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Significant learning outcomes 

Conceptual Knowledge 
 Describe pressure and pressure distribution. 

 Describe gage, absolute, and vacuum pressure. 

 List the steps used to derive the hydrostatic differential equation. 

Procedural Knowledge 
 Apply the hydrostatic equation and the manometer equations to predict 

pressure. 

 Apply the panel equations to predict forces and moments. 

 Apply the buoyancy equation to predict forces. 

Applications (typical) 
 For applications involving the atmosphere, the ocean, manometers, and 

hydraulic machines, find pressure values and distributions. 

 For structures and components subjected to hydrostatic loading, find 

forces and moments. 
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3.1 Pressure 

• A normal force exerted by a fluid per unit area is called 
fluid pressure. 

 

 

 

• Units 

1 Pa = 1 N/m2 

1 bar = 105 Pa = 100 kPa 

1 atm= 101.325 kPa= 1.01325 bar 

1 kgf/cm2= 9.807 N/cm2=98.07 kPa=0.9807 bar 
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Absolute pressure, gage pressure and 

vacuum pressure 
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Hydraulic machines 

Pascal’s law: Pressure applied to an enclosed and continuous 
body of fluid is transmitted undiminished to every portion of 
that fluid and to the walls of the containing vessel. 
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3.2 Pressure variation with elevation 

Hydrostatic 
differential 
equation 
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Hydrostatic equation 
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Barometer: an instrument to measure 
atmospheric pressure 

3.3 Pressure measurements 

Bourdon-Tube gage: an instrument to 
measure pressure by sensing the 
deflection of a coiled tube. 

hphp HgHgvHgatm   ,
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Piezometer: a vertical tube in which a liquid 
rises in response to a positive gage pressure. 

Manometer: a U shaped tube to 
measure pressure by the column of a 
liquid. 
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Pressure transducer: a device that converts 
pressure to an electrical signal. 
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3.4 Forces on 

Plane Surfaces 
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The magnitude of the resultant force acting on a 
completely submerged plane surface in a homogeneous 
fluid is equal to the product of the pressure at the centroid 
of the surface and the area of the surface. 

Line of action of resultant force 
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3.5 Forces on Curved Surfaces 
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Hydrostatic force in a pressure 
vessel 

ACiACi ApWApF 
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If the curved surface is above the liquid, the weight of the 
liquid and vertical component of the hydrostatic force act in 
opposite directions. 

 WVF ABCD  WVF abcd
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3.6 Buoyancy 

Archimedes 
Principle: The 
buoyant force acting 
on an immersed body 
in a fluid is equal to 
the weight of the fluid 
displaced by the 
body, and it acts 
upwards through the 
centroid of the 
displaced volume.  
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DupB VFF 
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When hydrometer is immersed in 
pure water 

0, AzFW wwBhydrometer 

When hydrometer is immersed in 
another fluid 
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A device to measure specific gravity of a fluid. 
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Stability of Immersed and Floating Bodies 
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Stability of Immersed Bodies 

(a) Stable (b) Neutrally Stable (c) Unstable 
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If metacentric height is positive, the floating body is stable, 
if it is negative, the body is unstable. 
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