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Abstract:- Combined Effect of Thermal Modulation and Rotation on the Onset of Convection in 

Walter's B Viscoelastic Fluid Saturated Porous Medium has been investigated. The problem is 

numerically solved using the Galerkin method after applying linear stability analysis and normal modes. 

It is possible to derive the dispersion relation while accounting for the effects of wave number, electric 

Rayleigh number, Darcy number, Taylor number, and thermal electric Rayleigh number. Graphically, 

the effects of the electric Rayleigh number, Darcy number, Wave number, and Taylor number on the 

onset of stationary convection have been studied. Under the boundary conditions considered, The 

kinematic viscoelasticity accounting for rheology of the nanofluid has no effect on the stationary 

convection for Walters’ (model B’) nanofluids and behaves like an ordinary Newtonian nanofluid.   

Keywords: Convection, Temperature Gradient, Porous Medium, Rotation, Walter’s B Viscoelastic 

Fluid. 

1. Introduction 

Thermal convection in fluid-saturated porous media has piqued the interest of researchers in 

recent decades due to its importance in a variety of applications including geothermal energy 

utilisation, enhanced recovery of petroleum reservoirs, thermal insulation engineering, nuclear 

waste repository, grain storage, and mantle convection. The issue is also relevant in many 

engineering applications. Chandrasekhar [1] has provided a comprehensive account of 

Newtonian fluid thermal instability under various hydrodynamic and hydro magnetic 

assumptions. The Darcy model has been used to begin the investigation into porous media. In 

[2-4], a good account of convection problems in a porous medium is given. [5-7] has 

investigated the electrodynamics of continuous media and electrohydrodynamic convection in 

fluids. Electro hydrodynamics is a branch of fluid mechanics that studies fluid motion under 

the influence of electrical forces. It can also be thought of as the part of electrodynamics that 

deals with the effect of moving media on electric fields. The effect of fluid in motion is 

combined with the influence of the field in motion in electro hydrodynamics [8-9]. 
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Choi [10] was the first to use the term "nanofluid." The term "nanofluid" refers to a mixture of 

metallic nanoparticles suspended in base fluids like water, ethanol, or engine oils. The base 

fluids used in nanofluids can be oxide ceramics like Al2O3 or CuO, nitride ceramics like AlN 

or SiN, or various metals like Al or Cu. Nanofluid has many uses in the automotive and energy-

saving industries, among others. Additionally, nanoparticle suspensions are being developed 

for medical uses, such as cancer treatment. Numerous authors [12–22] have discussed the 

thorough investigation of thermal convection in a layer of nanofluid in a porous medium based 

on the Buongiorno [11] model. 

In all the studies mentioned above, Newtonian nanofluids are involved. The study of non-

Newtonian nanofluids, however, has garnered considerable interest due to the growing 

significance of non-Newtonian fluids in geophysical fluid dynamics, chemical technology, and 

the petroleum industry. Walter’s (Model B) [22] elastico-viscous fluid is one of these fluid 

types, and it has application in chemical technology and industry. Numerous significant 

polymers and practical goods are produced using Walter's (Model B) elastico-viscous fluid as 

a starting point. In [24-27], a thorough explanation of the issues with thermal instabilities in a 

Walter’s (Model B) elastico-viscous fluid in a porous medium is provided. 

The study of electrohydrodynamic thermal instability in viscous and viscoelastic fluid has 

attracted a lot of interest. Regarding the onset of convective instability in a dielectric fluid under 

the concurrent action of an AC electric field, Takashima [28], discussed the impact of uniform 

rotation. Researchers [29-36] investigated the onset of electrohydrodynamic instability in a 

horizontal layer of viscous and viscoelastic fluid. 

Recently, The electrohydrodynamic thermal instability in a layer of porous medium saturated 

with a walter’s (Model B) elastico-viscous nanofluid was recently studied by GianC.Rana[37]. 

Weakly nonlinear thermohaline rotating convection in a sparsely packed porous medium was 

studied by A. BenerjiBabu [38]. The combined effect of thermal modulation and an alternating 

current electric field on the beginning of electrothermoconvection in an anisotropic porous 

layer was studied by Mahantesh S. Swamy [41]. The combined effect of suspended particles 

and rotation on double-diffusive convection in a viscoelastic fluid saturated by a Darcy-

Brinkman porous medium was studied by G. C. Rana [42]. M. S. Malashetty [43] investigated 

how rotation and thermal modulation interact to cause stationary convection to begin in a 

porous layer, Combining the Influence of Temperature Modulation and Magnetic Field on the 

Onset of Convection in an Electrically Conducting-Fluid Saturated Porous Medium by B. S. 

Bhadauria [44]. 

Examining the Combined Effect of Thermal Modulation and Rotation on the Onset of 

Convection in Walter's B Viscoelastic Fluid Saturated Porous Medium is the primary goal of 

the current study. For three different types of velocity boundary conditions, namely (i) rigid-

rigid, (ii) free-free, and (iii) lower rigid and upper free, the system's stability characteristics are 
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discussed. To our knowledge, no work has been started for such fluids in this direction. The 

boundary temperature modulation converts the fundamental temperature distribution from 

linear to nonlinear, which helps in effective control of convective instability.  

2. Objectives Mathematical Problem formulation 

We consider a horizontal layer of Walter’s B viscoelastic fluid-saturated porous medium of 

thickness d in the presence of gravity as shown in Fig. 1. The time-dependent temperature of 

lower and upper surfaces of the porous layer is externally imposed and is given by 

𝑇=𝑇0 +1⁄2 ∆𝑇        at        𝑧=0                                                                                                                    (1) 

𝑇=𝑇0−1⁄2 ∆𝑇       at         𝑧=𝑑                                                                                                                    (2) 

𝑇0 is the reference temperature. The time-dependent parts denote the modulation imposed on 

the adverse thermal gradient caused by the temperatures 𝑇0 +∆𝑇⁄2 and 𝑇0 − ∆𝑇⁄2 at the lower 

and upper surfaces, respectively. In addition, a vertical AC electric field is also imposed across 

the layer; the lower and upper surfaces are kept at an alternating potential  𝑉0 +∆𝑇⁄2 and 𝑉0 − 

∆𝑇⁄2, respectively. A Cartesian coordinate system (𝑥,,) is chosen such that the origin is at the 

bottom of the porous layer and 𝑧-axis is directed vertically upward. 

