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Abstract

An analysis is presented for the effects of heat generation
and chemical reaction with porosity variation of spilled oil in the
subsurface. The dimensionless governing equations are solved using
the perturbation method. The equations of momentum includes
thermal and concentration buoyancy effects, energy equation include
heat generation and the equation of species includes in chemical
reaction. Solution of velocity, temperature and concentration profiles

are presented graphically with several values of parameter.

Keywords: Heat Generation, Chemical Reaction, Porosity Variation,
Perturbation technique.
1 Introduction

In certain application such as those dealing with heat
absorption/generation and chemical reaction effects may alter the thermal and

concentration
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distribution. It 1s play a wvital role in many respects for mstance in flows
in soil, solar power collectors, heat transfer in aerobic and anaerobic reaction
etc. The numerical analysis of chemical reaction effects on heat and mass flow
of a permeable channel with radiation and heat generation was presented by
Singh and Kumar (2016). The effects of heat generation and chemical reaction
on magnetohydrodynamic convection flow over a porous medium is studied
by Khan et al., (2019), Chamkha et al., (2006) and Suresh et al., (2019).
Effects of hydrocarbon generation, basal heat flow and sediment compaction
on overpressure 1s analyzed by Hansom and Kuo Lee (2005). Vidonish et al.,
(2016) discussed thermal treatment of hydrocarbon impacted soils. Lavanya
and Nagasasikala (2016) analyse the influence of the convective low of a viscous
incompressible fluid through a porous medium with vertical infimte moving

plate 1n the presence of heat generation and soret effect.

The study of heat generation with porosity have been developed by several
researcher. The effects of porosity of the medium and heat generation on the
1sotherms was conducted by Mousa (2019). Skibinski et al., (2019) studied the
mmpact of pore size vanation on the effective thermal conductivity on porous
foams. Basu et al., (2019) discussed temperature variation is investigated for
a range of values absolute permeability and porosity of the porous medium.

In this problem, the effect of heat absorption and chemical reaction of spilled
o1l in the subsurface with variable porosity 1s analyzed. Firstly, the governing
equation have been made non dimensional and solved semu analytically. The
flow equation mcludes temperature and concentration buoyancy effects. The
heat transfer occurs mostly in nature due to thermal gradient. The species

equation of concentration includes chemical reaction.
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2 Mathematical formulation

consider the unsteady, laminar and two dimensional geometry with porosity
variation in the horizontal channel. The graphical model of the problem are

llustrated in figure 1. The equation of momentum in the presence of thermal

Figure 1: Physical confisuration.

and concentration buoyancy effects including Darcy term.

Based on these assumptions, the governing equations are given by.

du  Ov .
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Let uw, v be the velocities of the fluid particle along = and y axes, T
and ¢ denotes the thermal and concentration distribution, s denotes the

concentration of adsorbed o1l in the subsurface, t denotes the time, p denotes

the density of flmid, v represents kinematic viscosity, pp denotes the soil bulk
density, 3, represents the volumetric water content in the soil, D, denotes
the diffusivity of mass, 77 and ¢; denotes the thermal and concentration at
the upper surface, k, denotes the permeability of the medium, k; denotes
the chemical reaction parameter and © 1s the porosity. Nirmala Ratchagar
and senthamilselvi (2019) analyzed wvariable porosity can be expressed as
== E}Sme__jfﬁ where O, is the mean porosity, a; ., as are empirical constants
and d,1s the particle diameter. The retardation factor defined as 2 =1+ Egl—ii .
where s =kg ¢ and kg 1s the adsorption coefficient. This reduces the equation
(5) 1s

de de de e e
orZ 4,20 L2 _ep, (LL L TC
ot t s T Ve, — OPm(gE + 50)

The mitial and boundary conditions for the flow are,

— ki(e —e1) (6)

u=0 v=0T=Ty c=cyVy, t <10 (7)
Ou — i(wi+Az) f /
— = u, v=0, T = Thee (Ty — T1),
dy \/Fp
c=coee' T ey — ) at y=0, t >0 (8)
Ou — %y ow= eeWtAy T=T, c=ciaty=nh, t>0 (9)
(8 LT, .
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where, « represents the slip parameter, Ty and ¢y be the imtial thermal and
concentration of hydrocarbon, A represents the stream wise wave number, w
represents the frequency parameter, € represents the perturbation parameter
and ¢ represents the imagimary part.

