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Abstract 

Pollution arises when the concentration of various chemical or biological components is more than 

what is thought to be advantageous for resources, the environment, human health, and amenity. One of 

the main environmental hazards that often has long-term consequences. The main objective of response 

activities is to lessen the effects of an oil spill on the environment and public health. This research allows 

us to fully comprehend the impact of the oil spill in the presence of concentration and thermal buoyancy 

effects. The perturbation technique is used to solve the governing equations and associated boundary 

conditions analytically once they have been converted into dimensionless form. A variety of physical 

properties, such as chemical reactions and the Grash of, Prandtl and Schmidt Number. 

Keywords: Oil spill, Concentration of oil particle, Heat and mass transfer, Chemical reaction, Perturbation 
technique. 

 Introduction 

Marques et al. take into account the 

impact of fluid slippage at the wall for Coutte 

flow. Many scholars have investigated steady 

two-dimensional oblique stagnation point flow 

of various fluids on a stretching surface. Gupta 

and Reza. The MHD flow of a micropolar fluid 

approaches a non-linear stretching surface close 

to a stagnation point. Additionally, Nadeem et al. 

Mustafa et al. looked into the stagnation point 

flow of a nano fluid in the direction of a 

stretching sheet. They were the first to use the 

Nield and Kuznets model to investigate 

boundary layer flow over a stretching sheet. 

Rokni and Sheikholeslami talked about the 

significance of magnetic fields in nanofluid 

frameworks. Three-dimensional stagnation- 

point  flow and heat transport in a nanofluid 

were examined by Bachok et al. 

 Mathematical Formulation 

The balance laws of mass, linear 

momentum in the presence of thermal and 

concentration buoyancy effects, including the 

force of Corioil (caused by earth rotation), the 

energy equation, and the concentration equation 

with homogeneous first order chemical reaction 

serve as the foundation for the governing 

equations for this problem. 

𝜕𝑣

𝜕𝑦
= 0      (1) 

𝜕𝑢

𝜕𝑡
+ 𝑣

𝜕𝑢

𝜕𝑦
= 𝜗 (1 +

1

𝛽𝑐
)

𝜕2𝑢

𝜕𝑦2 + 𝑔𝛽𝑇(𝑇 − 𝑇1) +

𝑔𝛽𝑐(𝐶 − 𝐶1) + 𝑓𝑣    (2) 

𝜕𝑇

𝜕𝑡
+ 𝑣

𝜕𝑇

𝜕𝑦
=

𝑘

𝜌𝐶𝑝

𝜕2𝑇

𝜕𝑦2    (3) 

𝜕𝐶

𝜕𝑡
+ 𝑣

𝜕𝐶 

𝜕𝑦
=D

𝜕2𝐶

𝜕𝑦2 − 𝑘1(𝐶 − 𝐶1)  (4)    

Where the components of velocities 

along the x and y directions are denoted by u and 

v, respectively. T represents the oil's 

temperature, C its concentration, and T1 and C1 

its temperature and concentration at the oil's 

upper surface, respectively. The following are 

the proper boundary conditions for the velocity, 

temperature, and concentration fields under these 
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assumptions: ρ is the oil density, ϑ is the 

kinematic viscosity, Cp is the specific heat at 

constant pressure, D is the mass diffusivity, g is 

the gravitational acceleration, f is the Corioils 

parameter, k is the thermal conductivity, and K1 

is the chemical reaction parameter. 

 

𝑢 =  0, T=𝑇0 + 𝜀𝑒𝑛𝑡(𝑇0 − 𝑇1),  C= 𝐶0 +
𝜀𝑒𝑛𝑡(𝐶0 − 𝐶1)at𝑦 =  0 (5) 

 𝑢 =  𝑢0, 𝑇 =  𝑇1, 𝐶 =  𝐶1, at 𝑦 = 1 

Where ε is the perturbation parameter, u0 

and n are constants, and T0 and C0 are the 

temperature and concentration at the oil's lower 

surface, respectively. 