 

      

                                                                  

Figure. 1 Diagrammatic representation 

The relevant basic equations are: 

∆. 𝑞⃗ = 0                                                                                                                                                                 (3) 

 𝜌0 [
1

𝜀

𝜕𝑞⃗⃗

𝜕𝑡
−

2

𝜀
(𝑞⃗ × 𝛺⃗⃗)] = −𝛻𝑝 + 𝜌𝑔⃗ −

1

𝑘
(𝜇 − 𝜇𝑣

𝜕

𝜕𝑡
) 𝑞⃗ + 𝑓𝑒                                                                    (4)                                
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𝜕𝑇

𝜕𝑡
+ (𝑞⃗. 𝛻)𝑇 = 𝐾𝛻2𝑇                                                                                                                                               (5) 

  𝑓𝑒 = 𝜌𝑒 𝐸⃗⃗ −
1

2
𝐸⃗⃗. 𝐸⃗⃗∇𝜀 +

1

2
𝛻 (𝜌

𝜕𝜀

𝜕𝜌
𝐸⃗⃗. 𝐸⃗⃗)                                                                                                            (6) 

 𝜌 = 𝜌0{1 − 𝛼(𝑇 − 𝑇0)}                                                                                                                                             (7) 

where 𝑞⃗ is the velocity, 𝐾 is the permeability of the porous medium, 𝑘 the effective   thermal 

diffusivity, 𝑝 the pressure, 𝑔⃗ is acceleration due to gravity, 𝑇 the temperature, 𝜀 the porosity of 

the medium, 𝛼 the volumetric expansion coefficient, 𝜇 the viscosity, 𝜇𝑣 the viscoelastic 

constant of Walters B liquid, and 𝜌0 is the reference density. 𝐸 ⃗ is the electric field, 𝜌𝑒 is the 

free charge density, Ω ⃗= (0,0, Ω) is the angular velocity, 𝜌 is the density equal to at 𝜌0the 

reference temperature. where the quantities have their pre-defined meaning. The coulomb force 

term 𝜌𝑒 𝐸⃗⃗ , is of negligible order compared with the dielectrophoretic force term for most 

dielectric fluids in a 60-Hz AC electric field. Therefore, the coulomb force term has been 

neglected in (6) and only the dielectrophoretic force term is retained. 

The applicable Maxwell’s equations are  

𝛻 × 𝐸⃗⃗ = 0,  𝛻. (𝜀𝐸⃗⃗) = 0                                                                                                   (8a,8b) 

In view of (7), 𝐸⃗⃗ defined as 𝐸⃗⃗= −𝛻𝑉                                                                                     (9) 

Where the electric potential is 𝑉, the charge density is, 𝜌𝑒 = 𝛻. (𝜀𝐸⃗⃗) and the dielectric 

constant is 𝜀 .    

The dielectric constant is assumed to be a linear function of temperature in the form  

𝜀 =  𝜀0(1 − 𝛾(𝑇 − 𝑇0)                                                                                                          (10)   

 Where the dielectric constant is (𝛾 > 0)   & it is very small. 

2.1 Basic State 

The basic state is quiescent and is given by 

𝑞⃗ = 𝑞⃗𝑏 = 0, 𝑇 = 𝑇𝑏(𝑧),  𝑝 = 𝑝𝑏(𝑧),  𝐸⃗⃗=𝐸𝑏(𝑧)   𝜌⃗ = 𝜌𝑏(𝑧)  𝜀 = 𝜀𝑏(𝑧)  𝑣 = 𝑣𝑏(𝑧)             (11) 
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Where 𝑏 subscript denote the basic state. 

 𝜌 𝑏𝑔⃗ +  𝛻 𝑝𝑏 + 𝑓𝑒 =  0                                                                                                        (12) 

𝑑𝑇𝑏

𝑑𝑧
=  −  

∆𝑇

𝑑
𝑓(𝑧)                                                                                                                              (13) 

The expression for 𝑝𝑏and   𝜌𝑏 is not given as they are not explicitly required in the subsequent 

analysis. 

 𝜌𝑏 = 𝜌0{1 + 𝛼𝛽𝑧}                                                                                                              (14) 

  𝛻 × 𝐸⃗⃗𝑏 = 0,    𝛻. (𝜀 𝐸⃗⃗𝑏) = 0                                                                                    (15)    

It is found that 

𝑇𝑏 − 𝑇0 = −𝛽𝑧                                                                                                                  (16) 

𝐸⃗⃗𝑏(𝑧) =
𝐸0

(1+𝛾𝛽𝑧)
 𝑘̂                                                                                      (17a) 

And hence 

𝑉𝑏(𝑧) = −
𝐸0

𝛾𝛽
log (1 + 𝛾𝛽𝑧)   where    𝐸0 = −

𝑉1𝛾𝛽

log (1+𝛾𝛽𝑧)
                                               (17b) 

Is the root mean square value of the electric field at 𝑧 = 0. 

𝜀𝑏 =  𝜀0(1 + 𝛾𝛽𝑧)                                                                                                  (18) 

𝐸⃗⃗𝑏 = ∇𝑉𝑏                                                                                                                   (19) 

3. Analysis of linear stability 

We give an infinitesimal disturbance to the basic state in the form 

𝑞⃗ = 𝑞′⃗⃗⃗⃗   𝑝 = 𝑝𝑏 + 𝑝′,    𝐸⃗⃗ = 𝐸⃗⃗𝑏 + 𝐸′⃗⃗⃗⃗⃗  𝑇 = 𝑇𝑏 + 𝑇′, 𝜌 = 𝜌𝐵 + 𝜌′, 𝜀 = 𝜀𝑏 + 𝜀′                      (20) 

where 𝑞′, 𝑝′, 𝐸′, 𝑇′, 𝜌′ and 𝜀′ represents the perturbs. Substituting Eq. (20) into Eq.(3)-(10), 

eliminating the pressure by operating curl twice, and retaining the vertical component, we get 

(after ignoring the primes). 
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{
1

