
 

Introduction 

When the fluid velocity is zero, called the hydrostatic 

condition, the pressure variation is due only to the weight of 

the fluid. 

Consider a small wedge of fluid at rest of size

depth b into the paper. There is no shear stress by definition, 

and pressure is assumed to be identical on each face (small 

element).   

 

 

 

 

 

 

 

 

 

 

Hydrostatics 

When the fluid velocity is zero, called the hydrostatic 

condition, the pressure variation is due only to the weight of 
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and pressure is assumed to be identical on each face (small 
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depth b into the paper. There is no shear stress by definition, 

and pressure is assumed to be identical on each face (small 

 



 

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,

goes to zero,  

we have: Px = Pz = 

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

2. The net force in the x

 

 

 

 

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).  

te: in the limit as the fluid wedge shrinks to a point,

 Pn = P.  

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). 

ider a fluid element of size ∆x, ∆y, ∆z as shown in

2. The net force in the x-direction is given by: 

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 

te: in the limit as the fluid wedge shrinks to a point, ∆z 

  

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

z as shown in Fig. 



 

In a similar manner, net forces acting in y

be calculated. The total net force vector, due 

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.

gravity, a fluid in motion will have surface forces due to 

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

are zero. The gravity force is a body force, acting on the entire 

mass of the element:

 

 

 

manner, net forces acting in y and z directions can 

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

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 

e 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 

es. Viscous forces, however, for a fluid at rest 

are zero. The gravity force is a body force, acting on the entire 

mass of the element: 

directions can 

to pressure, is: 

 

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 

e pressure gradient is a surface force that acts on the 

sides of the element. That must be balanced by gravity force, 

In addition to 

gravity, a fluid in motion will have surface forces due to 

es. Viscous forces, however, for a fluid at rest 

are zero. The gravity force is a body force, acting on the entire 



 

Gauge pressure and vacuum pressure 

The actual pressure at a given position is called

pressure, and it is measured relative to absolute vacuum.

measure pressure may be either lower (called vacuum 

pressure) or higher (ga

atmosphere. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

ge pressure and vacuum pressure  

The actual pressure at a given position is called 

pressure, and it is measured relative to absolute vacuum.

measure pressure may be either lower (called vacuum 

pressure) or higher (gauge pressure) than the local 

 the absolute 

pressure, and it is measured relative to absolute vacuum.   The 

measure pressure may be either lower (called vacuum 

ge pressure) than the local 



 

Hydrostatic pressure distribution

 For a fluid at rest, the summation of forces acting on the 
element must be balanced by the gravity force.

 

 

 

 

 

 

 

 

 

 

 

 

As a result, we can conclude: pressure in a continuously 

distributed uniform static fluid varies only with vertical 

distance and is independent of the shape of the container. The 

pressure is the same at all points on a given horizontal plane 

in a fluid. 
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Note: In most engineering application

acceleration of gravity (g) due to different heights is less than 

0.6% and can be neglected.

 

For liquids, which are incompressible, we have:

 

 

 

 

 

In most engineering applications, the variation in 

acceleration of gravity (g) due to different heights is less than 

0.6% and can be neglected.    

For liquids, which are incompressible, we have: 

s, the variation in 

acceleration of gravity (g) due to different heights is less than 



 

 

 

 

 

 

 

 

 

 

 

At the sea‐level, the
mmHg.    

 

Hydrostatic pressure in gases

 Gases are compressible with density nearly proportional to 

pressure, thus the variation in density must be considered in 

hydrostatic calculations. Using the ideal gas equation of stat

P = ῥRT 

 

 

level, the atmospheric pressure reads, 761 

Hydrostatic pressure in gases 

Gases are compressible with density nearly proportional to 

pressure, thus the variation in density must be considered in 

hydrostatic calculations. Using the ideal gas equation of stat

atmospheric pressure reads, 761 

Gases are compressible with density nearly proportional to 

pressure, thus the variation in density must be considered in 

hydrostatic calculations. Using the ideal gas equation of state,  

 



 

After integration between points 1 and 2 and also assuming a 

constant temperature at both points T1 =T2=T0 (isothermal 

atmosphere), we find:

 

 

The isothermal assumption is a fair assumpt

However, for higher altitudes the atmospheric temperature 

drops off nearly linearly with z, i.e.

the sea level temperature (in Kelvin) and B=0.00650 K/m, we 

find: 

 

 

Note : that the atmospheric press
(vacuum condition) at z = 30 km.

 

Manometry 

 It is shown that a change in elevation of a liquid is equivalent 

to a change in pressure, 

one or multiple fluids can be used to measure pressure 

difference between 2 points. Such a device is called 

manometer 

After integration between points 1 and 2 and also assuming a 

constant temperature at both points T1 =T2=T0 (isothermal 

atmosphere), we find: 

The isothermal assumption is a fair assumption for earth. 

However, for higher altitudes the atmospheric temperature 

drops off nearly linearly with z, i.e.T= T0~	�� ,where T0 is 

level temperature (in Kelvin) and B=0.00650 K/m, we 

that the atmospheric pressure is nearly zero
(vacuum condition) at z = 30 km. 

It is shown that a change in elevation of a liquid is equivalent 

to a change in pressure, ∆h= ∆p/ƴ  .Thus a static column of 

one or multiple fluids can be used to measure pressure 

tween 2 points. Such a device is called 

After integration between points 1 and 2 and also assuming a 

constant temperature at both points T1 =T2=T0 (isothermal 

ion for earth. 

However, for higher altitudes the atmospheric temperature 
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Hydrostatic forces on plane surface 

Consider a plane panel of arbitrary shape completely 

submerged in a liquid.

 

 

 

 

 

 

Hydrostatic forces on plane surface  

Consider a plane panel of arbitrary shape completely 

submerged in a liquid.   

Consider a plane panel of arbitrary shape completely 



 

 

 

 

 

 

 

 

 

It means, the force on one side of any plane submerged 

surface in a uniform fluid equals the pressure at the plate 

centroid times the plate area, independent of the shape of the 

plate or angle θ. 

 

 To balance the bending

resultant force F acts not through the centroid but below it 

toward the high pressure side. Its line of action passes through 

the centre of pressure C

 

 

It means, the force on one side of any plane submerged 

surface in a uniform fluid equals the pressure at the plate 

centroid times the plate area, independent of the shape of the 

To balance the bending‐moment portion of th

resultant force F acts not through the centroid but below it 

toward the high pressure side. Its line of action passes through 

the centre of pressure CP of the plate (XCP, YCP). 

It means, the force on one side of any plane submerged 

surface in a uniform fluid equals the pressure at the plate 

centroid times the plate area, independent of the shape of the 

moment portion of the stress, the 

resultant force F acts not through the centroid but below it 

toward the high pressure side. Its line of action passes through 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 


