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Chapter 02:  Fluid Statics 

Pressure Forces on Submerged Surfaces and Center of Pressure 
Recall from Chapter 01 that the small pressure force dFp acting on a surface with a small area dA is,  

		
dFp = −pdA . (2.31)  
 
 
 
 
 

 
 
This force relationship was written specifically for a small area since it’s possible that over a large area, the 
pressure and the direction of the area could vary over the area (shown in the figure above).  Thus, to find 
the total pressure force on the whole area, the (small) force on a small area, where the area direction and 
pressure are well defined, is calculated first and then these are added, or integrated, over the whole area, 
i.e., 

		
Fp = dFp

A
∫ = −pdA

A
∫ . (2.32)  

 
Let’s consider the example of a fish tank completely filled with water, as shown in the figure below.  We 
wish to determine the net pressure force acting on bottom and right tank walls.   
 
 
 
 
 
 
 
 
 
 
Start first with the pressure force on the tank bottom,  
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where, at the bottom of the tank, the gage pressure remains constant at, 

		
pbottom,
gage

= ρgH .  (2.34) 

 
Notes: 
1. The magnitude of the pressure force on the bottom is equal to the weight of the water in the tank.  This 

makes sense because if there are no shear stresses at the side walls, then the pressure force at the 
bottom of the tank must support all of the weight of the liquid sitting above it. 

2. A gage pressure is used in Eq. (2.33) to simplify the pressure force calculation.  Since there is 
atmosphere on the other side of the tank bottom, then the gage pressure due to the atmosphere is zero 
(patm,gage = 0) and the corresponding pressure force is zero.  We get the same result as Eq. (2.33) if 
absolute pressures are used everywhere instead, 
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Note that the unit normal vector for the atmospheric side (bottom side, second integral) is in the 
opposite direction of the unit normal vector for the water side (first integral) since we’re on opposite 
sides of the wall.   
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A zoom in 

On this small area element, the 
pressure magnitude and area 
direction are constant and well 
defined. 
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