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Abstract: The Laplace transform approach has been used to develop an accurate solution to the unsteady free 

convection flow of a viscous incompressible fluid in the presence of foreign mass via a porous media past an 

infinite vertical isothermal plate that was initiated impulsively in a rotating fluid. Numerical values of skin friction 

are presented in a table, and graphs display axial and transverse velocity profiles. As the permeability parameter 

λ increases, the air's transverse velocity decreases in magnitude, and same for rotational parameter 

Rc.Consequently, when the porous medium is denser than when air or water flows as an infinite medium, the flow 

is slow down for λ increases. It is observed that the axial velocity for both water and air becomes irregular as the 

rotating parameter Rc decreases, that the Coriolis forces physically interrupt fluid motion, that the axial velocity-

driven flow of Rc is unstable because of a point of inflection on the axial velocity profiles of both water and air, 

which makes the flow turbulent, and that the flow caused by the transverse velocity is unstable when Rc < 1. As 

the Prandtl number Pr increases, the axial velocity falls. When Schmidt number Sc increases, axial velocity falls 

for both air and water, but when Sc increases, transverse velocity becomes unstable for air. It is observed that 

decrease in N, the ratio of chemical species diffusion to thermal diffusion, leads to an increase in the axial velocity 

because the buoyant force facilitates the movement of air but Transverse velocity decreases for increase in N. As 

N decreases, axial velocity, and transverse velocity decreases for water. S increases then flow become unstable 

for both water and air.  If Rc increases, axial skin friction becomes irregular and transverse skin friction increases 

for air but for water axial skin friction and Transverse skin friction both oscillates. Axial skin friction oscillates 

and transverse skin friction decreases for buoyancy force parameter N for water, and for air, axial skin friction 

and transverse skin friction oscillates. As permeability parameter λ increases, axial and transverse skin friction 

decrease for water, and for air axial velocity decreases and transverse skin friction increases. Axial skin friction 

rises with rise in heat source parameter S whereas Transverse skin friction oscillates as S rises. 
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1. Introduction 

The flow of an incompressible fluid past an 

infinite horizontal plate was first studied by 

Stokes [1] who presented an exact solution of 

Navier-Stokes equation. Analytical solution to 

this problem in case of semi-infinite horizontal 

plate was given by Stewartson( [2] and [3]), 

whereas finite difference solution of the flow 

past a semi-infinite horizontal plate was 

presented by hall [4]. Tani and Yu [5] solved 

this problem by integral method. 

Numerous writers have examined the 

natural convection flow of a viscous 

incompressible fluid past an infinite vertical 

plate; this topic has been covered in numerous 

research papers and books on heat transfer (e.g. 

Ghebart, [6], Bejan [7]). How does the 

impulsive motion occur if it is applied to an 

isothermal vertical plate that is surrounded by a 

stationary mass of fluid? Soundalgekar [8] was 
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the first to study this using the Laplace 

transform approach, examining the impact of 

free convection current close to the plate. Due 

to its significance in industry, the convective 

heat transfer potential of flow through porous 

medium is a relatively recent topic that has 

drawn the attention of numerous researchers 

over the past 30 years. With today's porous 

insulating technologies, as energy costs 

increased and cooling strategies for drying 

porous materials like wheat and improved oil 

were minimized, as well as issues with storing 

heat-generating materials like coal and grains, 

natural gas-cooled electronic equipment and 

nuclear reactors expanded. Understanding fluid 

flow, heat transfer, and mass transfer is 

essential for many industrial operations, such as 

reservoir engineering, which enhances 

subterranean water and oil production. 

Numerous studies have examined natural 

convection through porous media, and earlier 

research has employed models like the Darcy 

flow model to understand flow through porous 

media. Rotating fluids, including the impact of 

Coriolis forces, have also been studied in this 

way. Mass transfer has been the subject of some 

research in a variety of situations, such as Park 

and Lau [9] investigated experimentally how 

the distribution of mass transfer is affected by 

the rotational Coriolis force. More recently, 

Bhalerao and Lahurikar [10] investigated the 

impact of mass transfer on transient flow across 

an infinite vertical plate in a spinning fluid. 

Isothermal fluxes in rotating porous media have 

been the subject of little research, as 

demonstrated by Vadasz [11] and Bejan [12]. 

