
Chapter 2: Fluid Statics

➢ Fluid statics is the branch of fluid mechanics that primarily studies fluids at rest.

Introduction:

➢ The study of the properties of fluids at rest constitutes fluid statics.

Concept of pressure:
Surface

Ԧ𝐹

The pressure exerted by a force F acting perpendicularly on a surface S 

is given by: 𝑃 =
𝐹

𝑆

The unit of pressure in (SI) is the Pascal (Pas): 1 𝑃𝑎𝑠 = 1 𝑁/𝑚2

We also use: ➢ The Hectopascal (hPa): 1 ℎ𝑃𝑎𝑠 = 100 𝑃𝑎𝑠 ➢ The bar: 1 𝑏𝑎𝑟 = 105 𝑃𝑎𝑠

➢ The atmosphere (Atmospheric pressure) : 1 𝑎𝑡𝑚 = 101325 𝑃𝑎𝑠

➢ Cm of water: 1 𝐶𝑚 𝐻2𝑂 = 98.04 𝑃𝑎𝑠 ➢ Cm of mercury: 1 𝐶𝑚 𝐻𝑔 = 133.3 𝑃𝑎𝑠

In general, if we consider a surface element 𝑑𝑆 and the force 𝑑𝐹 that is normally exerted at the 

surface, given the isotropy of the force, the pressure is given by:

𝑃 =
𝑑𝐹

𝑑𝑆



𝑑𝑥

𝑑𝑦

𝑑𝑧

The basic principle of fluid statics:

➢ Consider the two faces ABFE and CGHD perpendicular to 𝑂𝑧.

➢ Let be an elementary volume 𝑑𝑉 = 𝑑𝑥. 𝑑𝑦. 𝑑𝑧 within a fluid whose faces are 

defined parallel to the axes (𝑂𝑥, 𝑂𝑦, 𝑂𝑧).
𝑴𝟐

𝑃2 = 𝑃 𝑧 + 𝑑𝑧 /𝑑𝑥𝑑𝑦

𝑴𝟏

𝑃1 = 𝑃 𝑧 /𝑑𝑥𝑑𝑦

𝑨 𝑩

𝑭𝑬

𝑪

𝑮𝑯

𝑫

➢ The pressing forces exerted on the two sides considered are:

Pressure 𝑷𝟏 : 𝑑 Ԧ𝐹1 = 𝑃1 𝑑𝑥𝑑𝑦𝑘 ;  Pressure 𝑷𝟐 : 𝑑𝐹2 = −𝑃2 𝑑𝑥𝑑𝑦𝑘

The resulting force is: 𝑑 Ԧ𝐹𝑧 = 𝑑 Ԧ𝐹1 + 𝑑 Ԧ𝐹2 = 𝑃1 − 𝑃2 𝑑𝑥𝑑𝑦𝑘

The variation of the pressure along the Oz axis can be written:
𝜕𝑃

𝜕𝑧
=

𝑃2 − 𝑃1

𝑑𝑧

⟹ 𝑃1 − 𝑃2 = −
𝜕𝑃

𝜕𝑧
𝑑𝑧 ⟹ 𝑑 Ԧ𝐹𝑧 = −

𝜕𝑃

𝜕𝑧
𝑑𝑥𝑑𝑦𝑑𝑧𝑘 ⟹ 𝑑 Ԧ𝐹𝑧 = −

𝜕𝑃

𝜕𝑧
𝑑𝑉𝑘

In the same way, we find: 𝑑 Ԧ𝐹𝑥 = −
𝜕𝑃

𝜕𝑥
𝑑𝑉Ԧ𝑖 and 𝑑 Ԧ𝐹𝑦 = −

𝜕𝑃

𝜕𝑦
𝑑𝑉Ԧ𝑗

Therefore: 𝑑 Ԧ𝐹 = 𝑑 Ԧ𝐹𝑥 + 𝑑 Ԧ𝐹𝑦 + 𝑑 Ԧ𝐹𝑧 = −
𝜕𝑃

𝜕𝑥
Ԧ𝑖 +

𝜕𝑃

𝜕𝑦
Ԧ𝑗 +

𝜕𝑃

𝜕𝑧
𝑘 𝑑𝑉 ⟹ 𝒅𝑭 = −𝒈𝒓𝒂𝒅𝑷. 𝒅𝑽



Equilibrium within a fluid

In addition to the pressure forces acting on the fluid element, there is also the force of the weight of the fluid 

element itself:

