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• What is a Fluid?

• Fluid: A substance in the liquid or gas phase. 

• A fluid deforms continuously under the influence of a shear stress, no 
matter how small. 

• In solids, stress is proportional to strain, but in fluids, stress is 
proportional to strain rate. 
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•Fluids can be categorized as Newtonian and non-
Newtonian.

•Non-Newtonian fluid models: Tangent hyperbolic
fluids, Casson, Williamson, tangent hyperbolic fluids,
etc.

•Tangent hyperbolic fluid exhibits a shear thinning
attributes, e. g. ketchup, paints, biological fluids, etc.

• Crucial applications of this fluid are found in polymer
industries, paint industries, food processing &
manufacturing.
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❖Dusty fluids are two-phase fluid flows (also particle-laden flows) that
consist of suspended dust particles or related solid items distributed in
a fluid.

❖They particles can be of various compositions and sizes, as small as
fine particulate matter or even rubble. Common in construction and
industrial sites, mudflows, sediment-laden rivers, etc.

❖Fluids containing suspended dust particles can greatly influence flow
dynamics, heat and mass transfer, and other thermophysical properties.

❖Such as petroleum and crude oil engineering, environmental and
geotechnical engineering (e.g., pollution control etc.), powder
technology (e.g., fluid processing, drug and pharmaceuticals, etc.).
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Application Areas of Fluid Mechanics and Heat Transfer inTechnology

Fluid dynamics and heat transfer is 

used extensively in the design of 

artificial hearts. 



More Applications
• Internal 

Combustion Engines-

In Transportation

Systems

• Thermotherapy

(The  use of heat in 

Therapy)



Mathematical Modelling of Physical Problems
Why do we need differential equations?

Most scientific problems involve eqns that relate 

the changes in some key variables to each 

other.

differential equations provide precise

mathematical formulations for the physical

principles and laws by representing the rates

of change as derivatives.

They are used to investigate a wide variety of 

problems in sciences and engineering.



Basic Assumptions :
The flow is steady, incompressible on a 2D sheet

The Fluid is a tangent hyperbolic fluid.

The radiative heat flux term in 𝑥 direction is  negligible as 

compared to that in the y direction.

Joule heating and Viscous dissipation are included

The thermal conductivity is temperature-dependent.

The sheet temperature is aided through a convective heating 

mechanism from a hot fluid with a temperature 𝑇_𝑓



The Flow Geometry

Figure . 1: Cartesian system & Physical model 





𝜕𝑢

𝜕𝜁
+

𝜕𝑣

𝜕𝜉
= 0 (1) 

 𝑢
𝜕𝑢

𝜕𝜁
+ 𝑣

𝜕𝑢

𝜕𝜉
=

1

𝜌𝑓
1 − ℎ

𝜕2𝑢

𝜕𝜉2
+ ℎ𝜗𝑓Γ√2

𝜕2𝑢

𝜕𝜉2
𝜕𝑢

𝜕𝑧
−

𝜎

𝜌𝑓
𝐵0
2 +

𝜇𝑓

𝐻𝜌𝑓
𝑢 +

(𝐻0𝜋𝐾0)

8𝜌𝑓
exp −𝜉

𝜋

𝑏
(2) 

 (3)



Governing Equations Cont’d



Transformation & Dimensional Variables





Method of Solution

 Due to the high nonlinearity of the problem.

 The solution to the equations (9-13) is found by shooting method
with the Runge-Kutta Felherb algorithm.

 Accuracy, reliability and ability of RKF to nonlinear problems is high.

 The codes were written and implemented using the symbolic
software Maple 18.

 The adopted values of parameters are :𝑊𝑒 = 0.5, 𝐵 = 0.2, 𝐷𝑎 =
0.4,𝑀 = 0.5, 𝐿 = 0.4, 𝑅 = 0.2, 𝛿 = 0.2, 𝜖 = 0.2, 𝐵𝑡 = 0.5, 𝑄 =
0.1, 𝐸𝑐 = 0.2, 𝜅 = 0.2.



Results Validation

Table 1. Computed values of Nusselt Number for 𝑷𝒓 as compared with published articles when Nr=
𝑾𝒆 = 𝑸 = 𝑴 = 𝑳 = 𝒔 = 𝑩 = 𝟎, 𝒌 = 𝟏
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et al. (2018)

Lakshmi
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Numerical data for the local skin friction & Nusselt number
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Results and Discussion

Fig.2.   Velocity  profiles for variation in M Fig 3. Temperature profiles for M 



.

Fig. 4. Velocity profiles for L                       Fig. 5. Velocity profiles for B



Fig. 6. Effect of  Bt on temperature Fig. 7. Effect of Ec on Temperature



Fig. 8.  (a)  Effect of 𝛿 on thermal profile Fig. 9 Effect of 𝑄 on heat profiles



Conclusion

❖ Higher values of the heat source term, magnetic field and thermal conductivity

magnify the thermal bounding structure.

❖ The dusty phase thermal profiles increase with a rise in 𝐵𝑡 but the fluid phase heat

profile falls

❖ The hydrodynamic and velocity profiles fall with growing values of the magnetic 

field and porosity parameters escalate.

❖ The skin friction coefficient escalate with 𝑀,𝑊𝑒 and 𝐵.

❖ The heat transfer reduces with higher values of 𝐸𝑐 and 𝑄.
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