To write the flow model in dimensionless quantities, we use the following

parameters
* __ Tt * __ g * _ U * _ U ¥ __ tup
= v v , U 'L‘g‘t' p t = v

s __ T-T : c—cl dpm:.
TF =L, & = mcldp

where, ¢ 18 the non dlmensmnal variables In concentration. wvg 1s the

characteristic velocity.  Applying the dimensionless variables from the

equations (1) to (4) and (6) omitting the asterisk symbol we obtained,

du v
dr Oy (10)
1 du L uw Ou LY E}é‘u 5‘9) 1, 5% N ﬁiu.)
ed  e2dr 63 Oy iy e dr?  dy?
+GrT 4 Gepp — o2u (11)
1 dv u v v E)@t 6‘@ 1 8% 8% 9
om Tee: Tl ey Vo) " olee Tae) 7Y (12)
aT aT aT e T 8T
e— 13
or "'z Vo, Prlos T d?j @i (13)

06 . 00 . 06 © 0% 52 N
ORG +ug- ~ Ko 14
ot "oz " ay S c( x> ] (14)
where, Gr=X22r00T) renresents the Grashnf number, Ge= Y95l0—ct)

UI:I 1"}

represents the modified Grashof number, ¢ = - f/k_ represents the porous
D ‘p

. — Poplt . - - — Qv .
parameter, Pr = represents the Prandtl number, Q) = g Tepresents

the heat generation parmeter, Sc= -~ represents the Schmidt number and
K= %15‘5 represents the chemical reaction rate parameter.

The non dimensional form nitial and boundary conditions are:
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w=0,v=0 T=1 =1 Yy, t <0 (15)

8,

_.—u — —aou, v=0, T =1+ e W)

By

d=1+e'“ gt y =0, t >0 (16)
Ou i(wt+Az) ' ; -
By = Q0U, U= —ee ' T=0,¢=0aty=1,1=0 (17)
Y

3 Method of solution

The system of equation (10) to (17). We decompose the flow variables into

base and perturbed part as follows.
u(z, y,t) = ug(y) + ee’“uy (y) + o(?)
v(z, y,t) = e @y (y) + o(e?)
T(z,y,t) = To(y) + e’ Ti(y) + o(€?)

wn+lr}m + G{EE}

Oz, y,t) = doly) + ee”

Substituting the equation (18) into the equations (10) to (14) neglecting
the higher order of perturbation parameter (e?) and equating the base and

perturbed part.

Base part:
82'11.1] @

57 Oc g + OGrTy + OGedy = 0 (19)

Py Prg)y,
52 T e =0 (20)

Pody Se
— K¢y =0 21
a2 e (20
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with the boundary conditions:

OU _ _oug, Ty=1, dp=1aty=0, t >0 (22)
dy
g _ , _ .
S = @00, To=0dg=0aty=1,1t=0 (23)
Y

The equations (19), (20) and (21) are transforming by “change the
independent variable methods™.

We get the solutions are.