Using non-dimensional quantities: 

𝑢′ =
𝑢

𝑣0
, 𝑡′ =

𝑡𝑣0
2

𝜗
, 𝑦′ =

𝑦𝑣0

𝜗
, 𝜃 =

𝑇−𝑇1

𝑇0−𝑇1
 , 𝜑 =

𝐶−𝐶1

𝐶0−𝐶1
 

Where, 𝜃 and 𝜑are dimensionless 

temperature and concentration respectively.  

Making use of the non-dimensional variables in 

equation (1) to (4), neglecting the (′) symbol 

gives 

𝜕𝑣

𝜕𝑦
= 0   (6) 

This suggests that v=v0, where v0 is a real 

positive constant that is also referred to as the 

characteristic velocity.  

 

𝜕𝑢

𝜕𝑡
+

𝜕𝑢

𝜕𝑦
= (1 +

1

𝛽𝑐
)

𝜕2𝑢

𝜕𝑦2 + 𝐺𝑟𝜃 + 𝐺𝐶𝜑 +
1

𝑅0
(7) 

𝜕𝜃

𝜕𝑡
+

𝜕𝜃

𝜕𝑦
=

1

𝑃𝑟

𝜕2𝜃

𝜕𝑦2(8) 

𝜕𝜑

𝜕𝑡
+

𝜕𝜑

𝜕𝑦
=

1

𝑆𝑐

𝜕2𝜑

𝜕𝑦2 − 𝐾𝜑 (9) 

Where, 

Gr=
𝜗𝑔𝛽𝑇(𝑇0−𝑇1)

𝑣0
3 −    Thermal Grashof number, 

Gc =
𝜗𝑔𝛽𝑐(𝐶0−𝐶1)

𝑣0
3 –Mass Grash of number, 

Pr = 
𝜌𝐶𝑝𝜗

𝑘
 –Prandtl number, 

  Ro = 
𝑣0

𝑓𝑣
 –Rossby number, 

Sc = 
𝜗

𝐷
 – Schmidt number, 

K = 
𝑘1𝜗

𝑣0
2  –Chemical reaction parameter. 

The boundary conditions (5) in non-dimensional 

form are; 

u =0, 𝜃 = 1 + 𝜀𝑒𝑛𝑡, 𝜑 = 1 + 𝜀𝑒𝑛𝑡𝑎𝑡 𝑦 = 0 

𝑢 = 1, 𝜃 = 0,  𝜑 = 0 at𝑦 = 1  

    (10) 

Manner of Solution 

The partial differential equations in 

equations (7) through (9) are a group of 

problems that are challenging to solve in closed 

form. However, by using the perturbation 

approach, it may be reduced to a set of ordinary 

differential equations that can be solved 

analytically (1, 7, 8, and 9). To do this, the 

velocity, temperature, and concentration can be 

represented as follows:  

 

𝑢(𝑦, 𝑡) = 𝑢0(𝑦) + 𝜀𝑒𝑛𝑡𝑢1(𝑦) + 𝑂(𝜀2) 

      (11) 

𝜃(𝑦, 𝑡) = 𝜃0(𝑦) + 𝜀𝑒𝑛𝑡(𝑦) + 𝑂(𝜀2)  

      (12) 

𝜑(𝑦, 𝑡) = 𝜑0(𝑦) + 𝜀𝑒𝑛𝑡(𝑦) + 𝑂(𝜀2)  

   (13) 

Using the perturbation technique and the 

following set of differential equations 

for𝑢0, 𝜃0,𝜑0 𝑎𝑛𝑑 𝑢1,𝜃1, 𝜑1 and ignoring the 

higher order of (ε2)  

Zero Order Equation 

(1 +
1

𝛽𝑐
)𝑢0𝑦𝑦 − 𝑢0𝑦 + 𝐺𝑟𝜃0 + 𝐺𝑐𝜑0 +

1

𝑅𝑜
=

0                                         (14) 

𝜃0𝑦𝑦 − 𝑃𝑟𝜃0𝑦 =

0                                                                                               
(15) 

𝜑0𝑦𝑦 − 𝑆𝑐𝜑0𝑦 − 𝑆𝑐𝐾𝜑0 =

0                                                                            (16) 