𝜀

𝜕

𝜕𝑡
+

𝜇

𝑘𝜌0
(1 −

𝜇𝑣

𝜇

𝜕

𝜕𝑡
)} ∇2𝑤 = 𝛼𝑔∇2

ℎ𝑇 +
2Ω

𝜀

𝜕𝜉

𝜕𝑧
+ 𝑅𝑒𝑎∇2

ℎ𝑇 − 𝑅𝑒𝑎𝛻2
ℎ

𝜕𝑣

𝜕𝑧
                          (21) 

{
1

𝜀

𝜕

𝜕𝑡
+

𝜇

𝑘𝜌0
(1 −

𝜇𝑣

𝜇

𝜕

𝜕𝑡
)} 𝜉 =

2Ω

𝜀

𝜕𝑤

𝜕𝑧
                                                                                          (22) 

(𝑀
𝜕

𝜕𝑡
− ∇2) 𝑇 = −𝑓(𝑧)𝑤                                                                                                     (23) 

∇2𝑉 =
𝜕𝑇

𝜕𝑧
                                                                                                                                (24) 

Non-dimensionalzing the equations by setting 

(𝑥∗, 𝑦∗, 𝑧∗) = (
𝑥

𝑑
,
𝑦

𝑑

𝑧

𝑑
),   𝑇∗ =

𝑇

∆𝑇
,   𝑤∗ =

𝑤

𝑘 𝑑⁄
, 𝑡∗ =

𝑡

𝑑2𝜀 𝑘⁄
,    𝑞⃗′ =

𝑘

𝑑
,   𝜉′ =

𝑘

𝑑2
, 

  𝑉′ = 𝛾𝐸0∆𝑇𝑑                                                                                                                       (25) 

and substituting Eq. (25) into Eq. (21) – (24), we obtain, respectively, 

{
1

𝑝𝑟

𝜕

𝜕𝑡
+ 𝐷𝑎−1 (1 −

Γp

𝑝𝑟

𝜕

𝜕𝑡
)}∇2𝑤 − 𝑅𝑡∇

2
ℎ𝑇 + 𝑇𝑎

1
2⁄

𝜕𝜉

𝜕𝑧
+ 𝑅𝑒𝑎∇2

ℎ𝑇 − 𝑅𝑒𝑎𝛻2
ℎ

𝜕𝑣

𝜕𝑧
= 0         (26) 

{
1

𝑝𝑟

𝜕

𝜕𝑡
+ 𝐷𝑎−1 (1 −

𝛤𝑝

𝑝𝑟

𝜕

𝜕𝑡
)} 𝜉 − 𝑇𝑎

1
2⁄

𝜕𝑤

𝜕𝑧
                                                                               (27) 

(𝑀
𝜕

𝜕𝑡
− ∇2) 𝑇 = −𝑓(𝑧)𝑤                                                                                                     (28) 

∇2𝑉 =
𝜕𝑇   

𝜕𝑧
                                                                                                                              (29) 

Where 𝑅𝑡 = 𝛼𝑔Δ𝑇𝑑3 𝑣𝑘⁄  is the thermal Rayleigh number, 𝑅𝑒𝑎 = 𝛾2𝜀0𝐸
2
0(Δ𝑇)2𝑑2 𝜇𝑘⁄  is 

the AC electric Rayleigh number,  𝑇𝑎 = 4Ω2𝑑4

𝑣2 
⁄   is the Taylor number, 𝑝𝑟 = 𝑣 𝑘𝜀2⁄   is 

the modified  

Prandtl number,  Γp = 𝜇𝑣𝜀 𝜌0𝑑
2⁄  is the elastic parameter, 𝑀 = 𝐴ℎ 𝜀⁄  is a modified thermal 

capacity ratio, 𝐷𝑎 = 𝑘 𝑑2⁄  is the Darcy number and 𝜉 = 𝜕𝑣 𝜕𝑥⁄ − 𝜕𝑢 𝜕𝑦⁄  is the z-component 

of vorticity. 



 
Received: 10-10-2023         Revised: 18-12-2023 Accepted: 25-12-2023 

 47 Volume 47 Issue 4 (December 2023) 

https://powertechjournal.com 

 

The boundaries of the porous layer are assumed to be either free or rigid with fixed 

temperature and electric potential at the boundaries. Accordingly, the boundary conditions on 

the stress-free boundary are, 

𝑤 =
𝜕2𝑤

𝜕𝑧2 = 𝑇 =
𝜕𝜉

𝜕𝑧
=

𝜕𝑣

𝜕𝑧
= 0 = 𝐷𝑇                                                                                      (30) 

and on the rigid boundaries, the conditions are 

𝑤 =
𝜕𝑤

𝜕𝑧
= 𝑇 = 𝜉 = 𝑉 = 0                                                                                                     (31) 

It may be noted that only one type of boundary condition on 𝑉 is considered on the rigid and 

stress-free boundaries in investigating the problem although either of the conditions can be 

imposed on these boundaries [8,11]. 

3.1 Normal Mode Study 

To carry out the linear stability analysis, we employ the normal mode analysis procedure in 

which we look for the solution of the form  

(𝑤, 𝑇, 𝑉, 𝜉) = (𝑊, 𝜃, 𝜙, 𝑍) e(𝑖𝑙𝑥+𝑖𝑚𝑦+𝜔𝑡)                                                                    (32) 

where  ‘𝑙′and ‘𝑚’ are the horizontal wave numbers in the 𝑥 and 𝑦 directions respectively and 

𝜔 = 𝜔𝑟 + 𝑖𝜔𝑖  is the growth rate. Substituting Eq. (32) into Eq. (26)– (29), we obtain, 

{
𝑤

𝑝𝑟
+ 𝐷𝑎−1 (1 −

Γp

𝑝𝑟
𝑤)} (𝐷2 − 𝑎2)𝑊 − 𝑅𝑡𝑎

2𝜃 + 𝑇𝑎
1

2⁄ 𝐷𝑍 + 𝑅𝑒𝑎𝑎2𝜃 − 𝑅𝑒𝑎𝑎2𝐷∅ = 0   (33) 

{
𝑤

𝑝𝑟
+ 𝐷𝑎−1 (1 −

𝛤𝑝

𝑝𝑟
𝑤)}𝑍 − 𝑇𝑎

1
2⁄ 𝐷𝑊 = 0                                                                        (34) 

(𝑀𝑤 − (𝐷2 − 𝑎2))𝜃 + 𝑓(𝑧)𝑤 = 0                                                                                      (35) 

(𝐷2 − 𝑎2)∅ − 𝐷𝜃 = 0                                                                                                          (36) 

where 𝐷 = 𝑑 𝑑𝑧⁄  and 𝑎 = √𝑙2 + 𝑚2 is the dimensionless horizontal wave number,  

The above equations are to be solved subject to appropriate boundary conditions. 