𝑑𝑤 = 𝑑𝑚 Ԧ𝑔 = 𝜌𝑑𝑉 Ԧ𝑔

For the fluid in equilibrium, we have:

෍ Ԧ𝐹 = 0 ⟹ 𝑑 Ԧ𝐹 + 𝑑𝑤 = 0 ⟹ −𝑔𝑟𝑎𝑑𝑃. 𝑑𝑉 + 𝜌𝑑𝑉 Ԧ𝑔 = 0 ⟹ 𝑔𝑟𝑎𝑑𝑃 = 𝜌 Ԧ𝑔

⟹
𝜕𝑃

𝜕𝑥
Ԧ𝑖 +

𝜕𝑃

𝜕𝑦
Ԧ𝑗 +

𝜕𝑃

𝜕𝑧
𝑘 = −𝜌𝑔𝑘 ⟹

𝜕𝑃

𝜕𝑧
𝑘 = −𝜌𝑔𝑘

The pressure increases with height and depends only on z : 𝑃 = 𝑃(𝑧)

⟹
𝜕𝑃

𝜕𝑥
=

𝜕𝑃

𝜕𝑦
= 0

⟹ 𝑑𝑃 = −𝜌𝑔𝑑𝑧

Ԧ𝑔
𝑔𝑟𝑎𝑑𝑃

𝑥

𝑦

𝑧 𝑃 = 𝑐𝑡𝑒



Case of incompressible fluids:

Fundamental principle of hydrostatics:

To obtain the pressure difference between two points 𝑀1 at height 𝑍1 and 𝑀2 

at height 𝑍2 , just integer the expression: 𝑑𝑃 = −𝜌𝑔𝑑𝑧

⟹ න
𝑃1

𝑃2

𝑑𝑃 = −𝜌𝑔 න
𝑍1

𝑍2

𝑑𝑧 ⟹ 𝑃2 − 𝑃1 = −𝜌𝑔 𝑍2 − 𝑍1

⟹ ∆𝑃 = −𝜌𝑔ℎ

𝑀1(𝑍1)

𝑀2(𝑍2)
𝑃 = 𝑃2

𝑃 = 𝑃1

ℎ

With:

▪ 𝜌 is the mass density of the fluid in (𝑘𝑔/𝑚3) 

▪ ℎ = 𝑍2 − 𝑍1 is the difference in level between the two points 𝑀1 and 𝑀2 in (m) 

▪ 𝑔 is the acceleration of gravity (9,81 𝑁/𝑘𝑔) 

▪ ∆𝑃 = 𝑃2 − 𝑃1 is the pressure difference in (Pa) 



In an incompressible fluid in equilibrium, any change in pressure at one point causes the same change in pressure at 

any other point (the change in pressure is transmitted in full to all other points in the liquid).

Pascal's theorem:

Pressure transmission in liquids:

The theorem of Pascal is stated as follows:

Application: Principle of hydraulic press:

In this case, a considerable force is produced from a relatively small force by constructing

the surface of one piston (at the outlet) wider than that of the other (at the inlet).

Let us consider the schematic diagram of a hydraulic press:

1 2
𝑆1

𝑃1

𝑆2

𝑃2

𝑭𝟏 = 𝑷𝟏𝑺𝟏

𝑭𝟐 = 𝑷𝟐𝑺𝟐

When the two pistons 1 and 2 are on the same level, we have: 𝑃1 = 𝑃2

⟹
𝐹1

𝑆1
=

𝐹2

𝑆2

⟹
𝐹2

𝐹1
=

𝑆2

𝑆1

So if:    𝑺𝟐 ≫ 𝑺𝟏 ⟹ 𝑭𝟐 ≫ 𝑭𝟏



The principle of car braking:



Equilibrium of two immiscible fluids:

➢ A U-shaped tube filled with a liquid of density 𝜌𝐵 , if in one of the branches

another liquid immiscible to the first and of density 𝜌𝐴  is poured, a

difference in level ℎ = ℎ𝐴 − ℎ𝐵 is observed between the two liquids.