Subject to the boundary conditions 

𝑢0 = 0, 𝜃0 = 1, 𝜑0 = 1 𝑎𝑡 𝑦 = 0 

𝑢0 = 1, 𝜃0 = 0, 𝜑0 = 0 𝑎𝑡 𝑦 = 1 

First order Equation 

(1 +
1

𝛽𝑐
) 𝑢1𝑦𝑦 − 𝑢1𝑦 − 𝑛𝑢1 + 𝐺𝑟𝜃1 + 𝐺𝑐𝜑1 = 0      (15)   

𝜃1𝑦𝑦 − 𝑃𝑟𝜃1𝑦 − 𝑃𝑟𝑛𝜃1 = 0(16) 

𝜑1𝑦𝑦 − 𝑆𝑐𝜑1𝑦 − 𝑆𝑐(𝑛 + 𝑘)𝜑1 = 0 (17) 

Subject to the boundary conditions,  

𝑢1 = 0, 𝜃1 = 1, 𝜑1 = 1 𝑎𝑡 𝑦 = 0 
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𝑢1 = 1, 𝜃1 = 0, 𝜑1 = 0 𝑎𝑡 𝑦 = 1(19) 

Using ordinary differential equations to 

solve the zeroth order equations while taking the 

boundary conditions into consideration 

 

(1 +
1

𝛽𝑐
) 𝑢0𝑦𝑦 − 𝑢0𝑦 + 𝐺𝑟𝜃0 + 𝐺𝑐𝜑0 +

1

𝑅0
= 0 

(1 +
1

𝛽𝑐
) 𝑢0𝑦𝑦 − 𝑢0𝑦 + 𝐺𝑟 [

1

(1 − 𝑒𝑃𝑟)
(𝑒𝑃𝑟𝑦 − 𝑒𝑃𝑟)]

+ 𝐺𝐶 [
1

𝑒𝑚1 − 𝑒𝑚2
(𝑒𝑚1𝑒𝑚2𝑦

− 𝑒𝑚2𝑒𝑚1𝑦)] +
1

𝑅0
= 0 

𝑆1𝑢0𝑦𝑦 − 𝑢0𝑦+𝑆2 + 𝑆3 + 𝑆4 = 0 

  𝑆1
𝑢0𝑦𝑦 − 𝑢0𝑦 + 𝑆5 = 0 

(𝑆1𝐷2 − 𝐷)𝑢0 + 𝑆5 = 0 

𝐷(𝑆1𝐷 − 1)𝑢0 + 𝑆5 = 0 

𝑢0 =
1

(𝑒𝑚10 −1)
(𝑒𝑚10𝑦 − 1) + 𝑆5(20) 

𝜃0𝑦𝑦 − 𝑃𝑟𝜃0𝑦 = 0 

(𝐷2 − 𝑃𝑟𝐷)𝜃0 = 0 

𝐷(𝐷 − 𝑃𝑟)𝜃0 = 0 

𝜃0 = 𝐴5𝑒𝑚5𝑦 + 𝐴6 

𝜃0 =
1

(1−𝑒𝑃𝑟)
(𝑒𝑃𝑟𝑦 − 𝑒𝑃𝑟)(21) 

𝜑0𝑦𝑦 − 𝑆𝑐𝜑0𝑦 − 𝑆𝑐𝑘𝜑0 = 0 

(𝐷2 − 𝑆𝑐𝐷 − 𝑆𝑐𝑘)𝜑0 = 0 

𝜑0 = 𝐴1𝑒𝑚1𝑦 + 𝐴2𝑒𝑚2𝑦 

𝜑0 =
1

𝑒𝑚1−𝑒𝑚2
(𝑒𝑚1𝑒𝑚2𝑦 − 𝑒𝑚2𝑒𝑚1𝑦)(22) 

By applying ordinary differential 

equations to the 1storder equations, the boundary 

conditions are taken into consideration. 