At both the boundaries rigid, 
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𝑊 = 𝐷𝑊 = 𝜃 = 𝑍 = ∅ = 0  𝑎𝑡 𝑧 = 0, 1                                                                           (37) 

At the both the boundaries free, 

 𝑊 = 𝐷2𝑊 = 𝜃 = 𝐷𝑍 = 𝐷∅ = 0  𝑎𝑡 𝑧 = 0, 1                                                                   (38) 

and at the lower rigid surface, (𝑧 = 0)  

𝑊 = 𝐷𝑊 = 𝜃 = 𝑍 = ∅ = 0                                                                                               (39a) 

And at the upper free interface (𝑧 = 1) 

𝑊 = 𝐷2𝑊 = 𝜃 = 𝐷𝑍 = 𝐷∅ = 0                                                                                        (39b) 

3.2  Numerical solution of the problem 

It has been observed that oscillatory convection occurs only if the Prandtl number 𝑃𝑟 is less 

than unity and the Taylor number exceeds a threshold. But for dielectric fluids, Prandtl number 

is much greater than unity (for example, for corn oil 𝑃𝑟 = 480, silicone oil 𝑃𝑟 = 100 and for 

caster oil 𝑃𝑟 = 10,000 ) and hence the oscillatory convection is ruled out as the preferred mode 

of instability for dielectric fluids. Under the circumstances, we restrict ourselves to the case of 

steady onset and put 𝜔 = 0 in Eq. (26)–(29). As in the case of stress-free isothermal boundaries, 

an exact solution is not possible for the other types of velocity and temperature boundary 

conditions and then one has to resort to numerical methods to extract the critical stability 

parameters. For this, the Galerkin method is adopted to solve the resulting eigenvalue problem. 

Accordingly, the variables are written in a 

𝑊 = Σ𝐴𝑖𝑊𝑖   𝜃 = 𝛴𝐵𝑖𝜃𝑖      𝑍 =  𝛴𝐶𝑖𝑍𝑖        ∅ =  𝛴𝐷𝑖∅𝑖                                                                           (40) 

where 𝐴𝑖 , 𝐵𝑖 , 𝐶𝑖 and 𝐷𝑖 are constants and the basis functions𝑊𝑖 , 𝜃𝑖  , 𝑍𝑖   and ∅𝑖 will be 

represented by the power series satisfying the respective boundary conditions. Substituting Eq. 

(40) into Eq. (26)–(29) (after noting 𝜔 = 0 ), multiplying the resulting momentum equation 

by𝑊𝑗(𝑧), vorticity equation by 𝑍𝑗(𝑧), energy equation by 𝜃𝑗(𝑧), electric potential equation by 

∅𝑗(𝑧); performing the integration by parts with respect to 𝑧 between 𝑧 =  0 and 𝑧 =  1 and 

using the boundary conditions, leads to the following system of linear homogeneous algebraic 

equations: 

𝐴𝑖𝐸𝑗𝑖 − 𝐵𝑖𝐹𝑗𝑖 + 𝐶𝑖𝐺𝑗𝑖 − 𝐷𝑖𝐻𝑗𝑖 = 0                                                                                                                  (41) 

−AiIji + CiJji = 0                                                                                                                                                     (42) 

Where 
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𝐴𝑖𝐾𝑗𝑖 + 𝐵𝑖𝐿𝑗𝑖 = 0-                                                                                                                                                  (43) 

−𝐵𝑖𝑀𝑗𝑖 + 𝐷𝑖𝑁𝑗𝑖 = 0                                                                                                                                                 (44) 

Where 

𝐺𝑗𝑖 = 𝑇𝑎
1

2⁄ 𝑊𝑗𝐷𝑍𝑖 

𝐻𝑗𝑖 = 𝑅𝑒𝑎𝑎2𝑊𝑗𝐷∅𝑖) 

𝐼𝑗𝑖 = 𝑇𝑎
1

2⁄ 𝑍𝑗𝐷𝑊𝑖 

 𝐽𝑗𝑖 = {
𝑤

𝑝𝑟
+ 𝐷𝑎−1 (1 −

𝛤𝑝

𝑝𝑟
𝑤)}𝑍𝑗𝑍𝑖 

𝐾𝑗𝑖 = 𝜃𝑗  𝑓(𝑧)𝑊𝑗 

𝐿𝑗𝑖 =Mw𝜃𝑗𝜃𝑖 − 𝜃𝑗(𝐷
2 − 𝑎2)𝜃𝑖 

𝑀𝑗𝑖 = ∅𝑗𝐷𝜃𝑖 

𝑁𝑗𝑖 = ∅𝑗(𝐷
2 − 𝑎2)∅𝑖 

Where the inner product as (……… . )  = ∫ (… . . )𝑑𝑧.
1

0
 The above set of homogeneous algebraic 

equations can have a non-trivial solution if and only if  

[
 
 
 
 
𝐸𝑗𝑖 𝐹𝑗𝑖

𝐼𝑗𝑖 𝐽𝑗𝑖
       

𝐺𝑖𝑗 𝐻𝑗𝑖

0 0
𝐾𝑗𝑖 0

0 𝑀𝑗𝑖
        

𝐿𝑗𝑖 0

0 𝑁𝑗𝑖]
 
 
 
 

= 0                                                                                                                                 (45) 

We select trial functions satisfying the appropriate boundary conditions as follows:              

(i) Both the boundaries Rigid-rigid  

𝑊𝑖 = (𝑧4 − 2𝑧3 + 𝑧2 )𝑇∗
𝑖−1,    𝜃𝑖 = (𝑧 − 𝑧2) 𝑇∗

𝑖−1 = ∅𝑖 ,   𝑍𝑖 = (𝑧4 − 5𝑧3 2⁄ +

  3𝑧2 2⁄  )𝑇∗
𝑖−1                                                                                                                                  (46a) 
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(ii) Both the boundaries Free-free  