Additionally, the study is pertinent to 

geophysical applications including atmospheric 

and ocean circulation. 

        Srinivasa Raju et al. [13] investigate how 

unstable MHD free convection flow past an 

infinite vertical plate is affected by thermal 

radiation and heat sources. Analytical and 

numerical solutions for unsteady MHD free 

convection flow via an exponentially moving 

vertical plate were discovered by Srinivasa 

Raju and Gorla [14]. Sheri and Srinivasa Raju 

[15] discovered that viscous dissipation 

affected the transient free convection flow 

through a porous media via an infinite vertical 

plate. Raju et al. [16] investigated the use of the 

finite element approach for unsteady MHD free 

convection flow past a porous plate that is 

inclined vertically. According to Srinivasa Raju 

et al. [17], the unstable hydromagnetic natural 

convection Couette flow was also numerically 

solved. Studies on chemical reactions and 

nanofluids are also visible. The numerical 

solution for unsteady MHD natural convection 

heat and mass transfer is provided by Reddy et 

al. [18]. The impact of chemical reactions on 

unsteady fluid flow across an exponentially 

accelerated vertical plate was discovered by 

Srinivasa Raju et al. [19]. Dodda et al. [20] 

investigated heat transfer and MHD boundary 

layer flow of nanofluid over a nonlinear 

stretching sheet. 

                The impact of free convection 

currents on the impulsive motion of an infinite 

vertical plate given a motion in a stationary 

fluid was previously examined by 

Soundalgekar [8]. The impact of free 

convection currents on the motion of an infinite 

vertical plate with accelerated motion was 

examined by Soundalgekar and Gupta [21]. The 

equations controlling fluid flow in the presence 

of foreign mass were derived by Gebhart et al. 

in [22]. The impact of mass transfer on a steady 

free convection flow via a semi-infinite vertical 

plate was investigated by Gebhart and Pera 

[23]. Soundalgekar, Pohanerkar, and Lahurikar 

[25)] investigated how heat sources and mass 

transfer affected the flow past an accelerating 

infinite plate. Lahurikar, Gitte, and Ubale Patil 

[24], investigated the effect of mass transfer on 

flow through a porous media past an infinite 

vertical plate that was initiated impulsively in a 

rotating fluid. The impact of mass transfer on 

the Stokes problem for an infinite vertical plate 

in a rotating fluid was also examined by 

Lahurikar, Gitte, and Ubale Patil [26].  
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The need to comprehend this physical 

scenario stems from the lack of study on 

isothermal flow in rotating porous media and 

the limited literature on the effects of mass 

transfer and heat sources on the flow of a fluid 

past an infinite vertical plate that is evenly 

accelerated. Investigating how heat sources and 

mass transfer affect the rotatory flow past an 

accelerated infinite vertical plate through a 

porous media is the aim of the current 

investigation. 

2. Mathematical Analysis 

Consider an infinite vertical plate 

embedded in a porous medium surrounded by a 

viscous incompressible system. Suppose the 

𝑋′-axis is in vertical upward direction along the 

accelerated plate, 𝑌′ is horizontal perpendicular 

to 𝑋′- axis and 𝑍′- is Axis which is normal to 

the 𝑋′-𝑌′ plane. 

Initially plate and fluid are stationary 

and is with uniform initial temperature 𝑇∞
′ . 

Initially fluid concentration level is 𝐶∞
′  and 

porous medium is at steady state. At the time 

𝑡′ > 0 ,plate undergoes uniform acceleration in 

vertical direction, simultaneously temperature 

raised to constant temperature 𝑇𝑤
′   and 

concentration level raised to 𝐶𝑤
′   and fluid starts 

moving along 𝑍′ axis very slowly with angular 

velocity 𝛺′. At the plate is infinite except all the 

physical variables are functions of 𝑍′ and 𝑡′. 

Fluid in porous medium is viscous and 

incompressible and it has uniform porous 

medium distribution. Fluid has uniform angular 

velocity 𝛺′.When fluid moves due to rotation of 

earth steadily, the coriolis forces oppose the 

displacement of fluid element and right angle to 

both the axis of rotation. On a fluid centrifugal 

forces are acting for slowly rotating system and 

if the system is rotating very slowly, the square 

and higher order rotational terms in the 

centrifugal forces maybe neglected. 

