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`INTRODUCTION TO FLUIDS 

Fluid is a substance where molecules are free move over each other and the fluid body can be 

continuously deformed. For instance, if we apply a stress (pressure) on a solid, it will create a well-

defined deformation (strain). If we apply the same stress to a fluid, it will create continuous 

deformation, which means a flow. To summarize, stress is creating strain for solids while stress is 

creating flow on fluids. This difference will change the equations of behavior of fluid body.  

1. Fluid properties 

• Molecular organization 

Molecules in a solid are well organized and fixed to each other. Molecules in a fluid are not and 

can pass over each other, for instance in gas and liquids. 

Liquid are not organized as solid but a liquid body has a chaotic organization, meaning the fluids 

particles have overall the same distance between each other, making liquid difficult to compress 

and thus its density is not changing. 

Gas are not organized at all and the distance between two molecules can grandly change, making 

the gas easy to compress and thus its density can change. 

• Density 

Density is easily defined for solid as: 

𝜌 =
𝑚

𝑉
 

Where m is the mass of the body and V the volume of the body. Both are well defined for solids 

and can be easily measured.  

Because fluids don’t have structured molecular organization, we don’t have a fixed and delimited 

volume V. For fluids, all properties are averaged to the mesoscopic scale. 

Definition 

The mesoscopic scale is an intermediate scale described between the atoms scale and the 

micrometer (macroscopic) scale. By using a scale large enough, we can assume quantum 

mechanics effects to be negligible and by using a scale small enough, we can capture with accuracy 

the spatial variation of the fluid object properties. 

Theorem – Continuum assumption 

On a mesoscopic scale, fluid can be treated as continuum and all its properties are uniform. 

Application of the theorem – Density variations 
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Figure 1 is illustrating how to continuum assumption is creating relevant conditions for density 

calculation. On the atom scale, the mass of atoms inside a volume is fluctuating a lot because of 

atoms motion and thus we are creating large uncertainties (in purple) as well as fluctuation of 

density. If the scale is too large, there will be some spatial variation of the bulk materials that will 

be averaged and thus not seen. 

 

Figure 1 - Illustration of the continuum assumption for density calculation 

Definition – Viscosity 

Viscosity is a measure a fluid resistance to gradual deformation by shear stress. For fluids, we can 

talk about thickness. It is expressed in kg/m.s or Pa.s. 

For gas, it is a common assumption to neglect viscosity because it has usually smaller values. 

2. Pressure variations in a fluid 

Pressure is not uniform in a fluid at rest. Pressure variations are governed by the following 

equation: 

𝑑𝑃 = −𝜌𝑔𝑑𝑧 

With ascendant z axis, in a fluid at rest. 

Explanation 
This is a first order spatial linear differential equation in P and z, local equation (not integral). 

Variables of integrations are P and z, all other parameters should be constants or express in 

function of P and z. The minus sign says that an increases of altitude results in a decrease of 

pressure. 
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Example of use 
For gas that are compressible, we need to do the integration each time. 

∫ 𝑑𝑃
𝑃2

𝑃11

= −∫ 𝜌(𝑧, 𝑃)𝑔𝑑𝑧
𝑧2

𝑧1

 

 

For liquid, such as oil, water, density is considered to be constant (incompressible) so that: 

𝑃2 − 𝑃1 = −𝜌𝑔(𝑧2 − 𝑧1) 

or 
𝑃𝑏𝑜𝑡𝑡𝑜𝑚 = 𝑃𝑡𝑜𝑝 + 𝜌𝑔ℎ 

Proof of the equation 

 

Let’s take a small volume dx*dy*dz of fluid in a gravity field. 

Our Cartesian system of coordinates is defined with the z-axis 

ascendant.   

We can perform Newton second law on this infinitesimal 

cube. 

𝑚�⃗� = Σ�⃗� 

At rest, there is no acceleration and forces are only gravity force and pressure force. We can project 

the equation on the z axis: 

0 = −𝑚𝑔 − 𝑃(𝑧 + 𝑑𝑧)𝑑𝐴 + 𝑃(𝑧)𝑑𝐴 

Because of continuum assumption, the density is uniform inside the small volume and the mass is 

equal to density * volume. 

