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The present paper is concerned with the magnetohydrodynamic unsteady rotating 
flows of generalized Burgers' fluid with a porous medium. The flows are created 
by the plate oscillations. Modified Darcy's law has been employed to model the 
governing problem. Closed-form solutions corresponding to cosine and sine os-
cillations are obtained by the Laplace transform method. The performed calcula-
tions disclose that Hartmann number, porosity of the medium, angular frequency, 
and oscillating frequency have strong influence on the velocity. The graphs are 
presented for such influence and examined carefully. 
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Introduction 

Newtonian fluids described by Navier-Stokes equations have been limited in terms 
of their applications. It is because they cannot precisely describe the characteristics of several 
physiological fluids such as polymer solutions and molten polymer. In the literature, they are 
known as non-Newtonian fluids such as ketchup, custard, starch suspension, toothpaste, 
shampoo, paint, and blood. On the other hand, non-Newtonian fluids have many applications 
in industries, oil and gas well, drilling, food stuffs, polymer processing, physiology, and cos-
metic products. Due to wide diversity of non-Newtonian fluids, several models or constitutive 
equations have been proposed such as second grade fluid [1, 2], third grade fluid [3], Maxwell 
fluid [4-6], Oldroyd-B fluid [7], Brinkman type fluids [8] micropolar fluid [9], and nanofluid 
[10, 11]. Amongst them, there is one which is called the generalized Burgers' fluid. This fluid 
model is a general form of the Burgers' fluid model which is capable for the description of 
motion of the Earth's mantle, response of asphalt concrete, geological structures modelling for 
instance olivine rocks, and the propagation of seismic waves in the interior of the Earth [12]. 

On the other hand MHD flows in a porous medium have wide applications in the op-
timization of solidification processes of metals and metal alloys, the geothermal sources in-
vestigation and nuclear fuel debris treatment. The flows of viscoelastic fluid in porous medi-
um are prominent in enhanced oil recovery, paper and textile coating and composite manufac-
turing processes. Further, the MHD viscoelastic fluids in a rotating frame have ample applica-
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tions in geophysics and astrophysics. Having such motivation in mind, Hayat et al. [13, 14] 
investigated the rotating unsteady MHD flows of a second grade and Maxwell fluids with po-
rous medium analytically using Fourier sine transforms, respectively. Hayat et al. [15] also 
investigated rotating flow of a third grade fluid numerically using Newtons' method followed 
by Hayat et al. [16] where exact solution for rotating flow of a generalized Burgers' fluid are 
obtained in a porous half space. Jamil and Fetecau [17] studied rotating flows of a generalized 
Burgers' fluid in cylindrical domains. They obtained exact solutions for velocity field and 
shear stress between two infinite coaxial cylinders by means of Laplace and finite Hankel 
transforms. Khan et al. [18] studied unsteady MHD rotating flow of an incompressible gener-
alized Burgers' fluid past a suddenly moved plate through a porous medium. Few other at-
tempts on rotating flow are given in [19-21]. 

Based on the above motivations, the present study aims to investigate the oscillatory 
and rotating flows in a generalized Burgers' fluid. The fluid is magnetohydrodynamic in the 
presence of an applied magnetic field. The fluid occupying a half porous space is bounded by 
a rigid and non-conducting plate. Exact solutions are obtained using the Laplace transform 
technique [22]. Graphs are shown for the description of various parameters of interest. 

Definition of the problem 

We consider the flow of generalized Burgers' fluid filling a semi-infinite porous 
space 0z >  and rigid plate at z = 0. We select z-axis in a normal direction to the plate and the 
whole system (both fluid and plate) are in a state of solid body rotation with constant angular 
velocity k= Ω



Ω  ( k


is a unit vector in the z-direction). The fluid is electrically conducting 
under an applied magnetic field (0, 0, B0), and the induced magnetic field is not incorporated 
for small magnetic Reynolds number. Initially, the whole system is at rest and for 0,t >  the 
flow is induced by the plate oscillations in its own plane. The governing flow equation with 
imposed initial and boundary conditions in dimensionless form are given by [16]: 
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with F u iv= + . With help of the solution of eqs. (1)-(4), we write: 
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where q  is a Laplace transform parameter and: 

 0 0 0, 1 ,a b aC dB b bC B c C Bγ= + + = + + = +  (8) 

We now write eqs. (6) and (7) as: 
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Hence, we obtain: 
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Equations (10a,b) can be transferred into: 
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Using the inversion formula for compound functions, we obtain: 

 1 1

0

{ [ ( )]} { ( )} ( ) ( , )d£ £F w q F q f u g u ut
∞

− −= = ∫  (12a,b) 

where 1( ) { (£ )},f F qt −=  and 1 ( )( , ) {e }.£ uw qg u t − −=  
Choosing ( , ) e ,qf q ξξ −=  we have that: 

 