Since the plate is infinite in size, heat 

sources are combined and inertia terms are 

insignificant. The flow can then be 

demonstrated to be controlled by the following 

set of equations under standard Boussinesq's 

approximation, ignoring viscous dissipation 

heat and the Sorate-Dufur effect (Gebhart and 

Pera, [23]). 

 

Figure 1: Geometry of problem 
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Following Gebhart and Pera [23], we can show that under usual Boussinesq approximations the 

unsteady free convection flow is governed by a system of coupled partial differential equations: 

𝜕𝑢′

𝜕𝑡′ − 2𝛺′𝑣′ = 𝑔𝛽 (𝑇′ − 𝑇∞
′

) + 𝑔𝛽∗
(𝐶′ − 𝐶∞

′
) + 𝜈

𝜕2𝑢′

𝜕𝑧′2 −
𝜈

𝜅
𝑢′       (1) 

𝜕𝑣′

𝜕𝑡′ + 2𝛺′𝑢′ = 𝜈
𝜕2𝑣′

𝜕𝑧′2 −
𝜈

𝜅
𝑣′                                                              (2) 

𝜌𝐶𝑃
𝜕𝑇′

𝜕𝑡′ = 𝐾
𝜕2𝑇′

𝜕𝑧′2   +𝑆1(𝑇′ − 𝑇∞
′ )                                                       (3) 

𝜕𝐶′

𝜕𝑡′ = 𝐷
𝜕2𝐶′

𝜕𝑧′2                                                                                        (4) 

The initial and boundary conditions are 

𝑡′ ≤ 0, 𝑢′ = 0, 𝑇′ = 𝑇∞
′ , 𝐶′ = 𝐶∞

′                     for all 𝑍′ 

𝑡′ > 0, 𝑢′ = (
𝑈0

3

𝜈
) 𝑡′ , 𝑇′ = 𝑇𝑤

′ , 𝐶′ = 𝐶𝑤
′            at 𝑍′=0 

𝑢′ = 0, 𝑇′ → 𝑇∞
′ , 𝐶′ → 𝐶∞

′                                as    𝑍′ → ∞                       (5) 

        Here, 𝑢′ is the velocity components along 

the 𝑋′ and 𝑣′ is the velocity of  𝑌′ axis 

respectively, g is the acceleration due to 

gravity, 𝛽 is the coefficient of volume 

expansion,𝛽∗ is the coefficient of volume 

expansion with concentration,𝑇′ is the fluid 

temperature near the plate,𝐶∞ the mass 

concentration in the fluid far away from the 

plate, 𝜈 the kinematic viscosity, 𝐶𝑃  is the 

specific heat at constant pressure,𝐾 is thermal 

conductivity, D is the mass diffusivity,𝑈0 is the 

impulsive velocity of the plate, ,𝜅 is the 

coefficient of permeability (which is constant 

and increases with the ease of percolation; the 

conditions under which ,𝜅 can be taken at 

constant are discussed by Muskat [27]), and 𝜌 

is the density. 

On introducing the following nondimensional quantities 

  U= 
𝑢′

𝑈𝑂
  , v= 

𝑣′

𝑈𝑂
  , t= 

𝑡′

𝜈
𝐺𝑈𝑂

2  , z= 
𝑧′𝑈𝑂√𝐺

𝜈
  , Pr= 

𝜇𝐶𝑝

𝐾
   

G=
𝜈𝛽𝑔(𝑇𝑤

′ −𝑇∞
′ )

𝑈𝑜
3 , 𝜃 =

(𝑇′−𝑇∞
′ )

(𝑇𝑤
′ −𝑇∞

′ )
  ,Rc=

𝛺′𝜈

𝐺𝑈𝑂
2=

1

𝐺𝑅𝑂𝑅𝑒
 ,S=𝑆1𝜈2/𝑘𝑈𝑜

2           (6) 

Sc=
𝜈

𝐷
, C=

(𝐶′−𝐶∞
′ )

(𝐶𝑤
′ −𝐶∞)

 ,N =
𝛽∗(𝐶𝑤

′ −𝐶∞
′ )

𝛽(𝑇𝑤
′ −𝑇∞

′ )
  ,𝐾∗ =

𝜈

𝜅𝑈𝑜
2,𝜆 =

𝐾∗

𝐺
 

 

       C is the nondimensional mass 

concentration, G is the Grashof number, N is 

the ratio of buoyancy forces, θ is the 

nondimensional temperature, Sc is the Schmidt 

number, Ro is the Rossby number, Re is the 

Reynolds number, and Rc is the rotational 

parameter caused by Coriolis forces. When the 

porous medium is denser, the porous medium 

parameter, λ, is larger. 

