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Abstract - Various engineering and industrial applications are employing the idea of convective 

double diffusive fluid stream, particularly through an extending surface. In recent times, many 

researchers have been interested in investigating the stream of Jeffrey fluid due to its 

application in modelling the behaviour of polymer melts during processing, such as extrusion 

or injection moulding. Therefore, this study is intended to develop a mathematical model for 

double diffusive Jeffrey fluid streaming past an elongating sheet. The influence of the 

injection parameter, together with the non-Newtonian properties, is taken into consideration. 

By using a similarity transformation, the governing equations, boundary conditions, and 

physical parameters have been altered into ordinary differential equations. As a result, it is 

found that the fluid flow is influenced by the injection rate, mixed convection, and buoyancy 

ratio. This statement is supported by the study, which shows the uplift of velocity as the 

injection rate parameter increases for larger values of boundary layer thickness. The stream 

velocity also surges with the rise of the mixed convection parameter and the buoyancy 

parameter, resulting in a slimmer boundary layer. Meanwhile, the thermal and mass exchange 

properties depend on the Soret–Dufour factor, where the temperature profile augments for 

several values of Dufour parameter, and the concentration profile increases for diverse values 

of Soret parameter. 
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1. Introduction 
Jeffrey fluid is an example of the non-Newtonian fluid that portrays viscosity property (liquid characteristic) and elasticity 

feature (solid behavior). The examples of Jeffrey fluid are blood, polymer, honey, paint, etc. This type of fluid has been 

implemented in blood flow modelling [1], polymer production [2], and industrial processes involving suspensions and 

emulsions [3-4]. Meanwhile, double diffusive convection in the fluid flow system occurs when two diffusion processes 

of heat and mass components are competing. The examples of double diffusive process are the saltwater in the ocean, 

volcanic activity due to the mantle and magma chambers, nuclear reactors, and so on. The studies of double diffusive 

convection of Jeffrey fluid flow bounded between rotating cone and disk [5], vertical channel [6], asymmetric ciliated 

channel [7], and inclined surface [8] have been reported. Besides, double-diffusive convection in fluids other than the 

Jeffrey model has been described; for example, in Casson fluids [9–11], Maxwell fluids [12-13], Carreau fluids [14-15], 

and nanofluids [16-17]. On the other hand, Soret and Dufour impacts are the two incorporated exchange processes that 

arise in heat-mass transfer. The Soret effect can be described as the mass transport from a greater temperature to a region 

with lower temperature within a fluid. Mass diffusion, or Dufour effect occurs when the thermal energy is transferred due 

to the concentration gradient [18]. The behavior of fluid stream when it interacts with a magnetic flux is known as 

magnetohydrodynamics (MHD), and the fluid types are plasmas, liquid water, and salt water. The applications of MHD 

are proven in MHD generators and pumps. The flow of conducting fluid owns kinetic energy which can be turned into 

electrical energy. Otherwise, MHD pumps are used in cooling systems in nuclear reactors. The research of MHD Jeffrey 

fluid stream with the Soret-Dufour influences has been issued for various boundaries, such as the inclined channel [19-

20], horizontal channel [21], and flat sheet [22-23]. The MHD and Soret-Dufour effects on other non-Newtonian fluids 

are described by Fard et al. [24], Sudarmozhi et al. [25], and Prajapati and Meher [18].   

The viscous 3D magnetohydrodynamics stream of Newtonian fluid passing by a plate elongating exponentially was 

analyzed by Parvin et al. [26] to study the flow, thermal, and mass movement. In contrast, the current study focuses on 

the thermal properties of a three-dimensional Jeffrey fluid in an expanding plane with the injection effect, building upon 

the foundational work on Jeffrey fluids over stretching sheets reported by Ahmad et al. [23]. The expanding plane is 

chosen as a flow model to account for flows in geometries where the plane area increases with flow direction. It also 

presents geometric inhomogeneity that more truly reflects practical complex industrial flow fields and biological flow 

domains. Furthermore, the presence of the injection effect permits a more realistic modelling of practical systems such as 

filtration apparatus, biomedical applications (drug delivery), cooling systems, and chemical reactors. Injection also plays 

a key role in controlling flow separation and enhancing mixing efficiency. This paper also formulates the mathematical 

formulation and analyzed the parameters such as mixed convection parameter, buoyancy ratio, injection rate, Soret 

number and Dufour number to solve the non-Newtonian fluid by MATLAB bvp4c coding. The variations of Jeffrey fluid 
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flow components, thermal components and mass components for different parameters are probed and given detailed 

explanation. 

