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Abstract:The effect of uniform and non-uniform salinity 

gradients on the onset of triple diffusive convection in a 

system of composite layers enclosing an incompressible, 

three component, electrically conducting fluid which lies 

above a saturated porous layer of the identical fluid is 

studied analytically. The upper boundary of the fluid layer 

and the lower boundary of the porous layer are static and 

both the boundaries are insulating to heat and mass.  At 

the interface, the velocity, shear stress, normal stress, heat, 

heat flux, mass and mass flux are presumed to be 

continuous, intended for Darcy-Brinkman model. An 

Eigenvalue problem is attained and the same is solved by 

the regular perturbation approach. The critical Rayleigh 

number which is the guiding principle for the invariability 

of the system is accomplished for every salinity profile 

individually. The effects of various physical parameters on 

the onset of Triple diffusive convection are considered for 

all the profiles graphically. 

 

Keywords: Triple diffusion, non-uniform Salinity 

gradients, Regular perturbation method, Darcy-Brinkman 

model. 

 

I. INTRODUCTION 

In standard Benard problem, density difference was the only 

destabilizing source due to which the system was unstable. 

This unstability is due to the difference in temperature 

between the two surface boundaries of the fluid. This 
situation where the temperature is the only diffusing 

component is referred to as single component diffusion. 

IfT theT fluidT hasT additionalT saltT dissolvedT inT itT 

thenT thereT areT twoT destabilizingT sourcesT forT theT 

densityT differenceT i.e.T temperatureT fieldT andT saltT 

field,T whichT isT knownT asT doubleT diffusion.T 

AlongT withT theT temperature,T ifT thereT areT twoT 

moreT agenciesT (salts)T presentT dissolvedT inT theT 

fluidT theT convectionT isT referredT toT asT tripleT 

diffusiveT convection.T TheT effectT ofT aT thirdT 

diffusiveT agentT isT receivingT muchattentionT inT 

presentT dayT researchT fieldT asthereT areT numerousT 
physicalT systemsT withtwoT dissolvedT saltsT diffusingT 

independentlyalongT withT temperatureT field. 
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GriffithsT [4],T TurnerT [19]T recognizedT thatT thereT 

areT manyT situationsT whereT moreT thanT twoT 

dissolvedT saltsT areT presentT alongT withT theT 

temperatureT field.T ForT instance:T solidificationT ofT 

moltenT alloys,T geothermallyT heatedT lakes,T 

oceanography,T high-qualityT crystalT production,T 
oceanography,productionT ofT pureT medication,T 

undergroundwaterT flowT andT manyT more. 

GriffithsT [4],T PearlsteinT etT alT [8]T andT LopezT [5]T 

investigatedT theoreticallyT theT onsetT ofT convectionT 

inT anT infiniteT horizontalT layerT ofT tripleT diffusiveT 

fluid.T ShivakumaraT IT ST andT KumarT [16]T 

investigatedT theT bifurcationT analysisT ofT aT triplyT 

diffusiveT coupledT stressT fluidT inT termsT ofT aT 

simplifiedT modelT consistingT ofT sevenT nonlinearT 

ordinaryT differentialT equations.T ShivakumaraT IT ST 

andT KumarT [17]T haveT studiedT theT linearT andT 

weaklynonlinearT tripleT diffusiveT convectionT inT 
coupleT stressT fluidT layer.T K.R.T RaghunathaandT I.ST 

ShivakumaraT [9]T haveT investigatedtheT tripleT 

diffusiveT convectionT inT anT Oldroyd-BT fluid-

saturatedT porousT layerT byT performingT linearT andT 

weaklyT nonlinearT stabilityanalyses.T SameenaT 

TarannumT andT S.T PraneshT [14]T haveT studiedT aT 

nonlinearT tripleT diffusiveT convectionT inT aT rotatingT 

coupleT stressT liquidT toT studyT theT effectT ofT heatT 

andT massT transferT byT derivingT GinzburgT -T 

LandauT equation.T ChandT ST [1]T studiedT 

theoreticallyT theT triple-diffusiveT convectionT inT aT 
micropolarT ferrofluidT layerT heatedT andT solutedT 