Equation (1) – (5) reduce to the following nondimensional form 

𝜕𝑢

𝜕𝑡
− 2𝑅𝑐𝑣 =

𝜕2𝑢

𝜕𝑧2 +  𝜃 + 𝑁𝐶 − 𝜆𝑢              (7)      

𝜕𝑣

𝜕𝑡
+ 2𝑅𝑐𝑢 =

𝜕2𝑣

𝜕𝑧2 − 𝜆𝑣                                                  (8) 

𝑃𝑟
𝜕𝜃

𝜕𝑡
=

𝜕2𝜃

𝜕𝑧2  +S𝜃                                                                   (9) 
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𝑆𝑐
𝜕𝐶

𝜕𝑡
=

𝜕2𝐶

𝜕𝑧2                                                                            (10)  

The initial and boundary conditions are 

𝑡 ≤ 0, 𝑢 = 0, 𝜃 = 0, 𝐶 = 0            For all Z 

𝑡 > 0, 𝑢 =
𝑡

𝐺
 , 𝜃 = 1, 𝐶 = 1            as Z=0 

𝑢 = 0, 𝜃 = 0, 𝐶 = 0                        as Z→ ∞                                 (11)   

Now we combine (7) and (8) by introducing q=u+iv, which then reduce to  

𝜕𝑞

𝜕𝑡
 + 2iRcq =𝜃 +

𝜕2𝑞

𝜕𝑧2 - 𝜆𝑞 + Nc                                                        (12) 

Pr 
𝜕𝜃

𝜕𝑡
  = 

𝜕2𝜃

𝜕𝑧2 + S𝜃                                                                            (13) 

Sc 
𝜕𝑐

𝜕𝑡
  = 

𝜕2𝑐

𝜕𝑧2                                                                                     (14) 

The initial and the boundary conditions are  

t ≤ 0 ,q = 0,𝜃 =0, c = 0 for all z                                           

t ≥ 0, q =
𝑡

𝐺
 , 𝜃 = 1, c = 1, at z=0                                       

q = 0, 𝜃 = 0, c = 0       as z→ ∞                                         

The solutions of equations (12) – (14) satisfying initial and boundary conditions are derived by the usual 

Laplace transform technique 

 

 C = erfc ((𝜂√𝑆𝑐  ) 

𝜃=
1

2
  {𝑒−√𝑝𝑟𝛼𝑡 (2𝜂)erfc (𝜂√𝑝𝑟 -√𝛼𝑡 ) +  𝑒√𝑝𝑟𝛼𝑡 (2𝜂)erfc (𝜂√𝑝𝑟 + √𝛼𝑡 )} 

q=
𝑡

2𝐺
 ( 𝑒−√𝑏1 𝑡 (2𝜂)erfc (𝜂 -√𝑏1 𝑡 ) + 𝑒√𝑏1 𝑡 (2𝜂)erfc (𝜂 +√𝑏1 𝑡 )) - 

𝜂√𝑡

2𝐺√𝑏1 
 {𝑒−√𝑏1 𝑡 (2𝜂)erfc (𝜂 -√𝑏1 𝑡 ) - 

𝑒√𝑏1 𝑡 (2𝜂)erfc (𝜂 +√𝑏1 𝑡)} - 
𝑁 

2𝑐 (𝑆𝑐−1)
{  𝑒−√𝑏1 𝑡 (2𝜂)𝑒𝑟𝑓𝑐 (𝜂 − √𝑏1 𝑡 ) + 𝑒√𝑏1 𝑡 (2𝜂)𝑒𝑟𝑓𝑐 (𝜂 +

√𝑏1 𝑡 )}+ 
𝑁𝑒𝑐𝑡

2𝑐(𝑆𝑐−1)
{ 𝑒−√(𝑐+𝑏1 )𝑡 (2𝜂)erfc (𝜂 -√(𝑐 + 𝑏1 )𝑡 ) + { 𝑒√(𝑐+𝑏1 )𝑡 (2𝜂)erfc (𝜂 +√(𝑐 + 𝑏1 )𝑡 )} - 