2. Methodology 
An incompressible, steady, two-dimensional Jeffrey fluid is considered to stream through 3D horizontal extending plane 

(𝑥 − and 𝑦 −axes). The 3D model of double diffusive Jeffrey fluid stream in Figure 1 has shown the physical layout with 

a coordinate structure. The components of the fluid’s velocity in the horizontal and vertical directions are indicated by 

𝑝𝑤(𝑥, 𝑦) = 𝜇1𝑃0𝑒
(𝑥+𝑦)/𝐿 and 𝑞𝑤(𝑥, 𝑦) = 𝜇2𝑄0𝑒

(𝑥+𝑦)/𝐿, respectively. The constant 𝑄0 > 0 is assumed as 𝑃0 = 𝑄0 in the 

velocity’s components, 𝑝𝑤 and 𝑞𝑤. The variable temperature of the surface and the fluid concentration are represented as 

𝑇𝑤(𝑥, 𝑦) = 𝑇∞ + 𝑇0𝑒
(𝑥+𝑦)/2𝐿 and 𝐶𝑤(𝑥, 𝑦) = 𝐶∞ + 𝐶0𝑒

(𝑥+𝑦)/2𝐿. The constant peripheral temperature 𝑇∞ and 

concentration 𝐶∞ are regarded.  

 

Figure 1. The layout of 3D double diffusive Jeffrey fluid stream model 

The ruling equations for the boundary layer can be stated as [23]:  

𝜕𝑃

𝜕𝑥
+
𝜕𝑞

𝜕𝑦
+
𝜕𝑟

𝜕𝑧
= 0 (1) 

𝑝
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𝜈
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[
𝜕2𝑝

𝜕𝑦2
+ 𝜇2 (𝑝

𝜕3𝑝

𝜕𝑥𝜕𝑦2
+
𝜕𝑝

𝜕𝑦

𝜕2𝑝

𝜕𝑥𝜕𝑦
−
𝜕𝑝

𝜕𝑥

𝜕2𝑝

𝜕𝑦2
+ 𝑞

𝜕3𝑝

𝜕𝑦3
)] 
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2
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𝑝, 
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𝜕𝑞
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+ 𝑟

𝜕𝑞

𝜕𝑧
=

𝜈

1 + 𝜇1
[
𝜕2𝑝

𝜕𝑦2
+ 𝜇2 (𝑝
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𝜕𝑝
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𝜕2𝑝

𝜕𝑥𝜕𝑦
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𝜕𝑥

𝜕2𝑝

𝜕𝑦2
+ 𝑞
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)] 

+𝑔𝛽𝑇(𝑇 − 𝑇∞) + 𝑔𝛽𝐶(𝐶 − 𝐶∞) − 𝜎
𝛽0
2

𝜌
𝑝, 

(3) 

𝑝
𝜕𝑇

𝜕𝑥
+ 𝑞

𝜕𝑇

𝜕𝑦
+ 𝑟

𝜕𝑇

𝜕𝑧
= 𝛼

𝜕2𝑇

𝜕𝑧2
+
𝐷𝐾
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𝜕2𝐶

𝜕𝑧2
, (4) 

𝑝
𝜕𝐶

𝜕𝑥
+ 𝑞

𝜕𝑇

𝜕𝑦
+ 𝑟

𝜕𝑇

𝜕𝑧
= 𝐷
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𝜕𝑧2
+
𝐷𝐾
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, (5) 

where 𝑝, 𝑞 and 𝑟 are the 𝑥−, 𝑦 − and 𝑧 − elements of the velocity respectively, the proportion of the relaxation time to 

the retardation time is indicated by 𝜇1, where 𝜇2 is the relaxation time. The kinematic viscosity, which results from the 

dynamic viscosity 𝜇 divided by the fluid’s density 𝜌, is denoted by 𝜈, 𝑔 is the gravitational acceleration, 𝜎 represents 

conductivity of electricity, 𝛼 is the heat dispersal, thermal growth’s coefficient is 𝛽𝑇 , the solutal growth’s coefficient is 

𝛽𝐶 , 𝛽0 is the uniform intensity of magnetic flux, 𝐾 is the ratio of heat dispersal, 𝑇 is the fluid’s temperature, 𝐷 is the 

dispersal of mass, 𝐶𝑠 is the susceptibility of the fluid’s concentration, 𝐶𝑝 denotes the specific heat at constant pressure 

and 𝑇𝑚 is the fluid’s mean temperature. The present stream inspection possesses the subsequent boundary constraints 

[26]: 

𝑝 = 𝑝𝑤(𝑥, 𝑦) = 𝜇1𝑃0𝑒
(𝑥+𝑦)/𝐿 , 𝑞 = 𝑞𝑤(𝑥, 𝑦) = 𝜇2𝑄0𝑒

(𝑥+𝑦)/𝐿 at 𝑧 = 0, 

(6) 𝑟 = 𝑅(𝑥, 𝑦), 𝑇𝑤(𝑥, 𝑦) = 𝑇∞ + 𝑇0𝑒
(𝑥+𝑦)/2𝐿 , 𝐶𝑤(𝑥, 𝑦) = 𝐶∞ + 𝐶0𝑒

(𝑥+𝑦)/2𝐿 at 𝑦 = 0, 

𝑝 → 0, 𝑞 → 0, 𝑇 → 𝑇∞, 𝐶 → 𝐶∞ as 𝑧 → ∞, 
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The new similarity conversions are introduced as follows [26]: 