belowT withT transverseT uniformT magneticT fieldT 

alongT withT uniformT verticalT rotation.T RanaT G.CT 

etT alT [11]T haveT studiedT theT onsetT ofT triple-

diffusiveT convectionT inT aT horizontalT layerT ofT 

nanoT fluidT heatedT fromT belowT andT saltedT fromT 

aboveT andT belowT bothT analyticallyT andT 

numerically.T RioneroT [12]T studiedT aT triplyT 

convectiveT diffusiveT fluidT mixtureT saturatingT aT 

porousT horizontalT layer,T heatedT fromT belowT andT 

saltedT fromT above.T RioneroT [13]T alsoT investigatedT 
theT multicomponentT diffusiveT convectionT inT theT 

porousT layerT forT theT moreT generalT caseT whenT 

heatedT fromT belowT andT saltedT byT mT saltsT partlyT 

fromT aboveT andT partlyT fromT below.T Zhao,T WangT 

andT ZhangT [22]T investigatedT theT problemT ofT 

triplyT diffusiveT convectionT inT aT MaxwellT fluidT 

saturatedT porousT layer.T K.R.T RaghunathT etT alT 

[10]T investigatedT theT weaklyT nonlinearT stabilityT ofT  
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theT tripleT diffusiveT convectionT inT aT MaxwellT 

fluidT saturatedT porousT layer.T MukeshT KumarT 

AwasthiT etT alT [6]T haveT performedT aT linearT 

stabilityT analysisT forT theT onsetT ofT triple-diffusiveT 

convectionT inT theT presenceT ofT internalT heatT 

sourceT inT aT MaxwellT fluidT saturatedT porousT layer. 
 

All the above literature are confined to the single layer of 

fluid or porous layer but in many physical systems, the 

occurrence of composite layer and salinity gradients is 

natural which motivated us to study the onset of triple 

diffusive convection in fluid - porous composite layer for 

uniform and non-uniform salinity gradients. 

 

 

 

II. FORMULATION OF THE PROBLEM 

 

We consider a horizontal three component, 

electrically conducting fluid saturated isotropic sparsely 

packed porous layer of thickness underlying a three 

component fluid layer of thickness .The lower surface of 

the porous layer and the upper surface of the fluid layer are 

bounded by rigid walls.  Both the boundaries are kept at 

different constant temperatures and salinities.  A Cartesian 
coordinate system is chosen with the origin at the interface 

between porous and fluid layers and the z – axis vertically 

upwards.  

The governing equations are continuity equation, 

momentum equation, energy equation, species concentration 

equations, and the equation of state are as follows,  

For Fluid layer, 

         
          (1) 

               (2) 

                  

(3) 

                 (4) 

                 (5) 

where 

    
(6)  

and for the porous layer, 

                   (7) 

           (8) 

   

(9) 

              (10) 

              (11) 

where 

          (12) 

 

and the symbols in the above equations have the 

following meaning 

 is the velocity vector,  is the time,   

is the fluid viscosity,  is the total pressure,  is the 

fluid density,  is the acceleration due to the gravity, 

 is the ratio of heat capacities,  is the 

specific heat,  is the permeability of the porous 

medium,  is the temperature,  is the thermal 
diffusivity of the fluid,  

 

 
 

md

d

0q 
r

  2

0
ˆq

q q P q gk
t

  
 

        

r
r r r

  2T
q T T

t



   



r

  21
1 1 1

C
q C C

t



   



r

  22
2 2 2

C
q C C

t



   



r

     0 0 1 1 0 2 2 01 t s sT T C C C C            

0m mq  
r

  2

0 2

1 1 ˆm
m m m m m m m m

q
q q P q q gk

t K


  

 