➢ According to Pascal's principle, it is possible to write the following equations:

and since ℎ𝐷 = ℎ𝐶(same horizontal plane of the same fluid) ⟹ 𝜌𝐵𝑔 ℎ𝐵 − ℎ𝐶 = 𝜌𝐴𝑔 ℎ𝐴 − ℎ𝐶

𝑃𝐷 = 𝑃𝑎𝑡𝑚 + 𝜌𝐵𝑔 ℎ𝐵 − ℎ𝐷

𝑃𝐶 = 𝑃𝑎𝑡𝑚 + 𝜌𝐴𝑔 ℎ𝐴 − ℎ𝐶

⟹ 𝑃𝑎𝑡𝑚 + 𝜌𝐵𝑔 ℎ𝐵 − ℎ𝐷 = 𝑃𝑎𝑡𝑚 + 𝜌𝐴𝑔 ℎ𝐴 − ℎ𝐶

⟹ 𝜌𝐵 = 𝜌𝐴

ℎ𝐴 − ℎ𝐶

ℎ𝐵 − ℎ𝐶

➢ Simply measuring the heights of the two fluids can determine the density of a fluid. 

➢ This concept is also used for pressure control with liquid column pressure gauges or differential pressure gauges.

➢ The two free surfaces are at atmospheric pressure.



Archimedes' principle: Let be a cylinder of length L and cross-section S, immersed in a fluid of density ρ in the Earth's 
gravity field,

❑ Radial pressure forces exerted on the vertical wall that are opposite and cancel 
each other two by two (F and F')

❑ A normal vertical force exerted on the lower surface S, directed upwards and of 
intensity 𝐹2 = 𝑃2. 𝑆. 

❑ A normal vertical force exerted on the upper surface S, directed upwards and of 
intensity 𝐹1 = 𝑃1. 𝑆

𝒁

𝐹1

𝐹2

𝐹 𝐹′

ℎ1

ℎ2

S

Fluid density ρ

By definition, Archimedes' thrust is the result of all these forces:

෍ Ԧ𝐹𝑒𝑥𝑡 = Ԧ𝐹1 + Ԧ𝐹2 = −𝑃1. 𝑆𝑘 + 𝑃2. 𝑆𝑘 = 𝑃2 − 𝑃1 𝑆𝑘

ℎ1 − ℎ2  is the height of the cylinder, so: ℎ1 − ℎ2 𝑆 = 𝑉𝑐𝑦𝑙 = 𝑉𝑖𝑚𝑚𝑒𝑟𝑠𝑒𝑑: ⟹ ෍ Ԧ𝐹𝑒𝑥𝑡 = 𝜌𝑓𝑙𝑢𝑖𝑉𝑖𝑚𝑚𝑔𝑘 = −𝑤𝑑𝑒𝑝𝑙𝑎𝑐𝑒𝑑 𝑓𝑙𝑢𝑖𝑑

This cylinder is subjected to several forces:

= ∆𝑃. 𝑆𝑘 = −𝜌𝑓𝑙𝑢𝑖𝑑𝑔∆ℎ𝑆𝑘 = −𝜌𝑓𝑙𝑢𝑖𝑑𝑔 ℎ2 − ℎ1 𝑆𝑘= 𝜌𝑓𝑙𝑢𝑖𝑑𝑔 ℎ1 − ℎ2 𝑆𝑘



A cork is held at the bottom of a container filled with water. It is then released. 
1) What will the cork do? 
2) We study the cork system. The latter is subject to two forces. Which? You will give their name and characteristics.
3) The cork has a volume of 0.250 dm3, the density of cork is 0,2 kg.L-1 and that of water is 1 kg. L-1 . Remember that 

1 L = 1 dm3. 
    a) Calculate the mass of the cork.
    b) Deduct its weight. We remind that g = 9,81 N.kg-1.
    c) Calculate the magnitude of Archimedes' thrust(force). 
    d) Represents, on a diagram, a cork in the water and the two forces experienced by the plug. We will take 1 cm for 
0.5 N as a scale.
4) Are the values found for the intensity of each force in agreement with the answer to question 1?

