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𝐿 =
ℎ

sin 𝜃
 

𝐹𝑅 = 𝛾 (
ℎ

2
) 𝐴 where: 𝛾 = 𝑝𝑔 

If the width of the wall is 𝑤 

Then 𝐴 = 𝐿 ∙ 𝑊 

𝐹𝑅 = 𝛾 (
ℎ

2
) (

ℎ

sin 𝜃
) 𝑊 

(You should remember sin 𝜃 , cos 𝜃 , 𝑎𝑛𝑑 tan 𝜃 𝑎𝑡 𝑙𝑒𝑎𝑠𝑡) 

Many times, engineers have to do calculations for a general plane area that is submerged. 

Aquarium is one such example. 

 

To analyze the given window 

1. Locates point S, angle 𝜃 

2. Locate the centroid of the area from geometry 



3. ℎ𝐶 = vertical distance from the centroid to the liquid surface. 

4. 𝐿𝐶 = inclined distance =
ℎ𝑐

sin 𝜃
 

5. Calculate the total area of which force is to calculated (use geometry) 

6. Calculate resultant force 𝐹𝑅 = 𝛾 ∙ ℎ𝑐 ∙ 𝑅 

7. Calculate 𝐼𝑐, the moment of inertia of area about its centroidal axis. 

[3 – example of Ic] 

8. Calculate the location of the centre of pressure from: 

𝐿𝐷 =  𝐿𝐶 +
𝐼𝑐

𝐿𝑐∙𝐴
 (need not remember) 

9. Sketch the resultant force 𝐹𝑅 acting at the centre of pressure, perpendicular to the area. 

10. Show the dimension 𝐿𝑃 

11. 𝐿𝑃 and 𝐿𝑐 are drawn from reference line 

12. If it is desired to compute vertical depth 

ℎ𝑝 =  𝐿𝑝 sin 𝜃 etc. 

 

Step 8 could be modified ℎ𝑝 =  ℎ𝑐 +
𝐼𝑐 sin2 𝜃

ℎ𝑐∙𝐴
 

 

Resultant force is defined as the summation of forces on a small element of interest 

 

  
dA is not d times A, it is elemental area. 

 

 

 

 



 
 

Because the area is inclined at an angle 𝜃, it is convenient using 𝑦 to denote the position of area 

at any depth, ℎ. 

 

So, 𝑑𝐹 = 𝛾(sin 𝜃)𝑑𝐴 

 

𝐹𝑅 is the integrated value of 𝑑𝐹 

 

 
 

The resultant force acts perpendicular to the area. 



Centre of pressure – The centre of pressure is that point on an area where the resultant forces 

can be assumed to act so as to have the same effect as the distributed force over the entire area 

due to fluid pressure. 

 

 
 



 



 
 

Piezometric head: in the problems considered so far, the liquid surface was exposed to 

atmosphere (𝑝 = 0 𝑔𝑎𝑔𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑙𝑖𝑞𝑢𝑖𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒) 

 

Sometimes the pressure above this free liquid surface is different from the ambient pressure 

outside the area. 

 

 
 

A convenient method to deal with such situations is to use the concept of piezometric head, in 

which the actual pressure above the fluid, 𝑃𝐴, is converted into an equivalent depth of the fluid, 

ℎ𝑎 , that would create the same pressure.  
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Distribution of force on a submerged curved surface 

 

 
Vertical force 𝐹𝑣 is balanced by weight of the fluid above it, 𝑊 

 



Horizontal force on left 𝐹1 and 𝐹2 is balanced with 𝐹2 on the right. 

 

One way to visualize the total force system involved is to isolate the volume of fluid directly 

above the surface of interest as a free body and show all forces acting on it. 

 

The objective is to determine the horizontal force 𝐹ℎ and the vertical force 𝐹𝑣 exerted on the 

fluid by the curved surface and their resultant force 𝐹𝑅. 

 

The line of action of the resulting force acts through the centre of curvature of the curved 

surface (Given in appendix, and if needed given in exam). 

 

This is because each of the individual force vectors due to fluid pressure acts perpendicular to 

the boundary surface, which is along then along the radius of curvature. 

 

Horizontal component – The vertical solid wall at the left exerts horizontal force on the fluid in 

contact with it in reaction to the force due to fluid pressure. This part of the system is the same 

manner as the vertical walls studied earlier. 

 

The resultant force 𝐹1 acts at a distance 
ℎ

3
 from the bottom of the wall. 