𝜂 = √
𝑃0
2𝐿𝜈

𝑒
(𝑥+𝑦)
2𝐿 𝑧, 𝑝 = 𝑃0𝑒

(𝑥+𝑦)
2𝐿 𝑓′(𝜂), 𝑞 = 𝑄0𝑒

(𝑥+𝑦)
2𝐿 ℎ′(𝜂), 

(7) 
𝑟 = −√

𝜈𝑃0
2𝐿
𝑒
(𝑥+𝑦)
2𝐿 [𝑓(𝜂) + 𝜂𝑓′(𝜂) + ℎ(𝜂) + 𝜂ℎ′(𝜂)], 

𝑇 = 𝑇𝑤(𝑥, 𝑦) = 𝑇∞ + 𝑇0𝑒
(𝑥+𝑦)

2𝐿 𝜃(𝜂), 𝐶 = 𝐶𝑤(𝑥, 𝑦) = 𝐶∞ + 𝐶0𝑒
(𝑥+𝑦)

2𝐿 𝜙(𝜂)  

 

where 𝜂 depicts the boundary layer thickness, 𝑓 ′(𝜂) and ℎ′(𝜂) are the velocity profiles along horizontal and vertical axes 

respectively, 𝜃(𝜂) is the temperature profile and 𝜙(𝜂) is the concentration profile. Utilizing Eq. (7), Eq. (1) has been 

satisfied. Similarly, Eqs. (2) - (5) have been transformed as below: 

2[𝑓′(𝜂)]2 + 2ℎ′(𝜂)𝑓′(𝜂) − 𝑓(𝜂)𝑓′′(𝜂) − ℎ(𝜂)𝑓′′(𝜂) =
1

𝜂2
𝑓′(𝜂) +

1

𝜂2
𝜂𝑓′′(𝜂) + 𝑓′′′(𝜂) 

+
3

4
𝛽∗𝑓′′′(𝜂)[𝑓′(𝜂) + ℎ′(𝜂)] +

𝛽∗𝜂

8
𝑓(𝑖𝑣)(𝜂)[𝑓′(𝜂) + ℎ′(𝜂)] +

𝛽∗

𝜂2
𝑓′(𝜂)[𝑓′(𝜂) + ℎ′(𝜂)] 

+
3𝛽∗

2𝜂
𝑓′′(𝜂)[𝑓′(𝜂) + ℎ′(𝜂)] + (1 + 𝜇1)𝑅𝑖[𝜃(𝜂) + 𝑁𝜙(𝜂)] − (1 + 𝜇1)

𝑀

𝜂2
𝑓′(𝜂), 

(8) 

2𝑓′(𝜂)ℎ′(𝜂) + 2[ℎ′(𝜂)]
2
− ℎ′′(𝜂)𝑓(𝜂) − ℎ′′(𝜂)ℎ(𝜂) =

1

𝜂2
𝑓′(𝜂) +

1

𝜂2
𝜂𝑓′′(𝜂) + 𝑓′′′(𝜂) 

+
3

4
𝛽∗𝑓′′′(𝜂)[𝑓′(𝜂) + ℎ′(𝜂)] +

𝛽∗𝜂

8
𝑓(𝑖𝑣)(𝜂)[𝑓′(𝜂) + ℎ′(𝜂)] +

𝛽∗

𝜂2
𝑓′(𝜂)[𝑓′(𝜂) + ℎ′(𝜂)] 

+
3𝛽∗

2𝜂
𝑓′′(𝜂)[𝑓′(𝜂) + ℎ′(𝜂)] + (1 + 𝜇1)𝑅𝑖[𝜃(𝜂) + 𝑁𝜙(𝜂)] − (1 + 𝜇1)

𝑀

𝜂2
𝑓′(𝜂), 

(9) 

1

𝑃𝑟
𝜃′′(𝜂) − 𝜃[𝑓′(𝜂) + ℎ′(𝜂)] + 𝜃′[𝑓(𝜂) + ℎ(𝜂)] + 𝐷𝑏𝜙′′(𝜂) = 0, (10) 

1

𝑆𝑐
𝜙′′(𝜂) − 𝜙[𝑓′(𝜂) + ℎ′(𝜂)] + 𝜙′[𝑓(𝜂) + ℎ(𝜂)] + 𝑆𝑟𝜃′′(𝜂) = 0, (11) 

where 𝛽∗ is the ratio of Deborah number and energy defined as 𝛽 =
𝜈𝜇2

𝐿2
 and 𝐸 =

𝜈

𝑃0𝐿
𝑒−

(
𝑥+𝑦

𝐿
)
 respectively, 𝑃𝑟 =

𝜈

𝛼
 is the 

Prandtl number, 𝑅𝑖 =
𝐿2

𝑈0𝜈
𝑔𝛽𝑇𝑇0𝑒

−
(𝑥+𝑦)