(1 +
1

𝛽𝑐
) 𝑢1𝑦𝑦 − 𝑢1𝑦 − 𝑛𝑢1

+ 𝐺𝑟 [
1

𝑒𝑚7 − 𝑒𝑚8
(𝑒𝑚7𝑒𝑚8𝑦

− 𝑒𝑚8𝑒𝑚7𝑦)]

+ 𝐺𝑐 [
1

𝑒𝑚3 − 𝑒𝑚4
(𝑒𝑚4𝑦𝑒𝑚3

− 𝑒𝑚4𝑒𝑚3𝑦)] 

(1 +
1

𝛽𝑐
) 𝑢1𝑦𝑦 − 𝑢1𝑦 − 𝑛𝑢1 + 𝑆6 + 𝑆7 = 0 

(𝑆1𝑢1𝑦𝑦 − 𝑢1𝑦 − 𝑛𝑢1) + 𝑆8 = 0 

(𝑆1𝐷′′ − 𝐷′ − 𝑛)𝑢1 + 𝑆8 = 0 

𝑢1 = 𝐴11𝑒𝑚11𝑦 + 𝐴12𝑒𝑚12𝑦 

𝑢1 = 0 + 𝑆8 

𝑢1 = 𝑆8(23) 

𝜃1𝑦𝑦 − 𝑃𝑟𝜃1𝑦 − 𝑃𝑟𝑛𝜃1 = 0 

(𝐷2 − 𝑃𝑟𝐷 − 𝑃𝑟𝑛)𝜃1 = 0 

𝜃1 = 𝐴7𝑒𝑚7𝑦 + 𝐴8𝑒𝑚8𝑦 

𝜃1 =
1

𝑒𝑚7−𝑒𝑚8
(𝑒𝑚7𝑒𝑚8𝑦 − 𝑒𝑚8𝑒𝑚7𝑦)(24) 

𝜑1𝑦𝑦 − 𝑆𝑐𝜑1𝑦 − 𝑆𝑐(𝑛 + 𝑘)𝜑1 = 0  

[𝐷2 − 𝑆𝑐𝐷 − 𝑆𝑐(𝑛 + 𝑘)]𝜑1 = 0 

𝜑1 = 𝐴3𝑒𝑚3𝑦 + 𝐴4𝑒𝑚4𝑦 

𝜑1 =
1

𝑒𝑚3−𝑒𝑚4
(𝑒𝑚3𝑒𝑚4𝑦 − 𝑒𝑚4𝑒𝑚3𝑦)(25) 

The velocity, temperature, and 

concentration distributions are obtained by 

applying the boundary conditions to the solutions 

of equations (20)–(22) and (23)–(25).  

𝑢(𝑦, 𝑡) =
1

(𝑒𝑚10 − 1)
(𝑒𝑚10𝑦 − 1) + 𝑠5

+ 𝜀𝑒𝑛𝑡𝑆8 

𝜃(𝑦, 𝑡) =
1

(1 − 𝑒𝑃𝑟)
(𝑒𝑃𝑟𝑦 − 𝑒𝑃𝑟)

+ 𝜀𝑒𝑛𝑡[
1

𝑒𝑚7 − 𝑒𝑚8
(𝑒𝑚7𝑒𝑚8𝑦

− 𝑒𝑚8𝑒𝑚9𝑦) 

𝜑(𝑦, 𝑡) =
1

𝑒𝑚1 − 𝑒𝑚3
(𝑒𝑚1𝑒𝑚2𝑦 − 𝑒𝑚2𝑒𝑚1𝑦)

+ 𝜀𝑒𝑛𝑡[
1

𝑒𝑚3 − 𝑒𝑚4
(𝑒𝑚3𝑒𝑚4𝑦

− 𝑒𝑚4𝑒𝑚3𝑦)] 

Conclusion 

 In conclusion, the buoyancy effects of oil spills on the sea surface, particularly when influenced by thermal and chemical reactions, pose significant environmental, economic, and societal challenges. Addressing these challenges requires a multifaceted 

approach, integrating scientific research, 

technological innovation, and policy 

development to protect marine ecosystems and 

sustain human activities dependent on the health 

of our oceans.  

