
3.rd week 

Fluid Static 

Definitions, Pressure at a point, Variation of 

Pressure in a static fluid 

Fluid Statics When the fluid velocity is zero, called the hydrostatic 

condition. 

Definition of Pressure 

Pressure is defined as the ratio of normal force to area at a point. For 

example, Fig. 3.2 shows fluid inside an object such as air inside a soccer 

ball. The molecules of the fluid interact with the walls to produces a 

pressure distribution. At each point on the walls, this pressure distribution 

creates a resultant force F normal that acts on an infinitesimal unit of area  

A as shown. Pressure is the ratio of normal force magnitude  to 

unit area  A at a point: 

 

 

Figure  Pressure acting on the walls of a sphere 

The reason that pressure is defined using a derivative is that pressure 

often varies from point to point. For example, pressure acting on the 

windshield of a moving car will vary at different locations on the 

windshield. 

Pressure is a scalar quantity; that is, it has magnitude only. Pressure is not 

a force; rather it is a scalar that produces a resultant force by its action on 

an area. The resultant force is normal to the area and acts in a direction 

toward the surface (compressive). 

 The pressure variation is due only to the weight of the fluid. Consider a 

small wedge of fluid at rest of size Δx, Δz, Δs and depth b into the paper. 



There is no shear stress by definition, and pressure is assumed to be 

identical on each face (small element).   

Since the element is at rest, summation of all forces must equal zero. 
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From geometry:             ,              

 

 

Fig. 1: Equilibrium of a small Fluid element at rest.  

After substitution in above equations, one finds:  

     .       
 

 
𝜌    

This means: 1) There is no pressure change in the horizontal direction. 2) 

There is a vertical change in pressure proportional to the density, gravity 

and depth change in the fluid (i.e. the weight of the column of the fluid 

above the point). Note: in the limit as the fluid wedge shrinks to a 

point, Δz goes to zero, we have:  

     =      Thus, pressure in a static fluid is a point property. 

Pressure force on a fluid element  



Assume the pressure vary arbitrarily in a fluid, p=p(x,y,z,t). Consider a 

fluid element of size Δx, Δy, Δz as shown in Fig. 2. The net force in the 

x‐direction is given by:  
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Fig. 2: Net force in the x‐direction due to pressure variation 

In a similar manner, net forces acting in y‐ and z‐directions can be 

calculated. The total net force vector, due to pressure, is: 
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 )       

Notice that the term in the parentheses is the negative vector gradient of 

pressure and the term dx dy dz =dV, is the volume of the element. 

Therefore, one can write: 

             

where fpress is the net force per volume. Notice that the pressure gradient 

(not pressure) causing a net force that must be balanced by gravity or 

acceleration and/or other effects in the fluid. Note: the pressure gradient 

is a surface force that acts on the sides of the element. That must be 



balanced by gravity force, or weight of the element, in the fluid at 

rest.   In addition to gravity, a fluid in motion will have surface forces due 

to viscous stresses. Viscous forces, however, for a fluid at rest are zero.  

 

 



 

 



 

 



 

 

 

 



 



 



 

 



 

 



                                                                                                         

 

 



 

 