2𝐿  is the constant mixed convection parameter, 𝑁 =
𝛽0𝐶0

𝛽𝑇𝑇0
 is the buoyancy ratio, 𝑀 =

𝐿2𝜎𝛽0
2

𝜈𝜌
 is the magnetic field, 𝑆𝑐 =

𝜈

𝐷
 is the Schmidt number, 𝑆𝑟 =

𝐷𝐾𝑇0

𝑇𝑚𝐶0𝜈
 is the Soret number and 𝐷𝑏 =

𝐷𝐾

𝐶𝑠𝐶𝑝

𝐶0

𝑇0𝜈
 is the Dufour 

number. The boundary conditions as shown in Eq. (6) have been transformed as below: 

𝑓(0) = 𝐼, 𝑓′(0) = 𝜇1, ℎ(0) = 0, ℎ
′(0) = 𝜇2, 𝜃(0) = 1, 𝜙(0) = 1 at 𝜂 = 0, 

(12) 

𝑓′(𝜂) → 0, ℎ′(𝜂) → 0, 𝜃(𝜂) → 0, 𝜙(𝜂) → 0 as 𝜂 → ∞, 

where 𝐼 = −
𝑅(𝑥,𝑦)

√
𝜈𝑃0
2𝐿
𝑒
(𝑥+𝑦)
2𝐿

 is the injection parameter. The skin friction coefficients, 𝐶𝑓𝑥, 𝐶𝑓𝑦 besides local Nusselt number, 

𝑁𝑢𝑥 and local Sherwood number, 𝑆ℎ𝑥 are interpreted as following: 

𝐶𝑓𝑥 =
𝜏𝑥𝑧

𝜌𝑃0
2 ,  𝐶𝑓𝑦 =

𝜏𝑦𝑧

𝜌𝑄0
2, 

(13) 

𝑁𝑢𝑥 =
𝐿𝑞𝑤

𝑘(𝑇𝑤 − 𝑇∞)
, 𝑆ℎ𝑥 =

𝐿

(𝐶𝑤 − 𝐶∞)
(−
𝜕𝐶

𝜕𝑧
), 

where 𝜏𝑥𝑧 = 𝜇 (
𝜕𝑝

𝜕𝑥
+
𝜕𝑟

𝜕𝑧
)
𝑧=0

 and 𝜏𝑦𝑧 = 𝜇 (
𝜕𝑞

𝜕𝑥
+
𝜕𝑞

𝜕𝑧
)
𝑧=0

 are the shear stresses along 𝑥𝑧 and 𝑦𝑧 planes and 𝑞𝑤 =

−𝑘 (
𝜕𝑇

𝜕𝑧
)
𝑧=0

 is the heat flux on the surface. Substituting Eq. (7) into Eq. (13), the dimensionless form of physical 

parameters is acquired as shown in Eq. (14). 
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√𝑅𝑒𝑥𝑒
−
2(𝑥+𝑦)
𝐿 𝐶𝑓𝑥 +

1

2𝑅𝑒𝑥
= 𝑓′′(0), √𝑅𝑒𝑦𝑒

−
2(𝑥+𝑦)
𝐿 𝐶𝑓𝑦 +

1

2𝑅𝑒𝑦
= ℎ′′(0), 

(14) 

𝑁𝑢𝑥√
2

𝑅𝑒𝑥
= −𝜃′(0), 𝑆ℎ𝑥√

2

𝑅𝑒𝑥
= −𝜙′(0), 

where 𝑅𝑒𝑥 =
𝐿𝑃0

𝜈
𝑒
(𝑥+𝑦)

𝐿  and 𝑅𝑒𝑥 =
𝐿𝑄0

𝜈
𝑒
(𝑥+𝑦)

𝐿  are Reynold’s number along 𝑥 and 𝑦 axes. 

2.1 Numerical Solution 
The nonlinear ordinary differential equations are resolved by a bvp4c built-in function in MATLAB. The numerical data 

of the skin friction coefficient number, the local Nusselt number, local Sherwood number together with the velocity profile 

along 𝑥 −axis [𝑓 ′(𝜂) ] and along 𝑦 −axis [ℎ′(𝜂)], temperature profile and concentration profile will be obtained for 

numerous values of Deborah number 𝛽, the mixed convection parameter 𝑅𝑖, the Soret number 𝑆𝑟, Dufour number 𝐷𝑏, 

Schmidt number 𝑆𝑐 and Prandtl number 𝑃𝑟. This numerical technique contains Code A, and it is executed to acquire the 

solutions numerically for any values of autonomous variables. Hence, the ruling equations [Eqs. (8) - (11)] with the 

boundary conditions [Eq. (12)] are applied in the MATLAB bvp4c coding. Finally, the following variables are introduced: 

𝑦(1) = 𝑓, 𝑦(2) = 𝑓′, 𝑦(3) = 𝑓′′, 𝑦(4) = 𝑓′′′, 𝑦(5) = ℎ, 
(15) 

𝑦(6) = ℎ′, 𝑦(7) = 𝜃, 𝑦(8) = 𝜃′, 𝑦(9) = 𝜙, 𝑦(10) = 𝜙′. 

