
Fluid Statics  
• Fluid Statics deals with problems associated with fluids at rest.  

• In fluid statics, there is no relative motion between adjacent fluid layers.  

• Therefore, there is no shear stress in the fluid trying to deform it.  

• The only stress in fluid statics is normal stress 

 Normal stress is due to pressure 

 Variation of pressure is due only to the weight of the fluid → fluid statics 

is only relevant in presence of gravity fields. 

• Applications:  Floating or submerged bodies, water dams and gates, liquid 

storage tanks, etc. 
 

• Pressure :  is  the Normal  force per unit area  
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* All given values for pressure are guage except if : 

1. (abs) is  mentioned beside the unit. 

2. Dealing with atmospheric pressure. 

3. Dealing with vapour pressure. 
 

*   No pressure guage value less than -1.013  bar 

*   1 bar = 105 pascal 

*  -ve pressure is called vacuum 

 

* In a static liquid : 
1. The pressure, at a certain point, is the same in all directions. 

2. The pressure is constant in the same horizontal plane. 

3. The pressure changes in the vertical direction. 
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* Pressure and head 
                                    P = γ h 

 

                        Pressure                  head 

                         N/m2                       m of liquid 

* head : is the vertical length that can define the pressure. 

 

*The hydrostatic paradox : 
 

 

 

 

 

 

Pbottom = γ h        then    Fbottom = PA = γ hA 
 

      Although the weight of fluid is different, the force in the base of the four 

vessels is the same. This force depends on the depth (h) and the base area A. 
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Free-body diagram of a rectangular
fluid element in equilibrium.

The pressure of a fluid at rest
increases with depth (as a 
result of added weight).



Example : 
A cylinder contains a fluid at pressure of 350 KN/m2 

- Express the pressure in terms of a head of :- 

    a) Water 1000=ωρ kg/m3       b) Mercury  SGm = 13.6 

-   Determine the absolute pressure if Patm = 101.3 KN/m2 ? 

 

Solution  

     P = γ h  = ghρ  

a) 350 * 103 = 1000 * 9.81 * hw              ∴  hw = 35.68 m of water 

b)  P = SGm ωρ g h                  SGm = 
ωρ

ρm             mρ = SGm ωρ   

350 * 103 = 13.6 * 1000 * 9.81 * hm      ∴  hm = 2.62 m of mercury 

   Pabs = Pgage + Patm 
      = 350 * 103 + 101.3 * 103   

      = 451300 N/m2 * 10-3 

      = 451.3  KN/m2  

 
 

Example : 

If hatm = 76 cm Hg, determine Patm? 

 

Solution  

Patm  =   γm h                                          SGm = 
w
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        = SGm γw h                                 γm = SGm γw 

         = 13.6 * 9800 * ( 76 * 10-2 ) 

     = 1.013 * 105 N/m2 



* pressure measurements by manometers 

 

 

* Piezometer                                                                      
Pressure tube or piezometer                                                                     

Consists of a single vertical tube                                                   

                        PA = γ1 h1                                                 

 

 

 

* U- tube manometer 

Statics 

Same horizontal plane 

* to make pressure equivalence  

1 – Still liquid  

2 – Continues liquid 

3 – Same liquid  

 

PI = PII 

2211 ghghPA ρρ =+  

2211 hhPA γγ =+  
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U-tube manometer



 

 
  PI = PII 

332211 ghghPghP BA ρρρ ++=+  

113322 ghghghPP BA ρρρ −+=−  

113322 hhhPP BA γγγ −+=−  

 

 

 

 

 

* Inclined-Tube Manometer 

 

 

 

 

 

 

 
  PI = PII 

332211 sin ghglPghP BA ρθρρ ++=+  

113322 sin ghghglPP BA ρρθρ −+=−  

113322 sin hhlPP BA γγθγ −+=−          l
h
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Differential U-tube manometer.
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* U-tube with one enlarged 
volume  =  volume 

haA ** =   

  h
A
a *=  

 

       h
D

d
*

4

4
2

2

π

π

=  

 

 h
D
d *2

2

=         PI = PII 

                                                         ghgP ρρ += 1  

                                                               ghh
D
dg ρρ += 2

2

*  
 

                                                               = 







+12

2

D
dghρ  

        
 
 
 
 
* Inverted U-tube 
 
            PI = PII 

223311 ghghPghP BA ρρρ −−=−  
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*Atmospheric pressure (Barometric pressure) 
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                                                                      = 13600 * 9.8 * 0.76 

                                                                      = 1.013 * 105   N/m2 

                                                                      = 1.013   bar  

 
 
 
* Bourdon tube gauge  
It is used for measuring pressure in almost all ranges except minutely small 

pressure. 

Disadvantages: 

1 – Needs calibration on dead weight tester. 

2 – Accuracy is less than liquid Columns. 
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Pascal’s law: The pressure applied to a 
confined fluid increases the pressure 
throughout by the same amount. 

Lifting of a large 
weight by a small 

force by the 
application of 
Pascal’s law.

*  Pressure Transducer (Electrical Measuring Device): 
 

 

A pressure transducer converts 

pressure into an electrical 

output. 

 

 

 

Applications 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



Hydrostatic Forces on Plane Surfaces 
 



 
 
 
Pguage = ρ g h 
yc at centroid 
yp at center of pressure 
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then  AcR )sinyg  P(F o θρ+=                       Resultant force   (1) 
 
FR line of action doesn't pass through the centroid of the surface. It lies 
underneath, where the pressure is higher.  
By taking the moment of FR about x- axis to the moment of the distributed 
pressure force. 
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as cxxI , : second moment of area about centroid 
From equations (1), (3) in (2) 
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Hydrostatic force acting on the top surface of a submerged vertical 
rectangular plate 
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Hydrostatic Forces on Submerged Curved Surfaces 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
When a curved surface is above the 
liquid, the weight of the liquid and the 
vertical component of the hydrostatic 
force act in the opposite directions.  
 
 
 
 

 
 
 
 
 
 
The hydrostatic force acting on a circular 
surface always passes through the center of the 
circle since the pressure forces are normal to the 
surface and they all pass through the center. 
 
 
 
 
 
 
 
 
 

 
 
In a multilayered fluid of different densities can be determined by considering 
different parts of surfaces in different fluids as different surfaces, finding the 
force on each part, and then adding them using vector addition. For a plane 
surface, it can be expressed as  
 
 
 



 
 
 
The hydrostatic force on a 
surface submerged in a 
multilayered fluid can be 
determined by considering 
parts of the surface in different 
fluids as different surfaces. 
 
 
 
 
 
 
 

 
 

 
 
 
 



 
 