1

𝑎(𝑝𝑟−1)
{ 𝑒−√𝑏1 𝑡 (2𝜂)erfc (𝜂-√𝑏1 𝑡 ) + 𝑒√𝑏1 𝑡 (2𝜂)erfc (𝜂+√𝑏1 𝑡 )} +

𝑒𝑎𝑡

2𝑎(𝑝𝑟−1)
 {𝑒−√(𝑎+𝑏1 )𝑡 (2𝜂)erfc (𝜂 -

√(𝑎 + 𝑏1 )𝑡 ) +  𝑒√(𝑎+𝑏1 )𝑡 (2𝜂)erfc (𝜂  +√(𝑎 + 𝑏1 )𝑡 )} + 
𝑁

𝑏1 
 erfc(√𝑆𝑐 𝜂) - 

𝑁𝑒𝑐𝑡

2𝑐(𝑆𝑐−1)
{𝑒−2𝜂√𝑐𝑡𝑆𝑐erfc(𝜂√𝑆𝑐 

- √𝑐𝑡 )+ 𝑒2𝜂√𝑐𝑡𝑆𝑐erfc(𝜂√𝑆𝑐  + √𝑐𝑡 )} + 
1

2𝑎(𝑝𝑟−1)
{𝑒−2𝜂√𝛼𝑡𝑝𝑟 erfc (𝜂√𝑝𝑟 -√𝛼𝑡) + 𝑒2𝜂√𝛼𝑡𝑝𝑟  erfc (𝜂√𝑝𝑟 

+√𝛼𝑡)} - 
𝑒𝑎𝑡

2𝑎(𝑝𝑟−1)
{𝑒−√𝑝𝑟(𝑎+𝛼)𝑡 (2𝜂) erfc(𝜂√𝑝𝑟 -√(𝑎 + 𝛼)𝑡 ) +  𝑒√𝑝𝑟(𝑎+𝛼)𝑡 (2𝜂)erfc (𝜂√𝑝𝑟  

+√(𝑎 + 𝛼)𝑡 )} 

Where, 𝜂 =
𝑧

2√𝑡
  , 𝑏1 = 𝜆 + 2𝑖𝑅𝑐, c=

𝑏1

𝑆𝑐−1
 ,a= 

𝑠+𝑏1

𝑃𝑟−1
 

To gain physical insight, we have separated q 

into real and imaginary parts with the help of 

formulas given by Lahurikar [28] and 

computed numerical values of u and v. 

We assumed the fluid to be viscous 

incompressible i.e air (Pr = 0.71 when Mach 

number Ma ≪ 1) and water (Pr= 7). The values 
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of Schmidt number Sc are given by Bejan (12) 

(Table 1). 

Table 1: The values of Schmidt number Sc adapted from Bejan [12] 

 

Pr Species at Low Concentration 1 

atm, app 250𝐶 

Sc 

0.71 Hydrogen,𝐻2 

Water Vapour,𝐻2𝑂 

Ammonia,𝑁𝐻3 

Carbon dioxide𝐶𝑂2 

Methanol, 𝐶𝐻3𝑂𝐻 

0.22 

0.60 

0.78 

0.94 

0.99 

7.0 Hydrogen,𝐻2 

Oxygen,𝑂2 

Carbon dioxide, 𝐶𝑂2 

Chlorine, cl 

Calcium chloride, 𝐶𝑎𝐶𝑙2 

152 

356 

453 

617 

750 

From the velocity field, the skin friction is obtained in nondimensional form as 

    2√𝑡 𝜏 = −
𝑑𝑞

𝑑𝜂
|𝜂 = 0 = −(𝜏𝑥 + 𝜏𝑦) 