 

By using these variables, Eqs. (8) - (11) are converted to, 

(
8

𝐵𝜂(𝑦(2) + 𝑦(6))
)

(

 
 
 
 
2𝑦(2)[𝑦(2) + 𝑦(6)] − 𝑦(3)[𝑦(1) + 𝑦(5)] −

1

𝜂2
[𝑦(2) + 𝜂𝑦(3)] − 𝑦(4)

−[𝑦(2) + 𝑦(6)] [
3

4
𝐵𝑦(4) +

𝐵

𝜂2
𝑦(2)] +

3𝐵

2𝜂
𝑦(3)

−(1 + 𝐿) {𝑅𝑖[𝑦(7) + 𝑁𝑦(9)] −
𝑀

𝜂2
𝑦(2)}

)

 
 
 
 

, (16) 

2𝑦(6)[𝑦(2) + 𝑦(6)] −
1

𝜂2
[𝑦(2) + 𝜂𝑦(3)] − 𝑦(4) −

𝐵𝜂

8
𝑦(5)[𝑦(2) + 𝑦(6)] − [𝑦(2) + 𝑦(6)] 

([
3

4
𝐵𝑦(4) +

𝐵

𝜂2
𝑦(2)] +

3𝐵

2𝜂
𝑦(3) − (1 + 𝐿) {𝑅𝑖[𝑦(7) + 𝑁𝑦(9)] −

𝑀

𝜂2
𝑦(2)}), 

(17) 

(
𝑃𝑟

(1 − 𝐷𝑏)𝑆𝑐𝑆𝑟𝑃𝑟
) ([𝑦(2) + 𝑦(6)][𝑦(7) − 𝐷𝑏𝑆𝑐𝑦(9)] + [𝑦(1) + 𝑦(5)]{𝐷𝑏𝑆𝑐[𝑦(10) − 𝑦(8)]}), (18) 

(
𝑆𝑐

(1 − 𝐷𝑏)𝑆𝑐𝑆𝑟𝑃𝑟
) ([𝑦(9) − 𝑃𝑟𝑆𝑟𝑦(7)][𝑦(2) + 𝑦(6)] − [𝑦(1) + 𝑦(5)][𝑦(10) − 𝑃𝑟𝑆𝑟𝑦(8)]). (19) 

Similarly, Eq. (12) is transformed as given below: 

𝑦𝑎(1) = 𝐼, 𝑦𝑎(2) = 𝜇1, 𝑦𝑎(5) = 0, 𝑦𝑎(6) = 𝜇2, 𝑦𝑎(7) = 1, 𝑦𝑎(9) = 1, 
(20) 

𝑦𝑏(2) → 0, 𝑦𝑎(6) → 0, 𝑦𝑎(7) → 0, 𝑦𝑎(9) → 0, 

where 𝑦𝑎 and 𝑦𝑏 refers to the boundary conditions on the wall and away from the wall respectively. Eqs. (16) - (19) 

together with Eq. (20) are used to develop the MATLAB coding using the bvp4c solver function. 

2.2 Comparison with Previous Results 
To test the precision of the applied numerical method, the current findings are rationalised by collating with previous 

data. Accordingly, the current findings are collated with the numerical findings reported by Parvin et al. [26, 27]. The 

comparison for the gradient of temperature on the wall, 𝜃′(0) among the current findings and the previous findings are 

shown in Table 1. As a conclusion, the present values of the solution for 𝜃′(0) are in great resemblance with those reported 

by preceding researchers. Thus, the fine comparison provides us sufficient credence and confidence to conduct our study 

both theoretically and numerically. 
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Table 1. Similarity of the temperature gradient values on the wall, 𝜃′(0) for numerous values of 𝑃𝑟 when 

𝑀 =  𝑁 = 𝑅𝑖 =  𝑆𝑐 =  𝑆𝑟 =  𝐷𝑏 =  𝐵 =  𝐼 =  0 

𝜇 𝑃𝑟 Parvin et al. [27] Parvin et al. [26] Present 

 1   -1.04591 

1.2 3 - - -2.04747 

 5   -2.73876 

 1  -1.00139 -1.00139 

1.1 3 - -1.96030 -1.96030 

 5  -2.62216 -2.62216 

 1 -0.95478 -0.95478 -0.95478 

1 3 -1.86907 -1.86907 -1.86907 

 5 -2.50013 -2.50013 -2.50013 

 1 0.90579 0.90579 0.90579 

0.9 3 1.77316 1.77316 1.77316 

 5 0.07692 0.07692 0.07692 

3. Results and Discussion 
Figures 2-4 show the components of velocity along the 𝑥 and 𝑦-axes subject to the influence of | 𝐼 |, 𝑅𝑖, and 𝑁 respectively. 

