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Fluid mechanics - Review

-Motivation

-o0Mme Important concepts
A)equation of motion

B) Rheology

C)Navier Stokes equation




T

Nis chapter has focused on momentu

o

ological systems, fluid flow p

ays a Cr

T

Oorgans, d process known as convection.

Before exam
understand the carrier medium itself: the flc
focusing on how fluids flow and their velocity profiles
fluid properties.

v - —
S —

tro
UCI

al

ole

Nster
IN t

id. In Cha

N Sl

AN

mpler terms, how fluids flow. In
sporting materials between cells and

Y ey

—

/\_L__

:_Z—‘;
N

iNing convection and its impact on particle transport in detail, we need to
oter 3, we will explore fluid mechanics,
under various forces, all influenced by




Examples of Fluid Mechanics Applications Across Engineering Fields




A) Equation of motion

An Intuitive (and not necessarily complete) introduction to Fluid Mechanics:

Let’s start with what we know from classic Newtonian mechanics—Physics 101:

Newton’s second law for a point like particle:

we are dealing with continuous systems, it means they consists of @

arge number of point like particles, let’s try to rewrite this for a volume of
fluid:




Newton'’s second law but for a cubic element of fluid:
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This net force can come from different sources, we will discuss the main sources in @
typical fluid.



To make math more simple, let’s consider the cartesian coordinate, and only let's consider
the forces in the x direction.

Force #1: Gravitational force on the cubic element in the x direction:




Force #2: The force that is due to pressure difference in the x direction:
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Force #3: The force that is due to shear stress.

What is a shear stress? Shear stress arises in a fluid when there are changes in velocity
aCross space, creating a velocity gradient. When the fluid velocity varies from one layer to
another (for example, faster flow at the center and slower near the edges), and the fluid
has viscosity (internal friction), these differences in speed create internal frictional forces.
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Force #3: The force that is due to shear stress.

The shear force Tau (T) is can act on any of the face directions of the cube (x,y,z), and it
can be at any direction (Xx,y,z).
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questions?



Force #3: The force that is due to shear stress.

Now let's continue with finding the shear stress forces on the element in the x directions,
they can be exerted on any face directions.
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Now we can put all the forces in x direction (#1, #2, and #3 ) together.
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B) Rheology

But Equation of motion is not complete and solvable on its own. What does it mean? It
means we cannot solve it to find the velocity over time, because we have no idea what
shear stress tensor (T) is.

But we mentioned that the shear stress tensor (T) itself should be related to the velocity

variation is space, therefore it is a function of velocity, T(v). But how is this dependency?
Rheology Experiments: these experiments connect shear stress to strain rates (velocity changes)

Rheology
Equipment:

mechanism: results: Specific case:
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More precisely, for a newtonian fluid, the shear stress tensor and velocity are connected like bellow:

Table 3.4-4 Components of the stress tensor for Newtonian fluids in rectangular
Cartesian coordinates
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Now if we substitute these into our equation of motion, we will get rid of shear stress and will find an
equation that is only for velocities, called Navier-Stokes equation




C) Navier-Stokes equation

for Newtonian
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