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 Forces on a Fluid Particle 

 Stress & Pressure in a Fluid 
Pascal’s law, Pressure force & measurement 

 Pressure Forces on Solid Surfaces 
Plane & curved surfaces 

 Pressure Forces on Bodies Immersed in Fluids 
Archimedes’ principle 

Equilibrium (static & stable) 

 Stratified Fluids 
Stability, pressure distribution, Earth’s atmosphere 

 Surface Tension & Capillarity 

Hydraulic Force Transmission 

A Quick Look 
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 Forces on a Fluid Particle 
 Surface force (stress):  

        intermolecular forces, short range 

 Body force (gravity): g 

        acts on the entire particle, long range 

 Surface force depends on 
 Relative position of the molecules 

pressure is normal to the surface: p  z 

 Relative average motion of theses particles 

viscous stress:    

Body force affects the motion of fluids 
 Gravity g is exerted by the entire earth 

 Electrostatic force acts between electrically charged particles 

 Not considered in this class, though 
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Forces on a Fluid Particle 
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How the stress is generated in the fluid 
 Compress the fluid  force the molecules closer together  inward force on 

fluid boundaries  transmitted throughout the fluid as the molecules repel 

each other more strongly  internal stress is generated 

 Stress  on the surface (vector) 
 Normal stress 

 Shear stress 

 Stress  within the fluid (tensor) 
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“At a point P in a static fluid, σ  must have the direction of      and 

have the same magnitude for all directions of     “. n
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Pressure in a Static Fluid - Pascal’s Law 
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Near the surface of the earth, the pressure decreases with 

altitude as 
 

 

 

 

      

Calculate the pressure force/volume at 

 

     i) z = 0 

 

     ii) z =5 km 

)z(exppp o 

levelseaatPa100133.1pwhere 5

o 

m/102.1 4

]m/N[16.12p 3

]m/N[805.6p 3

Pressure in a Static Fluid - Example 
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Gravitational force / unit volume 

In order for a fluid to remain motionless 

Integrate between points 1 and 2 
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Pressure in a Fluid in a Gravity Field 
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Pressure in a Fluid in a Gravity Field - Example 
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Differential Form 

 

 

 
 Integral Form 
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Hg Barometer 
 

 

 

 
 

U Tube Manometer 
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Pressure Measurement 
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The pressure forces acting on the surface may be replaced by a single force 

     acting at a point         center of pressure, located so as to give the same 

moment      as the pressure forces. 
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Pressure Force on Solid Surfaces 
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Pressure Force on Solid Surfaces - Example 
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Pressure Force on A Plane Surface 

The center of pressure is located at (xcp, ycp) 

We may then compute the moment of the 

pressure force about the origin O. 
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Pressure Force on A Curved Surface 

First replace the curved structure and then take the balance on 

the pressure distribution on the right and left surfaces of the fluid.  
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Archimedes’ Principle 
    “The pressure force (buoyant force) on an immersed body is equal in 

magnitude, but opposite in direction to the force of gravity acting on the 

displaced fluid.” 

                       pressure force integral            integral over volume of the 

                             over surface of body             fluid displaced by structure 
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Equilibrium in Fluids - Static Equilibrium 

The center of gravity and the center of buoyancy lie 

on the same vertical line. 
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1) Totally Submerged 
     When disturbed slightly, the body 

tends to return to the equilibrium 

position. G should lie below B, i.e. 

     B > G. 
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Equilibrium in Fluids - Stable Equilibrium 

2) Partially Submerged 
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Stability Criterion: start from hydrostatic equilibrium 
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Stratified Fluids - Static Stability 
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“Stability” is clearly different from “static” . 

If a small perturbation is given to a certain object, it must not 

be influenced by that.  

Stratified Fluids - Dynamic Stability 
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Pressure in Stratified Fluids 

Example 
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Hydraulic Force Transmission 