2
1

2
1

33
0

( , ) (e ) exp , 0
42 π

1( , ) [ ( , )] exp ( , )d
42 π

£

£

qf

G G q g u u
uu u

ξ ξ ξξ t ξ
tt t

ξ ξξ t ξ t

−−

∞
−

 −= = > 
 

 −= =  
 ∫

  (13a,b) 

where 

01 ( ) 1
1 2 1 2( , ) [e ] e exp [1 ( ) ( ) ( ) ]£ £ ( )uuw q uag u H q H q H q H qq

d
ηt −− − −   = = − − +−  

  
 



Khan, I., et al.: Rotating MHD Flow of a Generalized Burgers’ Fluid over an … 
S186 THERMAL SCIENCE, Year 2015, Vol. 19, Suppl. 1, pp. S183-S190 

0 1 1 2 1 2 2
0 1 22 2 2

, , ,
4 4

a A q A A q Aa
d d d d

γη η η
γ γ

+ +
= − = =

− −
 

2
0 0

1 0 2 02 2,
a aa a aA b A c

d d dd d
γ γ γ

= − − + = − +  

with 

 1 2
1 2

1 2
( ) 1 exp , ( ) 1 expu uH q H qq q q q

η η   = − − = − −   − −   
  (14a,b) 

From eqs. (14a,b), we write: 
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where ( )1J ⋅  denotes the Bessel function of first kind of order one. 
Then, finally one has: 
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Insertion of eq. (16) into eq. (13b) leads to the result: 
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Taking eqs. (12a,b) and (17) into consideration, from eq. (11a,b) we have: 
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Making use of eq. (19), for 0ω →  we give: 
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which corresponds to the Stokes' first problem for MHD generalized Burgers' fluid in a po-
rous medium and rotating frame. 

Results and discussions 

In the present work, the results due to cosine oscillation of plate have been included 
only. However, it is noticed that sine oscillation of plate yields results which are qualitatively 
similar to that of cosine oscillation. The variation of Hartmann number M with the parameters 
W = ω = 0.5, K = 1, b = 0.02, a = 0.04, γ = 0.08, and d = 0.009 has been shown in fig. 1. It is 
found that both real and imaginary parts of velocity decrease when M increases. In fact, this is 
because of an applied magnetic field, which generates a resistive force, which is just like a 
drag force. Such force offers resistance to the flow and consequently the velocity decreases. 
Figure 2 has been prepared for the influence of parameter K on the velocity with the parame-
ters M = 5, W = a = 0.5, ω = 4, b = 0.5, γ = 0.8, and d = 6. It is noted that M and K have oppo-
site role on the velocity. In other words, increase in K leads to a decrease in the drag force, 

 
Figure 1. Variation of M on the velocity profiles 

 
Figure 2. Variation of K on the velocity profiles 
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which ultimately increases the velocity. Figure 3 has been plotted in order to illustrate the be-
havior of W on the velocity with the parameters M = a = 0.5, ω = 5, K = 2, b = 1, γ = 0.8, and 
d = 0.009. It is noted that on increasing W, the magnitude of real part of velocity and bounda-
ry layer thickness decrease whereas the effect of W on imaginary part of the velocity is quite 
opposite to that of the real part of the velocity. The magnitude of velocity and boundary layer 
thickness increase by increasing W. The variation of ω and W on the velocity with the pa-
rameters M = b = 0.5, W = 1.5, K = 2, a = d = 1, and γ = 0.8 are similar in a qualitative sense 
as shown in fig. 4. 

 
Figure 3. Variation of W on the velocity profiles 

 
Figure 4. Variation of ω on the velocity profiles 

Conclusions 

Exact solutions for the unsteady MHD flow of a generalized Burgers' fluid in a po-
rous medium and rotating frame are obtained by Laplace transform method. Results of veloci-
ty for cosine oscillations of the plate are plotted graphically and discussed. It is found that ve-
locity decreases with increasing magnetic parameter while increases for large values of per-
meability parameter. Moreover, the effects of rotating and oscillating frequency parameters 
are opposite. 

Nomenclature 

B0 – applied magnetic field, [T] 
F – complex velocity, [ms–1] 
H(t)  – Heaviside function, [–] 
J1 (·) – Bessel function, [–] 
M – Hartmann number , [–] 
U0 – reference velocity, [ms–2] 
W – dimensionless rotation parameter, [–] 
Z – space variable, [m] 

Greek symbols 

δ(·) – Dirac delta function, [–] 
η – dimensionless space variable, [–] 
λ1, λ2 – retardation time, [s] 
λ3, λ4 – material constant, [–] 
ρ – fluid density, [kgm–3] 
Ω – angular velocity, [rads–1] 
ω0 – oscillating frequency, [s–1] 



Khan, I., et al.: Rotating MHD Flow of a Generalized Burgers’ Fluid over an … 
S190 THERMAL SCIENCE, Year 2015, Vol. 19, Suppl. 1, pp. S183-S190 

References 
[1] Nazar, M., et al., New Exact Solutions Corresponding to the Second Problem of Stokes for Second 

Grade Fluids, Non-Linear Anal. Real World Appl. 11 (2010), 1, pp. 584-591 
[2] Ali, F., et al., New Exact Solutions of Stokes Second for MHD Second Fluid in a Porous Space, Int. J. 