 
         

r
r r r r

  2m
m m m m m m

T
A q T T

t



   



r

  21
1 1 1

m
m m m m m m

C
q C C

t
 


   


r

  22
2 2 2

m
m m m m m m

C
q C C

t
 


   


r

     0 0 1 1 0 2 2 01m tm m sm m sm mT T C C C C            

 , ,q u v w
r

t 

P 0

g
r

 
 

0 p m

p f

C
A

C




 pC

K

T 



International Journal of Engineering and Advanced Technology (IJEAT) 

ISSN: 2249 – 8958, Volume-8, Issue-6S August 2019 

 

837 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: F11590886S19/19©BEIESP     

DOI:10.35940/ijeat.F1159.0886S19 

 

 are the concentrations or the salinity fields,  

is the solute diffusivity of the fluid,  

 

 

 

 

 , , ,  is the porosity and the subscripts  and  

refer to the porous medium and the fluid respectively. 

 

The basic steady state is assumed to the quiescent and we consider the solution of the form, 

In the fluid layer, 

            (13) 

and in the porous layer 

        (14) where 

the subscript  denotes the basic state. 

The temperature distributions are found to be  

 in               (15) 

 in              (16)

     is the interface temperature.   

The concentration distributions  and are found to be  

 in                              (17)

  in                             

(18) 

 in               (19)              

 in              (20) where 

 are salinity gradients in fluid and porous layers respectively At the interface and  

    is concentration at the interface. 

 

In order to investigate the stability of the basic solution, infinitesimal disturbances are introduced in the form, 

  
 (21) 

and 

     (22) 
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The primed quantities in the above equations are the 

perturbed ones over their equilibrium counterparts. 

Eqs.(21) and (22) are substituted into the Eqs.(1) to (12) 

and are linearized in the usual manner, the pressure term 

is eliminated from (2) and (8) by taking curl twice on 

these two equations and only the vertical component is 

retained. The separate length scales are chosen for the 

two layers (following Chen and Chen [2], D.A Nield [7]), 

so that each layer is of unit depth with

and  

In this manner the detailed flow fields in both 

the fluid and porous layers can be clearly obtained for all 

the depth ratios . The non dimensionalised basic 

equations are subjected to normal mode expansion and 

we seek solutions for the dependent variables in the fluid 

and porous layers (following Venkatachalappa M et al 

[20]). Assuming that the principle of exchange of 

instabilities holds for the superposed layers (following 

Nield [7])and denoting the differential operator   and 

 by  and   respectively, an Eigen value 

problem consisting of the following ordinary differential 

equations is obtained for the first concentration 

distribution is obtained as below, 

In  

                            (23) 

                 (24) 

                (25) 

                (26) 
 

 

 

In  

          (27) 

                (28) 

               (29) 

                (30)
 

 

For the fluid layer,  is the Rayleigh number, ,

 are the Solute Rayleigh numbers,   are the diffusivity ratios. For the 

porous layer,  is the Darcy number,  is the viscosity ratio,   

is the Rayleigh – Darcy number,  ,  

are the Solute Rayleigh – Darcy number in porous medium,   are the diffusivity ratios,  and 

 are the non-dimensional horizontal wave numbers,  and  are the temperature in fluid and porous layers,  and 

 are the concentration in fluid and porous layers and  

Eqns. (23) to (30) are twentieth order ordinary differential equation which are to be 

solved using the below mentioned boundary conditions. 
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III. BOUNDARY CONDITIONS 

The boundary conditions after non-dimensionalisation and Normal mode expansion are 

 

 

 

 

 
 

 

 

where  for 

and and  are the 

thermal diffusivity and the solutal diffusivity ratios 

respectively.  The Energy Equations are solved using 

respective boundary conditions from (29) (following 

Shivakumara I.S et al [15]). 