𝑊𝑖 = (𝑧4 − 2𝑧3 + 𝑧 )𝑇∗
𝑖−1, 𝜃𝑖 = (𝑧 − 𝑧2) 𝑇∗

𝑖−1, ∅𝑖 = 𝑍𝑖 = (𝑧3 − 3𝑧2 2⁄ + 3 2⁄  )𝑇∗
𝑖−1                                                                                                                                                                                     

(46b) 

(iii) Lower rigid and upper free boundaries 

Wi = (z4 − 5z3 2⁄ +  3z2 2⁄  )T∗
i−1, θi = (z − z2) T∗

i−1, ∅i = Zi = (z4 − 2z3 + z2 )T∗
i−1 

                                                                                                                                  (46c) 

With temperature gradient 𝑓(𝑧) = 2𝑧   𝑎𝑛𝑑   𝑓(𝑧) = 𝑧2                                                   (46d) 

 

where𝑇∗
𝑖−1  (𝑖 =  1,2, . . . 𝑛) is the modified Chebyshev polynomial of 𝑖𝑡ℎ order. Substituting 

the above trial functions, depending on the boundary combinations considered, in Eq. (45) and 

expanding the determinant leads to the characteristic equation giving the thermal Rayleigh 

number 𝑅𝑡 or the AC electric Rayleigh number 𝑅𝑒𝑎 as a function of the wave number a as well 

as other parameters 𝑅𝑒𝑎 or 𝑅𝑡 as the case may be and the Taylor number 𝑇𝑎. The inner products 

involved in the determinant are evaluated analytically rather than numerically in order to avoid 

errors in the numerical integration. Numerical computations carried out reveal that the 

convergence in finding 𝑅𝑡or 𝑅𝑒𝑎𝑐 with respect to the wave number crucially depends on the 

value of 𝑇𝑎, and for higher values of 𝑇𝑎 more number of terms are found to be required in the 

Galerkin expansion. 

4. Results and discussion  

Combined Effect of Thermal Modulation and Rotation on the Onset of Convection in Walter's 

B Viscoelastic Fluid Saturated Porous Medium is investigated. Since the viscoelastic parameter 

is not appearing in the expressions for R_t in the case of stationary convection there is no 

difference between the viscoelastic and viscous fluid results. Attention is focused on three 

kinds of velocity boundary conditions namely, free–free, rigid–rigid and lower rigid upper free 

which are considered to be either linear or parabolic temperature profiles. To solve the resulting 

eigenvalue problem, numerical techniques are used depending on the boundaries for the 

occurrence of stationary convection.  
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Fig. 2(a): 𝑅𝑡 versus 𝑅𝑒𝑎 at    𝐷𝑎−1 = 10, 𝑇𝑎 = 10,100,1000  for  Rigid-Rigid boundaries 

with linear temperature profiles. 

The variations of 𝑅𝑡 with  𝑅𝑒𝑎 for three different values of  𝑇𝑎 = 10, 100 and 1000 is plotted 

in Fig. 2(a), with fixed  𝐷𝑎−1. From figure 2(a) it is noted that the system become more stable 

with increase in the value of  𝑇𝑎. 
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Fig. 2(b): 𝑅𝑡 versus 𝑅𝑒𝑎 at 𝐷𝑎−1 = 10, 𝑇𝑎 = 10,100,1000 for Rigid-Free, Free-Free 

boundaries with linear temperature profiles. 
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The variations of 𝑅𝑡 with 𝑅𝑒𝑎 for three different values of the 𝑇𝑎 = 10, 100 and 1000 is plotted 

in Fig.2(b), with fixed   𝐷𝑎−1. From the figure 2(b) it is found that  𝑅𝑡 decreases with the 

increase in the value of 𝑅𝑒𝑎 and there by implying a destabilising effect and increase in 𝑇𝑎 

gives more stabilizing effect. And it is also noted that Free-Free boundaries have more non-

destabilizing effect compared to Rigid- Free boundaries. 
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Fig. 3(a): 𝑅𝑡 versus 𝑅𝑒𝑎 at 𝑇𝑎 = 10, 𝐷𝑎−1 = 10,15,20for Rigid-Rigid, boundaries with 

linear temperature profiles. 

The variations of 𝑅𝑡 with the 𝑅𝑒𝑎 for three different values of the   𝐷𝑎−1, namely,     𝐷𝑎−1 = 

10, 15 and 20 is plotted in Fig.3(a), with fixed  𝑇𝑎. From the figure 3(a) it is evidenced that  𝑅𝑡 

decreases with the increase in the value of   𝐷𝑎−1 and there by implying a destabilising effect.  
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Fig: 3(b): 𝑅𝑡 versus 𝑅𝑒𝑎 at 𝑇𝑎 = 10, 𝐷𝑎−1 = 10,15,20  for  Rigid-Free, Free-Free 

boundaries with linear temperature profiles. 

The variations of 𝑅𝑡 with 𝑅𝑒𝑎 for three different values of 𝐷𝑎−1, namely,    𝐷𝑎−1 = 10, 15 and 

20 is plotted in Fig.3(b), with fixed 𝑇𝑎. From the figure 3(b) it is found that 𝑅𝑡 increases with 

the decrease in the value of  𝑅𝑒𝑎 and there by implying a destabilising effect. It is also noted 

that both the free boundaries have more non-destabilizing effect compared to Rigid- Free 

boundaries and has a non-destabilizing effect system in increase in the value of   𝐷𝑎−1. 
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Fig: 4(a): 𝑅𝑡 versus  𝑎  at 𝑇𝑎 = 10,  𝑅𝑒𝑎 = 1000 ,  𝐷𝑎−1 = 10,15,20 for Rigid-Rigid 

boundaries with linear temperature profiles. 
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 The variations of 𝑅𝑡 with  𝑎 for three different values  𝐷𝑎−1,   namely, 𝐷𝑎−1 = 10,15 𝑎𝑛𝑑 20 

is plotted in Fig:5(a), with fixed 𝑇𝑎.From the figure 4(a) shows the 𝑅𝑡 decreases with an 

increase in the value of 𝐷𝑎−1 and there by implying a destabilizing effect.  
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Fig:4(b): 𝑅𝑡 versus 𝑎 at 𝑇𝑎 = 10,   𝐷𝑎−1 = 10,15,20for Rigid-Free, Free-Free boundaries 

with linear temperature profiles. 