0 = −𝜌𝑑𝐴𝑑𝑧𝑔 − (𝑃(𝑧 + 𝑑𝑧) − 𝑃(𝑧))𝑑𝐴 

𝑃(𝑧 + 𝑑𝑧) − 𝑃(𝑧) = −𝜌(𝑧)𝑔𝑑𝑧 

𝑑𝑃 = −𝜌𝑔𝑑𝑧 

 

 

 

 

 

 

dz 

z 

z+dz 



CE 3305 – Fluid mechanic by Alexandre Martinez 

3. Governing equations of fluid 

The governing equation of fluid is the Navier Stocks equation. They come from mass conservation 

and Newton second law. 

𝜕

𝜕𝑡
(𝜌�⃗⃗⃗�) + �⃗⃗⃗� ⋅ ∇�⃗⃗⃗� = −

1

ρ
�⃗⃗⃗�(𝑝 − 𝜉�⃗⃗⃗� ⋅ �⃗⃗⃗�) +

𝜇

𝜌
�⃗⃗⃗� ⋅ 𝛁(�⃗⃗⃗�) +

1

3

𝜇

𝜌
∇(�⃗⃗⃗� ⋅ �⃗⃗⃗�) + �⃗⃗⃗� 

𝜕𝜌

𝜕𝑡
+ ∇ ⋅ (𝜌�⃗⃗⃗�) = 0 

Which is impossible to solve analytically (because it is non-linear) and difficult (even impossible 

sometimes) to solve numerically under this general form. We will use a lot of assumptions in order 

to simplify the equation and be able to solve it analytically. 

Assumptions for hydrostatic equation 

For instance, if we assume no flow, we can get the hydrostatic equation: 

�⃗⃗⃗� = �⃗⃗⃗� 

�⃗⃗⃗� = −
1

𝜌
�⃗⃗⃗�𝑝 + �⃗⃗⃗� 

In one dimension, projected on the z axis (Cartesian coordinates): 

0 = −
1

𝜌

𝑑𝑝

𝑑𝑧
− 𝑔 

𝑑𝑝 = −𝜌𝑔𝑑𝑧 

Assumption for shear flow, 1 dimensional 

Later in the semester, we will study one case where analytical solution is possible. It is call shear 

flow and the assumptions are: 

Assumptions Impact on the equation 

Steady flow 

𝜕

𝜕𝑡
(𝜌�⃗⃗⃗�) = �⃗⃗⃗� 

∂ρ

∂t
= 0 

Incompressible flow �⃗⃗⃗� ⋅ (𝜌�⃗⃗⃗�) = 𝜌�⃗⃗⃗� ⋅ �⃗⃗⃗� = 0 

Flow geometry assumptions (horizontal, 1D) �⃗⃗⃗� ⋅ ∇�⃗⃗⃗� = �⃗⃗⃗� 

 The equation will then be reduced to: 

�⃗⃗⃗� = −
1

ρ
�⃗⃗⃗�(𝑝) +

𝜇

𝜌
�⃗⃗⃗� ⋅ 𝛁(�⃗⃗⃗�) 

𝛁𝟐⃗⃗ ⃗⃗ ⃗𝒖 =
1

𝜇
�⃗⃗⃗�𝑝 

𝑑2𝑢

𝑑𝑦2
=
1

𝜇

𝑑𝑝

𝑑𝑧
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FLUID STATIC 

Static of fluid is the characterization of a system of {fluid + solid} at rest. In this chapter, we will 

study simple engineering system to measure pressure, fluid/structure… 

1. Manometer equation 

The manometer equation in a form of the hydrostatic equation used when there is a series of 

incompressible fluids (e.g. liquids).  

Example of use 
 

 

2. Pascal theorem 

Pascal’s theorem states that pressure is the same in all direction at any point in a fluid at rest. One 

direct consequence is that pressure forces are orthogonal to the surface on which it is applied even 

if the pressure is the same in all directions.  

Example of use: Force transduction 
 

 

3. Buoyancy 

Definition 

Buoyancy (Archimede force) is a force exerted by a fluid on a solid (or non-miscible fluid 

element), directed upward and that opposes the weight of the solid such as: 

F_B=ρ_f V_im g 

Where ρ_f is the fluid density and V_im is the volume of the object immerged in the fluid. 

Explanation 

The buoyancy force is the result of pressure forces exerted by the fluid on the object 

Proof 

 

 

4. Applications 

Solid in an unknown fluid. 
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Application 

 Unknown density fluid 

 Balloon 

 Stability analysis 
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