Non- Linear Mech. 47 (2012), 5, pp. 521-525 
[3] Fakhar, K., et al., On the Computation of Analytical Solutions of an Unsteady Magnetohydrodynamics 

Flow of a Third Grade Fluid with Hall Effects, Comput. Math. Appl. 61 (2011), 4, pp. 980-987 
[4] Fetecau, C., et al., A Note on the Second Problem of Stokes for Maxwell Fluids, Int. J. Non-Linear 

Mech. 44 (2009), 10, pp. 1085-1090 
[5] Vieru, D., Rauf, A., Stokes Flows of a Maxwell Fluid with Wall Slip Condition, Can. J. Phys. 89 (2011), 

10, pp. 1-12 
[6] Vieru, D., Zafar, A. A., Some Couette Flows of a Maxwell Fluid with Wall Slip Condition, Appl. Math. 

Inf. Sci. 7 (2013), 1, pp. 209-219 
[7] Tan,W. C., Masuoka, T., Stokes First Problem for an Oldroyd-B Fluid in a Porous Half Space, Phys. 

Fluids, 17 (2005), 023101 
[8] Ali, F., et al., A Note on New Exact Solutions for Some Unsteady Flows of Brinkman-Type Fluids over 

a Plane Wall, Z. Naturforsch. 67a, (2012), 6/7, pp. 377-380 
[9] Qasim, M., et al., Heat Transfer in a Micropolar Fluid over a Stretching Sheet with Newtonian Heating, 

PLoS ONE, 8 (2013), 4, e59393 
[10] Khan, W. A., et al., Buongiorno Model for Nanofluid Blasius Flow with Surface Heat and Mass Fluxes, 

J. Thermophysics Heat Transfer 27 (2013), 1, pp. 134-141 
[11] Makainde, O. D., et al., Buoyancy Effects on MHD Stagnation Point Flow and Heat Transfer of a 

Nanofluid Past a Convectively Heated Stretching/Shrinking Sheet, Int. J. Heat. Mass Transfer 62 (2013), 
July, pp. 526-533 

[12] Ravindran, P., et al., A Note on the Flow of Burgers' Fluid in an Orthogonal Rheometer, Int. J. Eng. Sci. 
42 (2004), 19-20, pp. 1973-1985 

[13] Hayat, T., et al., Analytical Solution for MHD Transient Rotating Flow of a Second Grade Fluid in a Po-
rous Space, Non-Linear Anal.: Real World Appl. 9 (2008), 4, pp. 1619-1627 

[14] Hayat, T., et al., On MHD Transient Flow of a Maxwell Fluid in a Porous Medium and Rotating Frame, 
Phys. Lett. A, 372 (2008), 10, pp. 1639-1644 

[15] Shazad, F., et al., Stokes' First Problem for the Rotating Flow of a Third Grade Fluid, Non-Linear Anal.: 
Real World Appl. 9 (2008), 4, pp. 1794-1799 

[16] Hayat, T., et al., Exact Solution for Rotating Flows of a Generalized Burgers' Fluid in a Porous Space, 
Appl. Math. Model, 32 (2008), 5, pp. 749-760 

[17] Jamil, M., Fetecau, C., Some Exact Solutions for Rotating Flows of a Generalized Burgers' Fluid in Cy-
lindrical Domains, J. Non-Newtonian Fluid Mech. 165 (2010), 23-24, pp. 1700-1712  

[18] Khan, I., et al., Magnetohydrodynamic Rotating Flow of a Generalized Burgers' Fluid in a Porous Medi-
um with Hall Current, Transport in Porous Media 91 (2012), 1, pp. 49-58 

[19] Hazem Ali, A., Transient MHD Flow of a Particular Class of Non-Newtonian Fluids Near a Rotating Po-
rous Disk with Heat Transfer, Phys. Scr. 66 (2002), 6, pp. 458-469 

[20] Hayat, T., et al., Hydromagnetic Rotating Flow of Third Grade Fluid, Appl. Math. Mech. Engl. Ed., 34 
(2013), 12, pp. 1481-1494 

[21] Hayat, T., et al., Oscillatory Couette Flow of Rotating Sisko Fluid, Appl. Math. Mech. Engl. Ed., 35 
(2014), 10, pp. 1301–1310 

[22] Roberts, G. E., Kaufman, H., Table of Laplace Transforms, W. B. Saunders Company, Philadelphia, 
London, 1968 

 

 

Paper submitted: October 10, 2014 
Paper revised: January 21, 2015 
Paper accepted: February 2, 2015 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2159.000 2794.000]
>> setpagedevice