A2y —2 JA 0204 T —Aay
HVAAS o AVAEE O oo 2

I

9/ Jae— A2 2 [T PR i
—L,Sin| {,fi,z (L5 AV are + Lge A2V a ) (24)
2)
9 —Aay 2 o —Aay
Ty = LaCos[—Y fg“’m L.ism[—‘?j;m (25)
9)>/=
F /] — Aoy _2 i e—A2y
@0=L5E%1‘5#‘he Y Lee VAT (26)

where the constants L; for i=1 to 8 are given in the appendix.
Perturbed part:

Ay
2

+ [(w + %]tan{hiﬁ + wt) — O — Auy+

it 1 e @UD -
— [=—ug—— — + OGrT] + 8Gegp =0 (27)
&0 " dy @y

3y Aug o

e + [(w + ?}tcm (Ax + wt) — Bc? — A%v; =0 (28)
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ﬁi'ﬂ Aup PTQ1 Pr dTy
—— + [Pr(w + =—)tan(Az + wt) — X\ TN ——uvy— =0 (29
3y2+[r{m+ejan{r+ ) + ) T3 Btlﬁy (29)
32y Aug s Sck. Se  dag
—— + |Se(Rw + — )ta: wt) — A — — |y — —v1— =
5y + [Se(Rw + 5 Jtan(Az + wt) — A 5 |y 5! By 0 (30)
With the boundary condition:
duq .
—=—acu, vy =0T1=1,¢y=1lat y=10 (31)
dy
duq .
ﬁ—:f:rcrui._i.'l:—l,leﬂ,qblzﬂaty:l (32)
Y

4 Results and Discussion

The problem concerned with the effects of heat generation and chemical
reaction of spilled o1l in the subsurface with wvariable porosity has been
discussed. The expression for velocity, temperature and concentration which
have been computed numerically using mathematica software and results are
analyzed graphically.

For several values of porous (¢) and Grashof number (Gr) on the velocity
(u) is plotted in figures 2 and 3. Both figures we see that improving the
parameters values promotes the veloaity field. Figure 4 depicts the velocity

(u) for various values of particle diameter dp. We see that decreasing velocity
distribution with the increasing wvalues of the parameter. In the case when
the flow is vertical direction (v) is given in figure 5. It is observed that the
velocity enhances with increase in porous parameter. As the porous parameter
the frictional drag resistance against the flow in the porous region 1s very large

and as, the velocity decelerate for accelerating porous parameter.

Figures 6, 7, 8 and 9 signify the Prandtl number (FPr), porous (o).

672



Turkish Journal of Computer and Mathematics Education Vol.10 No.2 (2019), 665-682
Research Article

0.020 F
[ g=2.5
0015 |
L a=3.0
¥ poiof
; g=3.5
0.005

Figure 2: Effect of varying the porous parameter on u velocity.
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Figure 3: Effect of varying the Grashof number on u velocity.
heat generation ) and particle diameter dp on temperature distribution.
Figure 6 indicates that temperature distribution is decrease with increasing
the parameter. Figure 7 we see that when the porous parameter increases the
temperature mcreases. Figures 8 and 9 reveal that the parameters promotes
the temperature distribution. The feature of graphs change the parabolic.
Figures 10, 11 and 12 rewveals that the effect of Schmidt number, chemical
reaction and retardation factor on the concentration profiles. Figures 10 and
11 shows the hydrocarbon concentration decrease due to a rise in parameter
values. From figure 12 1t 1s observed that concentration traveling at constant

speed.
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5 Conclusion

This study focused on the migration of o1l How in the subsurface with variable
This study fi 1 on tl grat foil tl bsurf t1 bl
porosity. When the petrolenm compounds such as hydrocarbon are released

imto the soil, the compounds undergo physical and chemical properties. In

ook . L . . ]

Figure 4: Effect of varying the particle diameter on u velocity.
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Figure 6: Effect of varying the Prandtl number on temperature distribution.
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Figure 8: Effect of varying the heat generation parameter on temperature

distribution.
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Figure 9: Effect of varying the particle diameter on temperature distribution.
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Figure 11: Effect of varying the chemical reaction parameter on concentration

distribution.
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Figure 12: Effect of wvarying the retardation factor on concentration

distribution.
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conclusion , the analysis of the study show that soil characteristic play an
immportant role i controling the effect of hydrocarbon contamimants on the

subsurface.
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