Where𝜏 =
𝜏′√𝐺

𝜌𝑈0
−

𝑑𝑞

𝑑𝜂|𝜂=0
=

𝑡

𝐺
(−

2

√𝜋
𝑒−𝑏1𝑡 − 2√𝑏1𝑡   𝑒𝑟𝑓√𝑏1𝑡   ) +

𝑁

𝑏1
[−

2

√𝜋
𝑒−𝑏1𝑡 −

2√𝑏1𝑡   𝑒𝑟𝑓√𝑏1𝑡   ] +
𝑁𝑒𝑐𝑡

𝑏1
[−

2

√𝜋
𝑒−(𝑐+𝑏1)𝑡 − 2√(𝑐 + 𝑏1)𝑡   𝑒𝑟𝑓√(𝑐 + 𝑏1)𝑡   ] +

1

(𝑠+𝑏1)
[−

2

√𝜋
𝑒−𝑏1𝑡 −

2√𝑏1𝑡   𝑒𝑟𝑓√𝑏1𝑡   ] +
𝑒𝑎𝑡

(𝑠+𝑏1)
[−

2

√𝜋
𝑒−(𝑎+𝑏1)𝑡 − 2√(𝑎 + 𝑏1)𝑡   𝑒𝑟𝑓√(𝑎 + 𝑏1)𝑡   ] −

2

√𝜋

𝑁

𝑏1
+

𝑁𝑒𝑐𝑡

𝑏1
[−

2

√𝜋
𝑒−𝑐𝑡 − 2√𝑆𝑐  √𝑐𝑡   𝑒𝑟𝑓√𝑐𝑡   ] +

1

(𝑠+𝑏1)
[−

2

√𝜋
𝑒

𝑠𝑡

𝑃𝑟 − 2𝑖√𝑠𝑡   (𝑖√
𝑠𝑡

𝑃𝑟
  )  +

𝑒𝑎𝑡

(𝑠+𝑏1)
[−

2

√𝜋
𝑒−(𝑎+𝛼)𝑡 − 2√𝑃𝑟√(𝑎 + 𝛼)𝑡   𝑒𝑟𝑓√(𝑎 + 𝛼)𝑡   ]] 

Where , , 𝑏1 = 𝜆 + 2𝑖𝑅𝑐, c=
𝑏1

𝑆𝑐−1
 ,a= 

𝑠+𝑏1

𝑃𝑟−1
 

         

 We have separated 𝜏 into real and imaginary 

parts as axial skin friction 𝜏𝑥  and 𝜏𝑦transverse 

skin friction formulas given by lahurikar [28] 

we have computed value of 𝜏𝑥  and 𝜏𝑦 and these 

are listed in Table (2) and Table (3) 

 

 

 

3. Results and discussion 

3.1 Results 

In figure 2-24, the velocity profiles are 

displayed.The results of behaviour of axial 

velocity and Transverse velocity are given 

below:  

1) When all other parameters are held constant, 

axial velocities are displayed for a range of 
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Schmidt number values. The axial velocities of 

air (figure 2) are found to decrease as Sc 

increases.  

2) The axial velocity decreases as the Prandtl 

number Pr rises(figure 3). 

3) The axial velocities of water (figure 4)  is found 

to decrease as Sc rises. As Rc rises axial 

velocity also rises. 

4) Transverse velocity exhibits instability as Sc 

fall (figure 5).   

5) Transverse velocity decreases as Schmidt 

number Sc rises (figure 6).As Rc uprises 

transverse velocity falls. 

6) The buoyant force N increases flow of air 

(figure 7) increases. 

7)  For water (figure 8), it is noticed that there is 

decrease in N, results in decrease in the axial 

velocity.  

8) The air's transverse velocity decreases in 

magnitude as N rises (figure 9). 

9) As the ratio of buoyancy force N grows, so does 

the water's transverse velocity (figure 10). 

10) It is noted that for air (figure 11) flow is 

irregular as Rc increases whereas for water 

(figure 13), the axial velocity becomes irregular 

as the rotating parameter Rc decreases. 

11) In (figure 12) rotating parameter λ increases 

axial velocity decreases. 

12) For water (figure 13), the axial velocity 

becomes irregular as the rotating parameter Rc 

decreases. 

13) It is physically accurate that the Coriolis forces 

interrupt fluid motion. Additionally, it is noted 

that Rc's axial velocity-driven flow is unstable 

due to a point of inflection on the axial velocity 

profiles of both water (figure 15) and air (figure 

14), which causes the flow to become turbulent. 

According to the same conclusion, the flow 

caused by the transverse velocity is unstable 

when Rc < 1. In this case, inertia forces 

dominate the Coriolis forces, resulting in a 

large product of the nondimensional Rossby 

number and the Reynolds number. The flow 

slows down as the Prandtl number rises. 