IV. SOLUTION BY REGULAR PERTURBATION 

TECHNIQUE 

 

For the constant heat and mass flux boundaries 

convection sets in at small values of horizontal 
wavenumber ‘a’, accordingly, we expand 

 

 

With an arbitrary factor, the solutions for zero order equations are:
 

 

The equations at first order in are, 

For fluid layer, 

              (31) 

                (32) 
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               (34) 
 

For porous layer, 
 

                    (35) 
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              (37) 
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The solutions of the Eqs.(32) and (36) give and  respectively are important in obtaining the Eigen values and are 

found to be, 

                       (39) 

                 (40) 

             Where  and  are constants which are determined using the velocity 

boundary conditions and are as follows  
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4.1 Solvability condition 

 

The differential equations and boundary conditions corresponding to temperature and concentrations yield the 

compatibility condition 

  

     (41)

  

By substituting expressions for  and  in equation 

(41), we obtain an expression for critical Rayleigh 

number for different basic salinity profiles in both fluid 

and porous layers. 

 

4.2 Linear Salinity Profile: 

In this profile                (42) 

 The critical Rayleigh number for this model is obtained by substituting (42) in (41) and is found to be 

 

where 

 

 

 

remains same as earlier.
 

 

4.3 Parabolic salinity profile: 

 

Following Sparrow et al [18],              (43) 

The critical Rayleigh number for this model is obtained by substituting (43) in (41) and is found to be 
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remains same as earlier.
 

 

4.4 Inverted Parabolic salinity profile: 

 

For this case        (44) 

The critical Rayleigh number for this model is obtained by substituting (44) in (41) and is found to be 

 

Where                                                                

 

 

remains same as earlier. 
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4.5 Piecewise linear Salting below Salinity profile: 

 

For this case following Currie [3],         (45) 

 The critical Rayleigh number for this model is obtained by substituting (45) in (41) and is found to be 

 

where                                                    

 

 

 

are defined earlier. 

 

4.6 Piecewise linear Salinity profile Desalting above: 

 

For this case following Vidal and Acrivos [21], 
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The critical Rayleigh number for this model is obtained by substituting (46) in (41) and is found to be 
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are defined earlier.
 

 

4.7 Step function salinity profile: 

In this profile the basic concentration/solute/salt drops suddenly by an amount  at and at  

otherwise uniform. Accordingly,          (47) 

where  is the solutal depth in the fluid layer and  is the solutal depth in the porous layer.  

 

The critical Rayleigh number for this model is obtained by substituting (47) in (41) and is found to be  

 

where                                               
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V. RESULTS AND DISCUSSIONS 

 

For Linear, Parabolic and Inverted Parabolic Salinity Profiles: 

 

 

Fig.1. The variation of critical thermal Rayleigh number  for Linear, Parabolic and Inverted parabolic salinity 

profiles with respect to the depth ratio  

Figure1 shows the variation of critical Rayleigh number for different profiles with respect to the depth ratio for 

fixed values of  

and   Graphically it is evident that the parabolic salinity profile is the most stable. Inverted parabolic profile is 

unstable for  and linear profile is unstable for  . At linear and inverted parabolic 

profiles have same effect on  

   

 
 

Fig.2: The effect of  on critical Rayleigh number for Linear, Parabolic and Inverted parabolic profiles with 

respect to the depth ratio  

Figure 2 shows the variation of critical Rayleigh number  for different profiles with respect to the depth ratio for fixed 

values of and  

The effects of the viscosity ratio  which is the ratio of the effective viscosity of the porous matrix to that of the 

fluid viscosity is displayed in the above graphs. For fixed values of depth ratio, the increase in the value of  increases the 

value of critical Rayleigh number i.e., the system is stabilized. Thus the onset of triple 

diffusive convection is delayed. 
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Fig.3. The effect of first solute Rayleigh number on critical Rayleigh number  for Linear, Parabolic and 

Inverted parabolic profiles with respect to the depth 

ratio  

 

Figure 3 shows the variation of critical Rayleigh number 

 for different profiles with respect to the depth ratio 

for fixed values of

and The 

effect of solute Rayleigh number of first solute 

is displayed in the above 

graphs. As the curves are diverging the effect of Solute 

Rayleigh number  is large for small change in the value 

of depth ratio. From the curves it is evident that for fixed 

values of depth ratio, the increase in the value of solute 

Rayleigh number  increases the value of critical 

Rayleigh number i.e., the system is stabilized. Thus the 

onset of triple diffusive convection is delayed. The 

increasing values of solute Rayleigh number will affect 

the onset of convection only for larger values of the depth 

ratio  that is, in porous layer dominant composite 

systems the convection is delayed. 

