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• determine the pressure at various locations in a fluid at rest.

• explain the concept of manometers and apply appropriate equations to determine pressures.

• calculate the hydrostatic pressure force on a plane or curved submerged surface.

• calculate the buoyant force and discuss the stability of floating or submerged objects.

FLUID STATICS



Pressure at a Point

How the pressure at a point varies with the orientation of the 

plane passing through the point.

To answer this question, we consider 

the free-body diagram, that was 

obtained by removing a small 

triangular wedge of fluid from some 

arbitrary location within a fluid mass.



Pressure at a Point



Pressure at a Point



Pressure at a Point



Forces on an arbitrary wedge-shaped element of fluid

Pressure at a Point



Average pressures on the faces: 𝑝𝑠, 𝑝𝑦, and 𝑝𝑧
Fluid specific weight: 𝛾
Fluid density: 𝜌
Accelerations: 𝑎𝑦, 𝑎𝑧

The equations of motion (Newton’s second law, 𝐹 = 𝑚𝑎) in the 

y and z directions:

Pressure at a Point



Since we are really interested in what is 

happening at a point, we take the limit 

as 𝛿𝑥, 𝛿𝑦, and 𝛿𝑧 approach zero

The pressure at a point in a fluid at 

rest, or in motion, is independent of 

direction as long as there are no 

shearing stresses present.
Pascal’s law

Pressure at a Point



Basic Equation for Pressure Field

How does the pressure in a fluid in which there

are no shearing stresses vary from point to point?

There are two types of forces acting on this element: 

surface forces due to the pressure, and 

a body force equal to the weight of the element.



There are two types of forces acting on this element: 

surface forces due to the pressure, and 

a body force equal to the weight of the element.

The resultant surface force in the y direction

Basic Equation for Pressure Field



resultant surface forces

The resultant surface force acting on the 

element can be expressed in vector form as

Basic Equation for Pressure Field



resultant surface force per

unit volume

Basic Equation for Pressure Field



resultant surface force per

unit volume

z axis is vertical, 

the weight of the element

Newton’s second law, applied to the fluid element

Basic Equation for Pressure Field



general equation of motion for a fluid in 

which there are no shearing stresses

Pressure Variation in a 
Fluid at Rest 

pressure does not 

depend on x or y as we move from point to point in a 

horizontal plane (any plane parallel to the 

x–y plane), the pressure does not change



Pressure Variation in a Fluid at Rest 

Since p depends only on z, 

equation can be written as the 

ordinary differential equation

pressure decreases as we move 

upward in a fluid at rest



This type of pressure distribution is commonly called hydrostatic distribution.

in an incompressible fluid at rest the pressure varies linearly with depth

Pressure Variation in a Fluid at Rest – Incompressible Fluid 



Pressure Variation in a Fluid at Rest – Incompressible Fluid
PRESSURE HEAD

h is called the pressure head and 

is interpreted as the height of a 

column of fluid of specific 

weight 𝛾 required to give a 

pressure difference 𝑝1 − 𝑝2. 

Pressure difference 10 psi
Express as pressure head:



Pressure Variation in a Fluid at Rest – Incompressible Fluid
PRESSURE HEAD



Pressure Variation in a Fluid at Rest – Incompressible Fluid
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Pressure Variation in a Fluid at Rest – Incompressible Fluid
PRESSURE HEAD



FLUID STATICS - Pressure Variation in a Fluid at Rest
Incompressible Fluid

atmospheric pressure
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FLUID STATICS - Pressure Variation in a Fluid at Rest
Incompressible Fluid
Transmission of Fluid Pressure

p acting on the faces of both 

pistons is the same



FLUID STATICS - Pressure Variation in a Fluid at Rest
Incompressible Fluid
Transmission of Fluid Pressure



FLUID STATICS - Pressure Variation in a Fluid at Rest
Compressible Fluid

Gases such are compressible fluids since the density of the gas can change significantly with 
changes in pressure & temperature.



FLUID STATICS - Pressure Variation in a Fluid at Rest
Compressible Fluid

Ideal gas law
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Compressible Fluid
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Compressible Fluid



FLUID STATICS – Measurement of Pressure
Absolute Pressure & Gage Pressure

Absolute pressure is 
measured relative to a 
perfect vacuum 
(absolute zero pressure)

Gage pressure is measured relative 
to the local atmospheric pressure. 
Thus a gage pressure of zero 
corresponds to a pressure that is 
equal to the local atmosperic 
pressure
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