The variations of 𝑅𝑡 with the 𝑎 for three different values of the, 𝐷𝑎−1. namely, 𝐷𝑎−1 =

10,15 𝑎𝑛𝑑 20 is plotted in Fig:4(b), with fixed 𝑇𝑎.figure 4(b) demonstrate the neutral cures 

for Free-Free and Rigid-Free boundaries. The neutral cures exhibit single but different 

minimum w.r.to the wave number for various values of physical parameters and also for Rigid- 

Free and Free-Free boundaries. The region below each neutral cures corresponds to the stable 

state of the system. It is also observed that both the boundaries are free are more stable 

compared to Rigid -Free boundaries.   
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Fig:6(a): 𝑅𝑡 versus 𝑅𝑒𝑎 at    𝐷𝑎−1 = 10, 𝑇𝑎 = 10,100,1000  for  Rigid-Rigid boundaries 

with   parabolic temperature profiles. 
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The variations of 𝑅𝑡 with the 𝑅𝑒𝑎 for three different values of the 𝑇𝑎, namely, 𝑇𝑎 = 10, 100 

and 1000 is plotted in Fig:6(a), with fixed    𝐷𝑎−1. From the figure 6(a) it is observed that 

𝑅𝑡decreases with the increase in the value of  𝑇𝑎  and there by implying a destabilising effect.  
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Fig.6(b): 𝑅𝑡 versus 𝑅𝑒𝑎 at 𝐷𝑎−1 = 10, 𝑇𝑎 = 10,100,1000 for Rigid-Rigid boundaries with 

parabolic temperature profiles 

The variations of 𝑅𝑡 with  𝑅𝑒𝑎 for three different values of  𝑇𝑎 = 10, 100 and 1000 is plotted 

in Fig.6(b), with fixed 𝐷𝑎−1. From the figure 6(b) it is found that 𝑅𝑡 decreases with the increase 

in the value of 𝑅𝑒𝑎  and there by implying a destabilising effect and increase in 𝑇𝑎 gives more 

stabilizing effect. And it is also noted that both the boundaries are free have more non-

destabilizing effect compared to Rigid- Free boundaries. 
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Fig:7(a): 𝑅𝑡 versus 𝑅𝑒𝑎 at 𝑇𝑎 = 10, 𝐷𝑎−1 = 10,15,20 for Rigid-Rigid boundaries with 

parabolic temperature profiles. 

The variations of  𝑅𝑡 with  𝑅𝑒𝑎 for three different values of the 𝐷𝑎−1, namely, 𝐷𝑎−1  = 10, 15 

and 20 is plotted in Fig:7(a), with fixed 𝑇𝑎 . From the figure 7(a) it is observed that 𝑅𝑡 increases 

with the increase in the value of   𝐷𝑎−1 and there by implying a stabilizing effect. 𝑅𝑡 decreases 

with the increase in the value of  𝑅𝑒𝑎 and there by implying a destabilizing effect. 
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Fig.7(b): 𝑅𝑡 versus 𝑅𝑒𝑎 a  𝑇𝑎 = 10,  𝐷𝑎−1 = 10,15,20 for Rigid-Free and Free-Free 

parabolic temperature profiles 
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The variations of 𝑅𝑡 with  𝑅𝑒𝑎 for three different values of the 𝐷𝑎−1, namely, 𝐷𝑎−1  = 10, 15 

and 20 is plotted in Fig:7(b), with fixed 𝑇𝑎. From the figure 7(b) it is absorbed that 𝑅𝑡  

decreases with the increase in the value of 𝑅𝑒𝑎  and there by implying a destabilising effect and 

increase in 𝐷𝑎−1 gives more stabilizing effect. And it is also noted that rigid-free boundaries 

have more stabilizing effect compared to free- free boundaries. 
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Fig:8(a): 𝑅𝑡 versus 𝑎 at , 𝑇𝑎 = 10,𝐷𝑎−1 = 10,15,20 for Rigid-Rigid parabolic temperature 

profiles. 

The variations of  𝑅𝑡 with  𝑎 for three different values of the, 𝐷𝑎−1namely,𝐷𝑎−1 =

10,15 𝑎𝑛𝑑 20 is plotted in Fig:8(b), with fixed 𝑇𝑎. From the Figure 8(a) demonstrate the 

neutral cures for both the boundaries are rigid. The neutral cures exhibit single but different 

minimum with respect to the wave number for various values of physical parameters and also 

for rigid- rigid boundaries. The region below each neutral cures corresponds to the stable state 

of the system. It is also observed that both the boundaries are rigid are more stable with increase 

in value of 𝐷𝑎−1. 
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Fig:8(b): 𝑅𝑡 versus 𝑎 at 𝑇𝑎 = 10,𝐷𝑎−1 = 10,15,20for Free-Free and Rigid-Free parabolic 

temperature profiles. 

The variations of 𝑅𝑡 with the 𝑎 for three different values of the, 𝐷𝑎−1namely,𝐷𝑎−1 =

10,15 𝑎𝑛𝑑 20 is plotted in Fig:8(b), with fixed 𝑇𝑎 . System has a destabilizing effect with the 

increase in value of 𝐷𝑎−1. 
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Fig:9: 𝑅𝑡 versus 𝑎 at 𝐷𝑎−1   = 10, 𝑇𝑎 = 10 𝑅𝑒𝑎 = 1000,4000,7000  values of Rigid-Rigid, 

Free-Free and Rigid-Free parabolic temperature profiles. 
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The variations of 𝑅𝑡 with 𝑎 for three different values of  𝑅𝑒𝑎 = 1000, 4000 and 7000is plotted 

in Fig:9, with fixed 𝐷𝑎−1 &𝑇𝑎.System  has a destabilizing effect with the increase in value of 

𝑅𝑒𝑎. 

Conclusions 

Effect of basic temperature gradients on electrothermal convection in a rotating layer of 

viscoelastic (Walter’s B) fluid Saturated porous medium heated from below is investigated by 

using the Galerkin method. The major findings of this analysis are: 

(i)  With respect to stationary convection,  

(a) the Walter’s -B viscoelastic fluid behaves like an ordinary fluid.  