14) As time t decreases, the axial velocity of air 

decreases (figure 16). 

15) The magnitude of the air's transverse velocity 

falls with increasing time t (figure 17). 

16) As time t decreases axial velocity of water 

decreases(figure 18). 

17) The magnitude of the air's transverse velocity 

drops as the permeability parameter λ rises 

(figure 19) and the same is true for the 

rotational parameter Rc (figure 20) so, the drop 

is larger for high λ when the porous media is 

denser in air (figure 19) or water (figure 21) is 

flowing as an infinite medium.  

18) The transverse velocity of water decreases as λ 

increases (figure 22). 

19) Heat source parameter S increases the flow 

become unstable for both water and air.  (figure 

23 and figure 24) 

By using Lahurikar’s formulae [28] we have 

separated  𝜏𝑥  and  𝜏𝑦 for which using different 

values of Rc, Sc, λ and other parameters we 

found values of axial and transverse skin 

friction, we enlisted Table (2) and Table (3). 

The observations are given here: 

 As time t increases axial skin friction increases 

for both water and air whereas Transverse skin 

friction decreases for both air and water. For 

buoyancy force parameter N axial skin friction 

oscillates and Transverse skin friction also 

decreases for water, also axial skin friction and 

Transverse skin friction both oscillates for air. 

As Coriolis force parameter Rc increases Axial 

and transverse skin friction both become 

unstable for air. But if Rc increases axial skin 

friction and Transverse skin friction is irregular 

for water. As permeability parameter 𝜆 

increases axial skin friction and Transverse skin 

friction decreases for water and for air axial 

skin friction decreases and Transverse skin 

friction increases. From table we also observe 

that increase in Sc leads to decrease in both 

axial friction and transverse skin friction of 
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water also decreases in axial friction of air 

except for Methanol whereas with increase in 

Sc Transverse velocity become instable for air. 

The axial skin friction increases with increase 

in heat source S but Transverse skin friction 

become unstable with rising S. 

 

3.2 Figures and tables 

 

 

Figure 2:- Axial velocities are shown for different values of Schmidt number Sc of air. An increase in 

Sc leads to a decrease in the axial velocity. 

 

 

Figure 3:- As the Prandtl number Pr increases the flow slows down. 

 

Figure 4: - Axial velocities are shown for different values of Schmidt number Sc of water. An 

increase in Sc leads to decrease in axial velocity. As Rc increases axial velocity also increases. 
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Figure 5:- Decrease in the Schmidt number Sc shows instability in the transverse velocity of air. 

 

Figure 6:- An increase in the Schmidt number Sc shows decrease in Transverse velocity. As Rc 

increases Transverse velocity decreases. 

 

Figure 7:- For air, as buoyancy force N decreases, axial velocity falls down 
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Figure 8:- Axial velocity of water decreases with an decreases in ratio of buoyancy forces N. 

 

 

Figure 9:- Transverse velocity of air decreases with an increase in the ratio of buoyancy forces N. 

 

 

Figure 10:- Transverse velocity of water decreases with decrease in ratio of buoyancy forces N. 
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Figure 11: For air, rotating parameter Rc increases then flow is irregular. 

 

Figure 12 :- As permeability parameter or the resistance of the porous medium increases ,the axial 

velocity of air decreases. 

 

Figure 13:- The rotating parameter Rc decreases then flow is irregular. 

 

Figure 14 :- As Rc decreases axial velocity-driven flow is unstable. 
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Figure 15:- As Rc decreases axial velocity-driven flow  for water is irregular 

 

 

Figure 16:- As time t decreases , the axial velocity of air also decreases. 

 

 

 

 

Figure 17 :- As time t increases ,the magnitude of the Transverse velocity of air decreases.. 
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Figure 18:- As time t decreases axial velocity also decreases. 

 

Figure 19 :- As permeability parameter increases , the magnitude of the Transverse velocity of air 

decreases. 

 

 

 

 

Figure 20 :- As rotating parameter Rc increases , Transverse velocity decreases 
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Figure 21 :- As the permeability parameter increases, the axial velocity of water decreases. 

 

Figure 22 :- As the permeability parameter increases, the magnitude of transverse velocity of water 

fall down. As time t increases, Transverse velocity increases. 

