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What is Fluid Dynamics?

Fluid dynamics is a sub-discipline of fluid mechanics that
deals with the science of fluid flow, i.e the science of fluids
(liquid and gases) in motion.
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What is a fluid?
A fluid is any substance that flows or deforms continuously
when subjected to a shear stress. Examples of fluids include
water, blood, oil, honey, sauce, paint, and many others.

Fluid

Newtonian Non-Newtonian

These are fluids in which their viscosity
is not affected by shear rate. Examples

include water, air, and many more.

Shear rate play great role in their
viscosity. Examples include blood,

toothpaste, petroleum, cream and many
more. 

Flow TypeLaminar Turbulent
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Mathematical 
Modelling

Differential 
Equations

Numerical
Methods Linear Algebra

Dimensional
Analysis
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Continuity Equation

The continuity equation describes the transport of some
quantity. It is also call the conservation of mass.

𝜕𝜌

𝜕𝑡
+ ∇ · (𝜌u) = 0. (1)

𝜌 = density, 𝑡 = time, u = velocity vector.

Navier-Stokes Equation

The flow of fluids are generally modelled using the famous
Navier-Stokes equation:

𝜌

(
𝜕u

𝜕𝑡
+ (u · ∇)u

)
= −∇p + 𝜇∇2u + 𝜌g + other forces. (2)

𝜇 = viscosity, g = gravity, p = pressure.
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Modeling Industrial Problems

Problem Definition

Virtual prototype

Mathematical 
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Digital TwinConceptualization phase

Parameter
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data
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Virtual 
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A BRIEF LOOK INTO MY
WORLD OF FLUID

DYNAMICS
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1

𝜌

𝜕τ

𝜕𝑦
− 𝜎𝐵2𝑢

𝜌
= 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣 𝜕𝑢

𝜕𝑦
, (3)

𝜎𝐵2𝑢2

𝜌𝑐𝑝
+ 𝜅

𝜌𝑐𝑝

𝜕

𝜕𝑦

(
𝜕𝑇

𝜕𝑦

)
− 1

𝜌𝑐𝑝

𝜕𝑞𝑟

𝜕𝑦
= 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣 𝜕𝑇

𝜕𝑦
, (4)

The conditions of flow at the wall and far-field are

𝑣(𝑥, 𝑦) = 0, 𝑢(𝑥, 𝑦) = 𝜉𝑢𝑤 , 𝑇 (𝑥, 𝑦) = 𝑇𝑤 , at 𝑦 = 0,

𝑇 (𝑥, 𝑦) → 𝑇∞, 𝑢(𝑥, 𝑦) → 0, as 𝑦 → ∞.

}
(5)
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∇ · ®𝑞 = 0. (6)

𝜌

(
𝐷 ®𝑞
𝐷𝑡

+ 2 ®Ω × ®𝑞 + ®Ω × ( ®Ω × ®𝑟)
)
= −▽𝑝 + ∇ · 𝜏 + ®𝐽 × ®𝐵 − 𝜇 ®𝑞

𝐾
. (7)

𝜌𝑐𝑝

(
𝐷𝑇

𝐷𝑡

)
= 𝜅∇2𝑇 − ∇𝑞′𝑟 −𝑄∗ △ 𝑇. (8)
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The Millennium Prize Problems
In 2000, the Clay Mathematics Institute (CMI) identified
seven mathematical problems that remained unsolved.
Anyone who provides a rigorous proof for any of these
problems will be awarded a prize of one million dollars.

The Problems
Among the seven Millennium Prize Problems, six remain
unresolved to date. Notably, a complete and rigorous proof
of the Navier-Stokes equation is one of the seven Millennium
Prize Problems.

Navier-Stokes Equation

There is no proof for the most basic questions one can ask:
do solutions exist, and are they unique?

14/17 Yusuf Olatunji Tijani Department of Mathematics, Rhodes University

Open Problem in Fluid Dynamics

14/17 Yusuf Olatunji Tijani Department of Mathematics, Rhodes University



Automotive

Aerospace

Meteorology

Environmental
Engineering

Research and
Teaching

Manufacturing
Industry

Design and simulations
of vehicle

performance and
efficiency

Design and optimization
of aircraft and

spacecraft

Modelling weather
pattern and climate

Managing water
supplies or

maintaining health

Teaching and
research advancing
of fluid dynamics

Improvement in
products and

design

In all these opportunities, the ability to conceptualize
a problem, model it, and provide a solution is crucial.
These are key attributes of a mathematician.
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Machine Learning /
Artificial Intelligence Group Theory

FLUID DYNAMICS

Topology Relativity/Cosmology
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Everything flows, even themountains will flow...if you
wait long enough!

-Markus Reiner
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