(b) On the onset of stationary convection has no effect of viscoelasticity. 

(ii) For the case of linear temperature gradient,  

(a) The Taylor number has a stabilizing effect when both the boundaries are rigid. 

(b) The free-free boundaries have more stabilizing effect compared to rigid- free 

boundaries. 

(c) The 𝐷𝑎−1 has a destabilizing effect when both the boundaries are rigid. 

(d) The free-free & rigid-free boundaries have more stabilizing effect compared to 

rigid- free boundaries, while the case is reversed with respect to rigid -rigid 

boundary on non- oscillatory convection. 

(iii) For the case of parabolic temperature gradient,  

(a) The Taylor number has a destabilizing effect when boundaries are rigid-rigid. 

(b) the free-free boundaries have more non-destabilizing effect compared to rigid- 

free boundaries.  

(c) 𝐷𝑎−1 has a destabilizing effect when both the boundaries are rigid. 

(d) the rigid-free boundaries have more non-destabilizing effect compared to both 

the boundaries are free.  

(e) The 𝑅𝑒𝑎 has a non-stabilizing effect on stationary convection. 

(iv) By considering the boundary conditions, oscillatory convection has not happened.  

 Refrences 

[1] Chandrasekhar, S., Hydrodynamic and Hydromagnetic Stability, Dover Publications, New 

York, 1961. 

[2] Vafai, K., Hadim, H.A. (eds.), Handbook of Porous Media, Marcel Decker, New York, 2000. 



 
Received: 10-10-2023         Revised: 18-12-2023 Accepted: 25-12-2023 

 60 Volume 47 Issue 4 (December 2023) 

https://powertechjournal.com 

 

[3] Ingham, D.B., Pop, I., Transport Phenomena in Porous Media, Elsevier, New York, 1998.  

[4] Nield, D.A., Bejan, A., Convection in Porous Media, Springer, New York, 2006.  

[5]  Landau, L.D., Lifshitz, E.M., Electrodynamics of Continuous Media, Pergamon Press, New 

York, Oxford, 1960. 

[6] Roberts, P.H. (1969), Electrohydrodynamic convection, Quart. J Mech. and Appl. Math. 22(2): 

211-220. doi: 10.1093/qjmam/ 22.2.211. 

[7] Castellanos, A. (ed.), electro hydrodynamics, Springer-Verlag Wien, 1998. doi: 10.1007/978-3-

7091-2522-9. 

[8] Melcher, J.R., Taylor, G.I. (1969), electro hydrodynaics: a review of the role of interfacial shear 

stresses, Annu. Rev. Fluid Mech. 1: 111-146. doi: 10.1146/annurev.fl.01.010169.000551. 

[9] Jones, T.B. (1978), Electro hydrodynamically enhanced heat transfer in liquids-A review, In 

T.F. Irvine Jr. & J.P. Hartnett (Eds.) Advances in Heat Transfer, Vol.14, Academic Press, pp. 

107-148. 

[10] Choi, S.U.S, Eastman, J.A. (1995), Enhancing thermal conductivity of fluids with nanoparticles. 

In: D.A. Siginer, H.P. Wang (Eds.) Developments and Applications of Non-Newtonian Flows, 

ASME, New York, Vol. 66: 99-105. 

[11] Buongiorno, J. (2006), Convective transport in nanofluids, ASME J Heat Transfer, 128(3): 240-

250. doi: 10.1115/1.2150834. 

[12] Tzou, D.Y. (2008), Thermal instability of nanofluids in natural convection, Int. J Heat & Mass 

Transfer 51(11-12): 2967- 2979. doi: 10.1016/j.ijheatmasstransfer.2007.09.014. 

[13] Tzou, D.Y. (2008), Instability of nanofluids in natural convection, ASME J Heat Transfer 

130(7): 072401. doi: 10.1115/1.29 08427. 

[14] Kuznetsov, A.V., Nield, D.A. (2010), Thermal instability in a porous medium layer saturated by 

a nanofluid: Brinkman model, Transp. in Porous Media, 81(3): 409-422. doi: 10.1007/s11242- 

009-9413-2. 

[15] Nield, D.A., Kuznetsov, A.V. (2009), Thermal instability in a porous medium layer saturated by 

a nanofluid: A revised model, Int. J Heat & Mass Transfer, 52(25-26):5796-5801. doi: 

10.1016/j.ijheatmasstransfer.2009.07.023. 

[16] Sheu, L.J. (2011), Thermal instability in a porous medium layer saturated with a viscoelastic 

nanofluid, Transp. Porous Med. 88(3): 461-477. doi: 10.1007/s11242-011-9749-2. 

[17] Chand, R., Rana, G.C. (2012), Thermal instability of RivlinEricksen elastico-viscous nanofluid 

saturated by a porous medium, J Fluids Eng. 134(12): 121203. doi: 10.1115/1.4007901. 

[18] Nield, D.A., Kuznetsov, A.V. (2014), Thermal instability in a porous medium layer saturated by 

a nanofluid: A revised model, Int. J Heat & Mass Transf. 68: 211-214. doi: 10.1016/j.ijheat 

masstransfer.2013.09.026. 

[19] Chand, R., Kango, S.K., Rana, G.C. (2014), Thermal instability in anisotropic porous medium 

saturated by a nanofluid- A realistic approach, NSNTAIJ, 8(12): 445-453. 

[20]  Yadav, D., Kim, M.C. (2015), The onset of transient Soretdriven buoyancy convection in 

nanoparticle suspensions with particle-concentration-dependent viscosity in a porous medium, 

J Porous Media, 18(4): 369-378. doi: 10.1615/JPorMedia.v18.i 4.10. 



 
Received: 10-10-2023         Revised: 18-12-2023 Accepted: 25-12-2023 

 61 Volume 47 Issue 4 (December 2023) 

https://powertechjournal.com 

 

[21] Chand, R., Rana, G.C., Yadav, D. (2017), Thermal instability in a layer of couple stress 

nanofluid saturated porous medium, J Theor. & Appl. Mech. 47(1): 69-84. doi: 10.1515/jtam-

2017-0005. 