Based on the injection parameter, the values are supposed to be negative values (-0.1, -0.3, -0.5) but the injection rate 

changes to the positive values with the presence of | 𝐼 | to show the increment of 𝐼 easily. Overall, it could be noticeable 

from Figure 2(a) such that the fluid’s velocity continously increases with the increment in | 𝐼 | for horizontal component. 

The velocity for the vertical component (Figure 2 (b)) is seen to increase and decrease with the increment of 𝐼 as the 

maximum peak occurs for the lowest value | 𝐼 | =  0.1, then it increases with the increment of | 𝐼 | and 𝜂 ≥ 1.5. The 

velocity turns up from the maximum peak eventually reaching the ambient velocity approximately. This behaviour 

contributes to the broadening of the boundary layer for both velocity components as greater injection is applied to the 

flow. Increasing the injection parameter creates drag, which in turn elevates the magnitude of the velocity. 

  

(a) (b) 

Figure 2. Velocity profiles for (a) the horizontal axis 𝑓′(𝜂) and (b) vertical axis ℎ′(𝜂) for diverse values of the injection 

parameter | 𝐼 | 

The outturn of the mixed convection parameter 𝑅𝑖 on the velocity is pictured in Figure 3. A maximum peak of velocity 

happens nearer the sheet (small 𝜂) when greater 𝑅𝑖 is imposed. Increment in 𝑅𝑖 increases the velocity for thinner boundary 

layer whilst gives reverse impact when the boundary layer gets thicker. The dissimilarity of the magnitude for both 

components of the velocity is observable closer to the sheet. However, it becomes insignificant for greater 𝜂. Graphically, 

it could be noticed from Figure 3 that the maximum peak for both components occurs for the biggest 𝑅𝑖 value for assisting 

stream. However, the peak of horizontal component is greater than vertical component. In addition, as the boundary layer 

becomes thicker, the velocity gradually approaches zero, indicating that the fluid stabilizes and becomes motionless far 

from the surface. The fluid’s velocity inclines and decreases in certain range as the mixed convection parameter is 

augmented for both cases. But Figure 3(b) is seen to decrease and increase with the increment of I as the maximum peak 

happens at the greatest value 𝑅𝑖 =  1.2, then it decreases with the increment of 𝑅𝑖 and 𝜂 ≥  2.5. The velocity turns down 

from the maximum peak until it reaches approximately the ambient velocity. 
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(a) (b) 

Figure 3. Velocity profiles for (a) the horizontal component 𝑓′(𝜂) and (b) vertical component ℎ′(𝜂) for diverse values 

of the mixed convection parameter 𝑅𝑖 

The influence of the buoyancy ratio 𝑁 on the velocity profile is delineated in Figure 4. In the attendance of a bigger 

𝑁, highest peak appears nearby to the plate (small 𝜂). For thin boundary layer, augmentation in 𝑁 values incline the 

velocity, and a contrary trend is spotted for a broader 𝜂. From this graph, a maximum peak of both components appears 

for the biggest 𝑁 nearby to extending sheet for the assisting flow. Despite this, the horizontal component possesses bigger 

maximum value compared to vertical component. After the maximum peak for Figure 4(a), the maximum point 𝑁 =  3.4 

happens for opposing stream. Additionally, the fluid reaches a stable state as the boundary layer thickness inclines. The 

fluid’s velocity elevates and decreases in certain range as the buoyancy parameter is increased for both cases. But Figure 

4(b) is seen to decrease and increase with the increment of I as the maximum peak exists for the biggest value 𝑁 =  3.4, 

then it decreases with the increment of 𝑁 and 𝜂 ≥  2.5. The velocity turns down from the maximum peak until it reaches 

approximately the ambient velocity. 

 

  
(a) (b) 

Figure 4. Velocity profiles for (a) the horizontal axis 𝑓′(𝜂) and (b) vertical axis ℎ′(𝜂) for diverse values of the 

buoyancy parameter 𝑁 

An opposite analysis was made for the temperature profile in Figure 5. The temperature profile 𝜃(𝜂) for different 

values of 𝑆𝑟 and 𝐷𝑏 are illustrated respectively in this figure. Figure 5(a) illustrates that the temperature decreases 

continuously for all values of 𝜂. As 𝑆𝑟 increases, it is noticed that the temperature deteriorates near to the sheet but varies 

oppositely when 𝜂 ≥  1.5 approximately. It is also perceptible from Figure 5(b) that the inclination of temperature is 

pivotal closer the sheet and converts moderately to the peripheral temperature for higher 𝜂. An increase in temperature 