Appendix 

𝑚1 =
𝑆𝑐 + √𝑆𝑐

2 + 4𝑆𝑐𝑘

2
, 

𝑚2 =
𝑆𝑐 − √𝑆𝑐

2 + 4𝑠𝑐𝑘

2
, 

𝑚3 =
𝑆𝐶 + √𝑆𝑐

2 + 4𝑆𝑐(𝑛 + 𝑘)

2
, 

𝑚4 =
𝑆𝐶 − √𝑆𝑐

2 + 4𝑆𝑐(𝑛 + 𝑘)

2
, 
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𝑚5 = 0, 

𝑚6 = 𝑃𝑟, 

𝑚7 =
𝑃𝑟 + √𝑃𝑟

2 + 4𝑃𝑟𝑛

2
, 

𝑚8 =
𝑃𝑟 − √𝑃𝑟

2 + 4𝑃𝑟𝑛

2
, 

𝑚9 = 0, 

𝑚10 =
1

𝑆1
 

𝐴1 =
−𝑒𝑚2

𝑒𝑚1 − 𝑒𝑚2
 

𝐴2 =
𝑒𝑚1

𝑒𝑚1 − 𝑒𝑚2
 

𝐴3 =
−𝑒𝑚4

𝑒𝑚3 − 𝑒𝑚4
 

𝐴4 =
𝑒𝑚3

𝑒𝑚3 − 𝑒𝑚4
 

𝐴5 =
1

(1 − 𝑒𝑃𝑟)
 

𝐴6 =
−𝑒𝑃𝑟

(1 − 𝑒𝑃𝑟)
 

𝐴7 =
−𝑒𝑚8

𝑒𝑚7 − 𝑒𝑚8
 

𝐴8 =
𝑒𝑚7

𝑒𝑚7 − 𝑒𝑚8
 

𝐴9 =
−1

(𝑒𝑚10 − 1)
 

𝐴10 =
1

(𝑒𝑚10 − 1)
 

 

Nomenclature 

K   −Chemical reaction parameter 

Sc  −Schmidt number 

 𝑇′   −       𝐹𝑙𝑢𝑖𝑑 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 

𝜗   −       𝐾𝑖𝑛𝑒𝑚𝑎𝑡𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 

𝜌    −      𝐹𝑙𝑢𝑖𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 

𝜃    −    𝐷𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 

𝜑   −    𝑉𝑖𝑠𝑐𝑜𝑢𝑠 𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 

𝛽   
−    𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 𝑓𝑜𝑟 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 

𝑐′    −    𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

 𝐶∞
′   

−   𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑓𝑟𝑒𝑒 𝑠𝑡𝑟𝑒𝑎𝑚 

𝐶𝜔
′  −   𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑡ℎ𝑒 𝑝𝑙𝑎𝑡𝑒 

𝐶𝜌    −   𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑎𝑡 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 

𝐷𝑀   −   𝑀𝑎𝑠𝑠 𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

𝐸𝑐  −   𝐸𝑐𝑘𝑒𝑟𝑡 𝑛𝑢𝑚𝑏𝑒𝑟 

Gr−  Grashof number for heat transfer 

Gm−  Grashof number for mass transfer 

𝐾′    
−   𝑅𝑎𝑡𝑒 𝑜𝑓 𝑓𝑖𝑟𝑠𝑡 𝑜𝑟𝑑𝑒𝑟 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 

𝑘′    −   𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑝𝑜𝑟𝑜𝑢𝑠 𝑚𝑒𝑑𝑖𝑢𝑚 

𝑘𝜌
′  −   𝑀𝑒𝑎𝑛 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 

𝑘𝜌   −   𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 

𝑝∞  −   𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑟𝑒𝑒 𝑠𝑡𝑟𝑒𝑎𝑚 

Pr−  Prandtl number 

Re  −  Reynolds number 

Sc  −  Schmidt number 

𝑇′  −  𝐹𝑙𝑢𝑖𝑑 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 

𝑇∞
′ − 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑓𝑟𝑒𝑒 𝑠𝑡𝑟𝑒𝑎𝑚 

𝑇𝜔
′ −  𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑝𝑙𝑎𝑡𝑒 

∝   −  𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑟𝑎𝑡𝑖𝑜 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 

𝜇  −  𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 

𝑘 −   𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

∅ −  𝐷𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

𝛽′ −
 𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 𝑓𝑜𝑟 𝑚𝑎𝑠𝑠 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟. 
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