[22] Chand, R., Rana, G.C. (2017), Thermal instability of Maxwell visco-elastic nanofluid in a 

porous medium with thermal conductivity and viscosity variation, Struct. Integrity and Life, 17 

(2): 113-120. 

[23] Walters, K. (1962), The solution of flow problems in the case of materials with memory, J de 

Mécanique, 1: 479. 

[24] Sharma, V., Rana, G.C. (2001), Thermal instability of a Walter’s (Model B) elastico-viscous 

fluid in the presence of variable gravity field and rotation in porous medium, J Non-Equilib. 

Thermodyn. 26(1): 31-40. doi: 10.1515/JNETDY.2001.003. 

[25] Gupta, U., Aggarwal, P. (2011), Thermal instability of compressible Walter’s (Model B) fluid 

in the presence of Hall currents and suspended particles, Therm. Science, 15(2): 487-500. 

[26] Shivakumara, I.S., Lee, J., Malashetty, M.S., Sureshkumara, S. (2011), Effect of thermal 

modulation on the onset of thermal convection in Walters B viscoelastic fluid-saturated porous 

medium, Transport in Porous Media, 87(1): 291-307. doi: 10.10 07/s11242-010-9682-9. 

[27] Rana, G.C., Kango S.K., Kumar, S. (2012), Effect of rotation on the onset of convection in 

Walter’s (Model B) fluid heated from below in a Darcy-Brinkman porous medium, J Porous 

Media, 15(12): 1149-1153. doi: 10.1615/JPorMedia.v15. i12.70. 

[28] Takashima, M. (1976), The effect of rotation on electrohydrodynamic instability, Canad. J 

Physics, 54(3): 342-347. doi: 10.1 139/p76-039. 

[29] Takashima, M., Ghosh, A.K. (1979), Electrohydrodynamic instability in a viscoelastic liquid 

layer, J. Phys. Soc. Japan, 47: 1717-1722. doi: 10.1143/JPSJ.47.1717. 

[30] Takashima, M., Hamabata, H. (1984), The stability of natural convection in a vertical layer of 

dielectric fluid in the presence of a horizontal AC electric field, J Phys. Soc. Japan, 53(5): 1728-

1736. doi: 10.1143/JPSJ.53.1728. 

[31] Othman, M.I.A. (2004), Electrohydrodynamic instability of a rotating layer of a viscoelastic 

fluid heated from below, Zeitsch. Angewandte Math. und Physik 55(3): 468-482. doi: 10.10 

07/s00033-003-1156-2. 

[32] Shivakumara, I.S., Nagashree, M.S., Hemalatha, K. (2007), Electrothermoconvective instability 

in a heat generating dielectric fluid layer, Int. Commun. in Heat and Mass Transfer 34 (9): 1041-

1047. doi: 10.1016/j.icheatmasstransfer.2007.05.006. 

[33]  Ruo, A.C., Chang, M.C., Chen, F. (2010), Effect of rotation on the electrohydrodynamic 

instability of a fluid layer with an electrical conductivity gradient, Phys. of Fluids, 22(2): 

024102. doi: 10.1063/1.3308542. 

[34] Shivakumara, I.S., Akkanagamma, M., Chiu-On Ng, (2013), Electrohydrodynamic instability of 

a rotating couple stress dielectric fluid layer, Int. J Heat Mass Transfer, 62(1): 761-771. doi: 

10.1016/j.ijheatmasstransfer.2013.03.050. 

[35] Rana, G.C., Chand, R., Yadav, D. (2015), The onset of electrohydrodynamic instability of an 

elastico-viscous Walter’s (Model B) dielectric fluid layer, FME Trans. 43(2): 154-160. doi: 10.5 

937/fmet1502154R. 



 
Received: 10-10-2023         Revised: 18-12-2023 Accepted: 25-12-2023 

 62 Volume 47 Issue 4 (December 2023) 

https://powertechjournal.com 

 

[36] Rana, G.C., Chand, R., Sharma, V. (2016), On the onset of instability of a viscoelastic fluid 

saturating a porous medium in electrohydrodynamics, Rev. Cub. Fis. 33(2): 89-94. 

[37] Gian C. Rana, Hemlata Saxena, Poonam Kumari Gautam (2019), electrohydrodynamic thermal 

instability in a porous medium layer saturated by a walter’s (Model B) elastico-viscous 

nanofluid, Originalni naučni rad / Original scientific paper UDK /UDC: 537.311.35:519.87. 

[38] A. Benerji Babu, Devarapu Anilkumar N, Venkata Koteswara Rao (2022), Weakly nonlinear 

thermohaline rotating convection in a sparsely packed porous medium,      

https://doi.org/10.1016/j.ijheatmasstransfer.2022.122602. 

[39] T. Gowri, A. Selvaraj (2022), Fluid Performance of Unsteady MHD Parabolic Flow Past                                                

an Accelerated Vertical Plate in The Presence of Rotation Through Porous Medium, Vol. 7 No. 

5 May, 2022. 

[40] M. Kpossa, A. V. Monwanou (2022), Combined Effects of Helical Force and Rotation on 

Stationary Convection of a Binary Ferrofiuid in a Porous Medium, 

https://doi.org/10.2478/ijame-2022-0026. 

[41] Mahantesh S. Swamy (2017), Combined Effect of Thermal Modulation and AC Electric Field 

on the Onset of Electrothermoconvection in anisotropic Porous Layer, Columbia International 

Publishing American Journal of Heat and Mass Transfer (2017) Vol. 4 No. 3 pp. 95-114 

doi:10.7726/ajhmt.2017.1011. 

[42] G. C. Rana and R. C. Thakur (2013), Combined Effect of Suspended Particles and Rotation on 

Double-Diffusive Convection in a Viscoelastic Fluid Saturated by a Darcy-Brinkman Porous 

Medium, Vol. 5 · Number 2 · 2013. 

[43] M. S. Malashetty and Mahantesh Swamy (2007), Combined effect of thermal modulation and 

rotation on the onset of stationary convection in a porous layer, Transp Porous Med (2007) 

69:313–333. 

[44] B. S. Bhadauria (2008), Combined Effect of Temperature Modulation and Magnetic Field on 

the Onset of Convection in an Electrically Conducting-Fluid Saturated Porous Medium, Journal 

of Heat Transfer MAY 2008, Vol. 130 / 052601-3. 

 

 

  