Exercise 1: cork stopper (bouchon en liège). 

Archimedes' principle is a force that directed in the opposite direction of the gravity field and is announced as follows:

"Any body that is totally immersed in a fluid is subjected to a downward force equal to the weight of the 

fluid displaced, i.e. corresponding to the volume of the immersed body."



Gas statics is a branch of fluid mechanics that studies gases at rest, i.e. in the absence of macroscopic motion. It is
interested in the properties of gases, such as pressure, temperature, density, and their distribution in an equilibrium
system.

Gas Static:

1. Pressure in a gas: is a force exerted by the gas per unit area. It is due to the collisions of the gas molecules against the walls 
of the container.

The pressure is uniform in a gas at rest (in the absence of external forces such as gravity).
2. Law of ideal gases:

An ideal gas is a thermodynamic model to describe the behavior of a gas that performs few collisions between the 
molecules of the gas and has a weak electrical interaction between the molecules of the gas Molar mass.

For an ideal gas, the relationship between pressure P, volume V, temperature T and quantity of matter n is given by:

𝑃𝑉 = 𝑛𝑅𝑇

P : pressure (in Pascals, Pa),

V : volume (in cubic metres), m³),

n : amount of substance (in moles)(𝑛 =
𝑚

𝑀
=

𝑚𝑎𝑠𝑠

𝑀𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠
)

R : Ideal Gas Constant (R=8,314 SI),

T : Absolute temperature (in Kelvins, K).

where:



In the presence of gravity, the pressure in a gas varies with altitude. This variation is described by the law of 
hydrostatic equilibrium:

𝑑𝑃 = −𝜌 𝑧 𝑔𝑑𝑧 ⟹
𝑑𝑃

𝑑𝑧
= −𝜌 𝑧 𝑔

𝑃𝑉 = 𝑛𝑅𝑇 =
𝑚

𝑀
𝑅𝑇 ⟹

𝑃𝑀

𝑅𝑇
=

𝑚

𝑉
= 𝜌(𝑧)We have: 

⟹
𝑑𝑃

𝑑𝑧
= −

𝑃𝑀

𝑅𝑇
𝑔 ⟹

𝑑𝑃

𝑃
= −

𝑀𝑔

𝑅𝑇
𝑑𝑧 ⟹ න

𝑃0

𝑃 𝑑𝑃

𝑃
= −

𝑀𝑔

𝑅𝑇
න

0

𝑧

𝑑𝑧 ⟹ ln
𝑃

𝑃0
= −

𝑀𝑔

𝑅𝑇
𝑧

⟹ 𝑷 = 𝑷𝟎𝒆−
𝑴𝒈
𝑹𝑻 𝒛 = 𝑷𝟎𝒆−

𝒛
𝑯

où :
𝑃0 : pressure at reference altitude (often at ground level),

𝐻 : Height Scale (𝐻 = 𝑅𝑇/𝑀𝑔, where M is the molar mass of the gas).



is a fundamental law of thermodynamics that describes the behavior of ideal gases during an isothermal transformation 
(i.e. at a constant temperature).

Mariotte's Law (or Boyle-Mariotte's Law)

It relates the pressure P and the volume V of an ideal gas.

For a given quantity of ideal gas at a constant temperature, the product of the pressure P and the volume V remains constant.

Statement of Mariotte's Law

Mathematically, this is expressed by: 𝑃𝑉 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

or again: 𝑃1𝑉1 = 𝑃2𝑉2

𝑃1 and 𝑉1 are the initial pressure and volume,

𝑃2 and 𝑉2 are the pressure and the final volume.
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