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• Fluid Statics: Study of fluids with no relative motion between fluid 
particles.
• No shearing stress (no velocity gradients)
• Only normal stress exists (pressure) 

Introduction
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• Pressure is an infinitesimal normal compressive force divided by the 
infinitesimal area over which it acts.

• From Newton’s Second Law (for x- and y-directions):

Pressure At a Point

As the element goes to a point (Δx, Δy à0)
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• Pressure in a fluid is constant at a point.

• Pressure is a scalar function.

• It acts equally in all directions at a point for 
both static and dynamic fluids. 

Pressure At a Point
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Pressure Variation

• Using Newton’s Second Law, pressures at each 
of the sides: 

• The pressure differential in any direction would 
be: 

• The pressure at a face that is !
"
𝑑𝑥 from the 

center is:
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Pressure

• The pressure differential (from the previous slide) is:

• At rest, there is no acceleration (a = 0):

No pressure variation in the x- and y-directions (horizontal plane). Pressure 
varies in the z-direction only (dp is negative if dz is positive).

Pressure decreases as we move up and increases as we move down.
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Pressure

• At a distance h below a free surface, the pressure is:

p = 0 at h = 0.

Pressure in Liquids at Rest 
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Pressure

• The equation above shows that pressure varies with elevation (z).

Pressure in the Atmosphere 
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Pressure
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Pressure
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Manometer
Manometers

• Manometers are instruments that use columns of liquid to measure 
pressures.

• Center: Large pressures can be measured using a liquid with large γ2. 
• Right: Very small pressures can be measured as small pressure changes in 

p1, leading to a relatively large deflection H.
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Manometer
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Manometer
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Hydrostatic force on plane surface

• The total force of a liquid on a plane surface is:

Forces on Plane Areas

• After knowing the equation for pressure (P = γh):
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Hydrostatic force on plane surface
Forces on Plane Areas

!ℎ: Vertical distance from the free surface to the centroid of the area
pC: Pressure at the centroid
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Hydrostatic force on plane surface

• The center of pressure is the point where the resultant force acts:
• Sum of moments of all infinitesimal pressure forces on an area, A, equals the 

moment of the resultant force.
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Hydrostatic force on plane surface

!𝑦: Measured parallel to the plane area to the free surface
• The moments of area can be found using:
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Hydrostatic force on plane surface
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Hydrostatic force on plane surface
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Hydrostatic force on curve surface

• Direct integration cannot find the force due to the hydrostatic pressure on a 
curved surface.

• A free-body diagram containing the curved surface and surrounding liquid 
needs to be identified.

Forces on Curved Surfaces
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Hydrostatic force on curve surface
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Hydrostatic force on curve surface
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Hydrostatic force on curve surface
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Bouyancy

• Buoyancy force on an object equals the weight of displaced liquid.

Buoyancy (Archimedes’ principle)

V is the volume of displaced fluid and W is the 
weight of the floating object.
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Bouyancy
Buoyancy (Archimedes’ principle)

• The buoyant force acts through the centroid of the displaced liquid volume.

• An application of this would be a hydrometer that is used to measure the 
specific gravity of liquids.

• For pure water, this is 1.0
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Bouyancy
Buoyancy (Hydrometers)

• The displaced height, h, can be found as shown in the above equation.
• A: Cross-sectional area of the stem
• 𝑆! =

"!
""#$%&

• For a given hydrometer, V and A are fixed.
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Bouyancy
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Stability
Stability

• In (a) the center of gravity of the body is 
above the centroid C (center of 
buoyancy), so a small angular rotation 
leads to a moment that increases 
rotation: unstable.

• (b) shows neutral stability as the center 
of gravity and the centroid coincide.

• In (c), as the center of gravity is below 
the centroid, a small angular rotation 
provides a restoring moment and the 
body is stable.
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Stability
Stability

• The metacentric height 𝑮𝑴 is the 
distance from G to the point of 
intersection of the buoyant force before 
rotation with the buoyant force after 
rotation.

• If 𝑮𝑴 is positive: Stable
• If 𝑮𝑴 is negative: Unstable
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Stability
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Linearly Accelerating Containers

• The pressure differential equation

• When the fluid is at rest relative to a reference frame 
that is linearly accelerating with horizontal (ax) and 
vertical (az) components:

• As points 1 and 2 lie on a constant-pressure line:

Where α is the angle that the constant-pressure line makes 
with the horizontal.
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Linearly Accelerating Containers
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Rotating Containers

• For a liquid in a rotating container (cross-section shown):

• In a short time, the liquid reaches 
static equilibrium with respect to 
the container and the rotating rz-
reference frame.

• Horizontal rotation will not affect 
the pressure distribution in the 
vertical direction.

• No variation in pressure with 
respect to the θ-coordinate.
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Rotating Containers
• Between two points (r1,z1) and 

(r2,z2) on a rotating container, the 
static pressure variation is:

• If two points are on a constant-pressure surface (e.g., free surface) with point 1 
on the z-axis [r1 = 0]:

• The free surface is a paraboloid of revolution.
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Rotating Containers
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Summary

• Pressure variation in the vertical (z-direction) in a constant density fluid is:

• The force on a plane would be:

Where !ℎ is the vertical distance to 
the centroid of the area

• The force is located a distance from the free-surface to the center of pressure:

Where ̅𝐼 is the centroidal axis
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Summary

• In a container rotating with angular velocity, ω, a constant-pressure surface is: 

Point 1 is on the axis of rotation and 
point 2 is on the constant-pressure 

surface


