ ሾ݇ଽ sinሺݐߙሻ െ ݇ଵ cosሺݐߙሻሿ 

 െ ଶయఈ௨బగ
ோమ

మ ∑ ሺെ1ሻభஶ
భୀ ଵݎ sin ቀభగ

మ
ቁ 

 ൈ ቈ ೣయ൫మା௫యఛ൯
ሺ௫యାఈሻሾሺమା௫యఛሻమାరሿ   ೣర൫మା௫రఛ൯

ሺ௫రାఈሻሾሺమା௫రఛሻమାరሿ 

 െߙ ቂమ ୱ୧୬ ௧ିభ ୡ୭ୱ ௧
ሺమାమሻ ቃ  ଶమఈగ

ோమ
మ ∑ ሺെ1ሻభஶ

భୀ ଵݎ sin ቀభగ
మ

ቁ 

 ൈ ቈೣయ൫మା௫యఛ൯  ሺୡ୭ୱ ఉା௫య ୱ୧୬ ఉሻ
൫௫య

మାଵ൯ሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯  ሺୡ୭ୱ ఉା௫ర ୱ୧୬ ఉሻ
൫௫ర

మାଵ൯ሾሺమା௫రఛሻమାరሿ  
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 െ ோబ 


 భభ ୱ୧୬ሺఈ௧ሻିభమ ୡ୭ୱሺఈ௧ሻ
൫భ

మାభ
మ൯൫௬య

మା௭య
మ൯ሺరାఈమఛమమሻ

൨ 

 െ ଶఈ
గ

∑ ቂሺିଵሻೝభିଵ
భ

ቃஶ
భୀ sin ቀభగ

మ
ቁ ቈ ೣయ൫మା௫యఛ൯

ሺ௫యାఈమሻሾሺమା௫యఛሻమାరሿ  ೣర൫మା௫రఛ൯
ሺ௫రାఈమሻሾሺమା௫రఛሻమାరሿ. 

 
where 

ܯ ൌ
ଶ݄ܧ

ܷ ,  ܺଵ ൌ ඨ݄ଶܥ 
ܴ݁ܯ

݄ , ܾ2 ൌ 1 െ ߳ cos ݐ , ܽଵ ൌ ܴܾ݁ଶ
ଶܷ߬,  

 ܽଶ ൌ ݄ଷܥܷ߬ ܾଶ
ଶ  ଶܾܴ݁ܯ

ଶܷ߬  ܴ݁ ܾଶ
ଶ݄ଶ  ܴ݈݄݁ଶܾଶ

ଶ  ଵݎ
ଶߨଶ݄ܷ߬, 

 ܽଷ ൌ ݄ହܥܾଶ
ଶ  ଶܾܴ݁ܯ

ଶ݄ଶ  ଵݎ
ଶߨଶ݄ଷ, ଷݔ ൌ

ିమାටమ
మିସభయ 

ଶభ
,  

ସݔ  ൌ
ିమିටమ

మିସభయ 

ଶభ
, ଵݕ ൌ ݄ଶܥ  ெோ


 ோఛ

ሺమାఛమమሻ
, 

ଵݖ  ൌ ோ


 ோఛ
ሺమାఛమమሻ , ଶݕ  ൌ ඨ௬భାට௬భ

మା௭భ
మ

ଶ
, 2_ݖ ൌ ඨ௬భାට௬భ

మା௭భ
మ

ଶ
, 

ܣ  ൌ sinhሺݕଶܾሻ cosሺݖଶܾሻ , ܤ ൌ coshሺݕଶܾሻ sinሺݖଶܾሻ , ܥ ൌ sinhሺݕଶܾଶሻ cosሺݖଶܾଶሻ 
ܦ  ൌ cosh ሺݕଶܾଶሻ sinሺݖଶܾଶሻ, ݇ଵ ൌ െ cos ܥܤሺߚ െ ሻܦܣ  sin ܥܣሺߚ   ,ሻܦܤ
 ݇ଶ ൌ cos ܥܣሺߚ  ሻܦܤ െ sin ܥܤሺߚ െ ሻܦܣ , ଵܮ ൌ ݇ଵ݄ଶ  ݇ଶܷ߬, ଶܮ ൌ ݇ଵଶ݄ଶ െ ݇ଶܷ߬, 

 ܻ ൌ ට݄ଶܥ  ெோ


െ ఒோ


ቀ1  మ

ሺమିఒఛሻቁ , ଷݕ ൌ ට݄ଶܥ  ெோ


 ఈோఛ
ሺమାఈమఛమమሻ, 

ଷݖ  ൌ ோఈ


 ఈோయ

ሺమାఈమఛమమሻ
, ସݕ ൌ ඨ௬య

మାට௬య
మା௭య

మ

ଶ
, ସݖ ൌ ඨି௬య

మାට௬య
మା௭య

మ

ଶ
, 

ଵܣ   ൌ sinhሺݕସܾଵሻ cosሺݖସܾଵሻ , ଵܤ ൌ coshሺݕସܾଵሻ sinሺݖସܾଵሻ , ଶܣ ൌ sinhሺݕସܾሻ cosሺݖସܾሻ, 
 