 
 

Fig.4 The effect of  on critical Rayleigh number for Linear, Parabolic and Inverted parabolic profiles with 

respect to the depth ratio . 

Figure 4 shows the effects of the diffusivity ratio , 

which is the ratio of first saline diffusivity to thermal 

diffusivity of the fluid on critical Rayleigh number for 

different profiles with respect to the depth ratio for fixed 

values of 

and 

. It is clear from the graphs that all the 

three curves are converging which shows that for larger 

values of the depth ratio , there is no effect of any 

variation in the values of . The effect of is prominent 

for fluid layer dominant composite systems. For a fixed 

value of depth ratio, the increase in the value of increases 

the value of the critical thermal Rayleigh number. Thus 

increasing values of makes the system stable and hence 

delay the convection. 
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For Salting below, Desalting above and Step function 

Salinity Profiles: 

 

 

Fig.5: The variation of critical Rayleigh number  for 

Step function, Desalting above and Salting below profiles 

with respect to the saline depth . 

Figure 5 shows the variation of critical Rayleigh number for different profiles with respect to the saline depth for 

fixed values of

 

Graphically it is evident that the step function salinity 

profile is the unstable profile.Salting below salinity profile 

is the stable profile for the depth ratio  

and Desalting Above salinity profile is the stable profile 

for the depth ratio  At  both 

salting below and desalting above profiles have same 

effect on . 

 

 
 

Fig.6: The effect of  on critical Rayleigh number  for Step function, Desalting above and Salting below profiles 

with respect to the saline depth . 

 

Figure 6 shows the effects of the viscosity ratio 

which is the ratio of the effective 

viscosity of the porous matrix to that of the fluid layer on 

critical Rayleigh number . For fixed value of 

 

With the increase in the value of  increases the critical 

thermal Rayleigh which stabilizes the system, so the 

onset of triple diffusive convection is delayed. In other 

words, when the effective viscosity of the porous medium

is made larger than the fluid viscosity , the onset 

of the convection in the fluid layer can be delayed. 
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Fig.7: The effect of on critical Rayleigh number  for Step function, Desalting above and Salting below profiles 

with respect to the saline depth . 

Figure 7 shows the effect of solute Rayleigh number of first solute . For fixed 

values of 

 

From the above graphs it is evident that for fixed values 

of saline depth  the increase in the value of solute 

Rayleigh number  increases the value of critical 

Rayleigh number  i.e., the system is stabilized. Thus 

the onset of triple diffusive convection is delayed. 

 

 
 

Figure 8. The effect of on critical Rayleigh number  for Step function, Desalting above and Salting below 

profiles with respect to the saline depth . 

 

Figure 8 shows the effects of the diffusivity ratio 

which is the ratio of first 

saline to thermal diffusivity of the fluid for fixed values

 

From the graph it is clear that critical Rayleigh number

 decreases as increases in step function and 

desalting above profiles and increases with increase 

the in in Salting below profile . Thus the system is 

destabilized for step function and desalting above profile 

and stabilized for Salting below profile. 
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VI. CONCLUSION: 

6.1. For Linear, Parabolic and Inverted Parabolic 

salinity Profile:  

i) The curves of solute Rayleigh number of first solute

  are diverging, indicating that, in porous layer 
dominant composite systems the convection is delayed by 

increasing solute Rayleigh number  

ii) The curves of diffusivity ratio  are converging, 
indicating that, in porous layer dominant composite 

systems the convection can be made fast by increasing 

the concentration of first salt. 

 

6.2. For Salting below, Desalting above and Step 

function Profile: 

 i) By increasing the parameters   and  triple 

diffusive convection for the above profiles is delayed. 

 ii) By increasing the thermal diffusivity ratio  , the 

triple diffusive convection in the above profiles is quick. 
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