difference enhances thermal energy movement from the cooler to the hotter region, which is attributed to the Dufour 

effect. Accordingly, Figure 5(b) outlines that the boundary layer broadness and temperature are intensified with the 

surging of 𝐷𝑏. Therefore, the temperature increases due to the increment of the Dufour effect and for the Soret effect, it 

decreases and increases with the increment of 𝑆𝑟. The Dufour effect refers to the phenomenon where temperature 

gradients induce mass exchange within a fluid. In the context of double diffusive flows, the Dufour effect can influence 

the temperature profile by causing variations in mass transport rates. Higher temperature gradients can lead to enhanced 

mass transfer, affecting the concentration profile in the fluid. This effect is often described by the Dufour coefficient, 

which exhibits the thermal exchange and mass exchange ratio. 
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(a) (b) 

Figure 5. Temperature profile 𝜃(𝜂) for diverse values of (a) the Soret number 𝑆𝑟 and (b) Dufour number 𝐷𝑢 

  
(a) (b) 

Figure 6. Concentration profile 𝜙(𝜂) for diverse values of (a) the Soret number 𝑆𝑟 and (b) Dufour number 𝐷𝑢 

The concentration’s profiles for non-similar values of 𝑆𝑟 and 𝐷𝑏, respectively, are portrayed in Figure 6. The exchange 

of mass from smaller to greater concentration region due to the temperature difference is determined by the Soret effect. 

Figure 6(a) exhibits the continual increment of the concentration for all ranges of 𝜂. It is noticeable that the elevation of 

concentration is notable near the sheet and gradually becomes normal temperature for greater 𝜂. Besides, Figure 6(b) 

depicts the temperature decreasing as the value of 𝐷𝑏 is increased near the sheet and it acts reversely when 𝜂 ≥  2.0. 

Thus, the concentration increases because of inclining Soret number (Figure 6(a)). In Figure 6(b), the concentration profile 

deteriorates and rises with the increment of 𝐷𝑏. The Soret effect is related to the consequences of concentration gradients 

on heat dispersal within a fluid. In the existence of concentration gradients, the Soret effect can lead to variations in 

temperature, influencing the thermal profile of the fluid. In double diffusive flows, the Soret effect becomes crucial as it 

introduces a coupling between temperature and concentration fields, affecting both heat and mass transport. 

 

 
 

(a) (b) 

Figure 7. Skin friction coefficient in (a) the horizontal component √𝑅𝑒𝑥𝑒
−
(𝑥+𝑦)

𝐿 𝐶𝑓𝑥 +
1

2𝑅𝑒𝑥
 and (b) the vertical component 

√𝑅𝑒𝑦𝑒
−
(𝑥+𝑦)

𝐿 𝐶𝑓𝑦 +
1

2𝑅𝑒𝑦
 versus injection parameter |𝐼| for diverse values of the mixed convection parameter 𝑅𝑖 

Figure 7 and Figure 8 showcase the skin friction coefficient along 𝑥 and 𝑦-axes, respectively. Precisely, the effects of 

| 𝐼 | and 𝑅𝑖 on the skin friction coefficient is delineated in Figure 7. The value of the skin friction coefficient increases as 
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a response to the uplift of 𝑅𝑖 in horizontal direction while it decreases for vertical direction. The influence of the mixed 

convection parameter does not yield a notable variation in the vertical components of skin friction coefficient. However, 

the horizontal component possesses a perceivable change for the same parameter. For all ranges of | 𝐼 |, the skin friction 

coefficients drop down. Concurrently, the effect of | 𝐼 | and 𝑁 on the skin friction coefficient is resented in Figure 8. The 

dissimilarity of the skin friction coefficient for horizontal component inclines with the growth of 𝑁 , for the increment of 

injection rate parameter | 𝐼 | (assisting stream) while it decreases for vertical component. It is worth mentioning that the 

flow accelerates in the case of assisting flow as 𝑁 increases. Consequently, the local skin friction coefficient for horizontal 

component expands in Figure 8(a). Figure 8(b) portrays that the stream of fluid decelerates since the local skin friction 

coefficient decreases and reaches approximately the ambient velocity. 

  

(a) (b) 

Figure 8. Skin friction coefficient in (a) the horizontal component √𝑅𝑒𝑥𝑒
−
(𝑥+𝑦)

𝐿 𝐶𝑓𝑥 +
1

2𝑅𝑒𝑥
 and (b) the vertical 

component √𝑅𝑒𝑦𝑒
−
(𝑥+𝑦)

𝐿 𝐶𝑓𝑦 +
1

2𝑅𝑒𝑦
 versus injection parameter |𝐼| for diverse values of the buoyancy parameter 𝑁 

The local Nusselt number 𝑁𝑢𝑥√
2

𝑅𝑒𝑥
 against | 𝐼 | for different values of 𝑆𝑟 is presented in Figure 9(a). Whilst 𝑁𝑢𝑥√