ଶܤ ൌ coshሺݕସܾሻ sinሺݖସܾሻ , ଵܥ  ൌ sinhሺݕସܾଶሻ cosሺݖସܾଶሻ , ଵܦ ൌ
coshሺݕସܾ_2ሻ sinsሺݖସܾଶሻ,  
 ݇ହ ൌ ଶܣ  ଵܣ െ ,ଵܥ ݇ ൌ ଶܤ  ଵܤ െ ,ଵܦ ݇ ൌ ଵܥଷሺ݇ହݕ  ݇ܦଵሻ  ଵܥଷሺ݇ݖ െ ݇ହܦଵሻ, 
 ଼݇ ൌ ଵܥଷሺ݇ݕ െ ݇ହܦଵሻ െ ଵܥଷሺ݇ହݖ  ݇ܦଵሻ, ݇ଽ ൌ ݇ଷ݄ଶ െ ݇ସܷ߬ߙ, ݇ଵ ൌ ݇ସ݄ଶ 
݇ଷܷ߬ߙ  
  ݇ଵଵ ൌ ݄݇ଶ െ ,ܷ߬ߙ଼݇ ݇ଵଶ ൌ ଼݄݇ଶ  ܷ݇߬ߙ,  
 ݇ଵ

ଵ ൌ cosሺߚሻ ሺݖܥଶ െ ଶሻݕܦ െ sinሺߚሻ ሺݕܥଶ    ,ଶሻݖܦ
 ݇ଶ

ଵ ൌ cosሺߚሻ ሺݕܥଶ  ଶሻݖܦ െ sinሺߚሻ ሺݖܥଶ   ,ଶݕܦ
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݇ଵ
ଵଵ ൌ

cosሺߚሻ ሾሺݖܥଶ െ ଶሻݕܦ coshሺݕଶݖଶܾଶሻ cosሺݖଶܾଶሻ  ሺݕܥଶ െ ଶሻݖܦ sinhሺݕଶܾଶሻ sinሺݖଶܾଶሻሿ  
 
െsinሺߚሻ ሾሺݕܥଶ  ଶሻݖܦ coshሺݕଶݖଶܾଶሻ cosሺݖଶܾଶሻ െ
ሺݖܥଶ െ ଶሻݕܦ sinhሺݕଶܾଶሻ sinሺݖଶܾଶሻሿ  
 
݇ଶ

ଵଵ ൌ
cosሺߚሻ ሾሺݕܥଶ  ଶሻݖܦ coshሺݕଶݖଶܾଶሻ cosሺݖଶܾଶሻ െ ሺݖܥଶ െ ଶሻݕܦ sinhሺݕଶܾଶሻ sinሺݖଶܾଶሻሿ  
 
െsinሺߚሻ ሾሺݖܥଶ െ ଶሻݕܦ coshሺݕଶݖଶܾଶሻ cosሺݖଶܾଶሻ 
ሺݕܥଶ  ଶሻݖܦ sinhሺݕଶܾଶሻ sinሺݖଶܾଶሻሿ  
 
 
Conclusion 
One can observe the parabolic in nature of velocity profiles for the fluid and dust 
particles plotted as in graphs 3 to 8. It is observed that velocity of fluid particles is 
parallel to velocity of dust particles. It is evident from the graphs 3-5 that, as we 
increase the strength of the magnetic field, it has an appreciable effect on the 
velocities of fluid and dust particles. i.e., the magnetic effect has retarding influence. 
If we increase the number density of the dust particles it effect on the flow, i.e it 
decreases the velocities of both fluid and dust phase. Further one can can observe that 
if the dust is very fine i.e., mass of the dust particles is negligibly small then the 
relaxation time of dust particle decreases and ultimately as ߬ ՜ 0 the velocities of 
fluid and dust particles will be the same.  

 
 

 
 

Figure 3: Variation of fluid and phase velocity with b (case-1). 
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Figure 4: Variation of fluid and phase velocity with b (case-2). 
 

 
 

Figure 5: Variation of fluid and phase velocity with b (case-3). 
 

 
 

Figure 6: Variation of fluid and phase velocity with b (case-1). 
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Figure 7: Variation of fluid and phase velocity with b (case-2). 
 

 
 

Figure 8: Variation of fluid and phase velocity with b (case-3). 
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