 

If we look at the right side of the plane wall in a free body diagram: 

 

 
The force 𝐹2𝑎 on the right (upper part) is equal to 𝐹1 

 

This way, they have no effect on the curved surface. 

 

For the curved surface 𝐹ℎ is balanced by 𝐹2𝑏: 

 



 
The area on which 𝐹2𝑏 acts is the projection of the curved surface on the vertical plane. 

 

𝐹2𝑏 = 𝛾ℎ𝑐𝐴 

 

ℎ𝑐𝐴 is the depth of the centroid of the projected area. 

 

 

ℎ𝑐 = ℎ +
5

2
  

 

If width (perpendicular to paper) is 𝑤 

 

The relevant area 𝐴 = 𝑆 ∙ 𝑊 

 

Then 𝐹2𝑏 =  𝐹𝐻 = 𝛾 ∙ 𝑆 ∙ 𝑊 (ℎ +
5

2
) 

 

The location of 𝐹2𝑏 is the centre of pressure of the projected area. 

 

ℎ𝑝 − ℎ𝑐 =
𝐼𝑐

ℎ𝑐𝐴
 (no need to remember) 

𝐼𝑐 =
𝑊𝑆3

12
 𝐴 = 𝑆𝑊 

 

ℎ𝑝 − ℎ𝑐 =
𝑊𝑆3

12(ℎ𝑐)(SW)
=

𝑆2

12ℎ𝑐
 



 

Vertical component – The weight of the fluid acts downwards, and so the vertical component 𝐹𝑉 

equals in magnitude of the weight 

 

𝐹𝑣 = 𝛾 (𝑣𝑜𝑙𝑢𝑚𝑒) = 𝛾𝐴𝑤 

 

The resultant force 𝐹𝑅 is  

 

𝐹𝑅 = √𝐹𝐻
2 + 𝐹𝑉

2 

 

The resultant force acts at an angle ∅ relative to the horizontal found from  

 

tan ∅ =
𝐹𝑉

𝐹𝐻
 

 

 
Practise problems from chapter 4 

 

4.20, 4.25, 4.40, 4.44 

 



Chapter 6 – Flow of fluids and Bernoulli’s Equation (we skipped chapter 5) 

 

Chapter 6-10 in this textbook are usually just one chapter in other textbooks. 

 

The quantity of fluid flowing in a system per unit time can be expressed by these different 

terms: 

 

𝑄 The volume flow rate – is the volume of fluid flowing past a section per unit time. 

W The weight flow rate – the weight of fluid flowing past a section per unit time. 

𝑚 The mass flow rate – the mass of fluid flowing past a section per unit time. 

 

The most fundamental of these three terms is the volume flow rate 𝑄, which is calculated from  

𝑄 = 𝐴𝑉 
𝐴 − 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

𝑉 − the average velocity of flow 

 

Units of 𝑄 = 𝐴𝑉 𝑚2 ∙
𝑚

𝑠
=

𝑚3

𝑠
 

 

The weight flow rate 𝑊 is related to 𝑄  

 

𝑊 = 𝛾𝑄 where 𝛾 is the specific weight of the fluid 

 

Units of 𝑊 = 𝛾𝑃 
𝑁

𝑚3 ∙
𝑚3

𝑠
=

𝑁

𝑠
 

 

The mass flow rate 𝑀 

 

Units of 𝑀 = 𝑒𝑄 where 𝑒 is density 

 

𝑀 = 𝑒𝑄 
𝑘𝑔

𝑚3 
∙

𝑚3

𝑠
=

𝑘𝑔

𝑠
 

 

Useful conversions (need not memorize) 

 

1.0
𝐿

𝑚𝑖𝑛
 =  0.06

𝑚3

ℎ𝑟
    

2.0
𝑚3

𝑠
=  60000

𝐿

𝑚𝑖𝑛
 

1.0
𝑔𝑎𝑙

𝑚𝑖𝑛
  =  3.785

𝐿

𝑚𝑖𝑛
  

1.0
𝑔𝑎𝑙

𝑚𝑖𝑛
=  0.2271

𝑚3

ℎ𝑟
 

1.0
𝑓𝑡3

𝑠
 =  499

𝑔𝑎𝑙

𝑚𝑖𝑛
   

 

(gal for gallon – US gallon is slightly smaller quantity of fluid than the imperial gallon) 



Typical volume flow ratio 

 

 