2

𝑅𝑒𝑥
  

against | 𝐼 | for diverse values of 𝐷𝑏 is displayed in Figure 9(b). Additionally, the local Sherwood number 𝑆ℎ𝑥√
2

𝑅𝑒𝑥
  

against | 𝐼 | for non-similar values of 𝑆𝑟 and 𝐷𝑏 are showcased in Figure 10(a) and Figure 10(b) respectively. The values 

of 𝑁𝑢𝑥√
2

𝑅𝑒𝑥
  grows when both the injection rate parameter | 𝐼 | and the Soret effect 𝑆𝑟 are intensified (Figure 9(a)). A 

similar trend is discerned for the local Sherwood numbers affected by both | 𝐼 | and the Dufour effect 𝐷𝑏 (Figure 10(b)). 

The local Nusselt number (Figure 9(a)) alongside the local Sherwood number (Figure 10(b)) increase for the increment 

of | 𝐼 |. In Figure 9(b), it is perceivable that the local Nusselt number decreases with the augmentation of 𝐷𝑏 and the same 

profile pattern is observed in Figure 10(a). Based on Figure 9, it shows that the Soret number positively affects the Nusselt 

number. It shows the same in Figure 10 as Dufour number 𝐷𝑏 positively influence the Sherwood number. 

 

  
(a) (b) 

Figure 9. Local Nusselt number 𝑁𝑢𝑥√
2

𝑅𝑒𝑥
 versus injection effect parameter |𝐼| (a) for diverse values of the Soret 

number 𝑆𝑟 and (b) for diverse values of the Dufour number 𝐷𝑏 

The Nusselt number characterizes the convective heat exchange and conductive heat exchange ratio along a boundary 

layer. For a fluid system influenced by the Dufour effect, an uplift in the Dufour number 𝐷𝑏 signifies enhanced thermal 

diffusion effects. This can lead to change in temperature gradients and, consequently, impact the Nusselt number. The 

relationship between Dufour number and Nusselt number rely on the attributes of the fluid flow and boundary conditions. 

Besides, the Sherwood number marks the proportion of convective mass exchange to diffusive mass exchange along a 
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boundary layer. For a fluid system influenced by the Soret effect, an uplift in the Soret number 𝑆𝑟 indicates enhanced 

thermo-diffusion effects, leading to change in concentration gradients and affecting the Sherwood number. 

 

  
(a) (b) 

Figure 10. Local Nusselt number 𝑆ℎ𝑥√
2

𝑅𝑒𝑥
 versus injection effect parameter |𝐼| (a) for diverse values of the Soret 

number 𝑆𝑟 and (b) for diverse values of the Dufour number 𝐷𝑏 

4. Conclusions 
The grail of current study is to construct a mathematical framework for thermal properties of Jeffrey fluid flow with 

injection effect over an extending sheet. The model comprises of continuity equation, momentum equations in (𝑥 −, 

𝑦 −axes), thermal equation, concentration equation, and the boundary constraints. The equations which in the structure 

of partial differential equations are altered into ordinary differential equations by applying similarity transformation. The 

suitable boundary conditions for the ordinary differential equations are also found using the similar step. The equations 

are then executed in bvp4c solver rendered by MATLAB software to curb the numerical findings. The resulting findings 

are velocity profiles for 𝑥 and 𝑦 components, temperature, and concentration. Later, the effects of the mixed convection 

parameter 𝑅𝑖, the bouyancy ratio 𝑁 , the injection rate | 𝐼 |, the Soret number 𝑆𝑟 and Dufour number 𝐷𝑏 parameters on 

the developed model are probed by altering the values of respective parameters within the coding and noticing the trends 

of the solutions for each profile. The graphical presentation of these behaviours is presented. 

The velocity of the flow shoots up as the injection rate parameter increased for a larger 𝜂. The stream velocity also 

inclines with the escalation of the mixed convection parameter 𝑅𝑖 and the buoyancy parameter 𝑁 for a minor broadness 

of the boundary layer, and it behaves in reverse manner distant from the sheet. Temperature profile increases for several 

values of 𝐷𝑏 and the concentration profiles upsurges for numerous values of 𝑆𝑟. It proves that the temperature is affected 

by 𝐷𝑏 and concentration profile is influenced by 𝑆𝑟. The skin friction coefficient for horizontal direction uplifts with the 

escalation of 𝐼 in numerous values of 𝑅𝑖 and 𝑁 . The skin friction coefficient for vertical direction decreases with the 

augmentation of 𝐼 in diverse values of 𝑅𝑖 and 𝑁 . The local Nusselt number elevates with the escalation of 𝑆𝑟 and the 

local Sherwood number uplifts with the increasing of 𝐷𝑏. The Soret effect can influence the Nusselt number in the context 

of thermal exchange and in the context of mass exchange, the Dufour impact can influence the Sherwood number. 
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