 

Figure 23:- Heat source S increases flow become unstable for water. 
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Figure 24:-Axial velocity oscillates as Heat source parameter S  increases. 

Computed values of 𝜏𝑥 and   𝜏𝑦 (Table 2 and Table 3) 

T Pr Rc 𝜆 N Sc 𝜏𝑥  𝜏𝑦  

0.2 7 0.3 0.2 0.2 152 3.94753367 1.65342678 

     356 3.94581708 0.94321784 

     453 3.94541269 0.94308983 

     617 3.94494494 0.94276531 

     750 3.94467738 0.94220503 

  0.5   356 4.01337589 0.52719566 

  0.7    3.51778293 0.69223905 

  0.3 0.4  356 3.71919800 1.07768718 

   2.0   3.51957865 1.05473584 

   0.2 0.4  4.57468530 1.08735273 

    -0.2  2.68808062 0.90674806 

    -0.4  2.05921240 0.27321317 

0.4 7 0.3 0.2 0.2 356 4.92869209 0.94767043 

0.2 7 102 0.2 0.2 356 3.97856705 -0.31591443 

  101    1.64399307 -0.90007510 

  100    3.27140907 0.44336917 

  10−1    5.32347636 1.05346988 

  10−2    7.19565042 2.07074822 

  10−3    7.20678472 2.26000640 
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  10−4    7.20396619 2.27454159 

  10−5    7.20364416 2.27455491 

  10−6    7.20361154 2.27410090 

0.2 100 0.3 0.2 0.2 356 3.78913449 0.70511119 

 

T Pr Rc 𝜆 S N Sc 𝜏𝑥  𝜏𝑦  

0.2 0.71 0.3 0.2  0.2 0.22 8.72634025 -3.32143931 

      0.60 8.43164119 -3.58465353 

      0.78 8.21109929 -3.38993153 

      0.94 7.45764480 -4.27511385 

      0.99 8.22203618 -3.31412186 

  0.5    0.6 13.26639627 -2.83727435 

  0.7     -3.53832428 10.81065909 

  0.3  0.1   0.91612810 -4.36909102 

    0.3   13.01820262 -14.98411523 

    0.6   14.59565062 -8.73100578 

   0.4   0.6 7.70649549 -2.47376135 

   2.0    5.14033348 -0.42251125 

   0.2  0.4 0.6 7.25574330 -4.10589876 

     -0.2  9.78343695 -1.94216307 

     -0.4  9.95933483 -1.22091785 

0.4   0.2  0.2 0.6 9.78482218 -3.81816558 

0.2 0.71 102 0.2  0.2 0.6 22.22201477 -8.32261941 

  101     1.81142640 -5.82606333 

  100     1.93021216 2.79472764 

  10−1     9.37603321 -1.80237785 

  10−2     11.45695236 -0.28481582 

  10−3     11.49944161 -0.02868229 

  10−4     11.49987082 -0.00285806 

  10−5     11.49987511 -0.00027543 

  10−6     11.49987516 -0.00001716 

0.2 0.1 0.3 0.2  0.2 0.6 15.29760983 0.93449258 
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4. Conclusion 

When all other parameters are held constant, 

axial velocities are displayed for a range of 

Schmidt number values. The axial velocities of 

air and water are found to decrease as Sc 

increases. As time t increases, the axial velocity 

increases, and the magnitude of the air's 

transverse velocity increases with increasing 

time t. When Rc decreases for air and water, 

flow become unstable. For air and water, as 

heat source S increases, axial velocity oscillates 

(flow become irregular) 

        For air, both axial and transverse skin 

friction become unstable as the rotation 

parameter Rc rises. However, transverse skin 

friction is irregular for water and axial skin 

friction increases as Rc increases. Axial and 

transverse skin friction decrease with 

increasing permeability parameter λ for water, 

but they increase with decreasing permeability 

parameter λ for air. As the Prandtl number Pr 

increases, the axial velocity falls. The table also 

shows that, except for methanol, a rise in Sc 

causes the transverse velocity of air to become 

unstable, whereas an increase in Sc causes the 

axial friction and transverse skin friction of 

water both decreases. As heat source S grows, 

axial skin friction rises, but transverse skin 

friction becomes unstable. 
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