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El-Mansoura University 

Faculty of Engineering 

Dept. of Irrigation & Hydraulics 

Second Year Civil Engineering  

     Mid-term Exam 

     Fluid mechanics 

    Nov. 4, 2017 (First term) 

   Allowed time: 1.5 Hours 
 Total Marks : 30                  ورقتان الإمتحان فى    

Answer all the following questions  
Illustrate your answer with neat Sketches. 

                      Mention corresponding dimensions of the calculations. 

                     w = 9810N/m
3
 =62.4lb/ft

3
,            g = 9.81m/s

2
 =32.2ft/s

2 

1-a) Define what is the gravitational unit system. Mention an example.    (2Marks) 

Gravitational systems are based on Length (L), force (F), and time (T). The force (weight) depends on gravity 

acceleration (g) which in turn varies with location, so the system is named gravitational.         

        (
        

  
 )    (

 

  
)                             (

 

  
) 

where: C, C1 are constants, Mearth mass of earth  and considered constant, F weight of the studied mass m, r 

is distance from center of earth to location of the mass m on the earth surface.  

 1 slug = 1 lb/ (1 ft/s
2
)         (1 Mark) 

Dimensions Mass M Length (L) Force (F) Time (T) Temperature 

 Absolute () 

Temperature 

 Ordinary () 

BG system Slug
* 

Foot (ft) Pound force (lb) Second (s)
 

Rankine (R
0
) 

R
0
=F

0
+459.67 

Fahrenheit (F
0
) 

F
0
=1.8C

0
 +32 

             (1 Mark) 
 
 
1-b) The pressure in a natural gas pipeline is measured by the manometer shown. The local atmospheric 

pressure is 14 lb/in2. Determine the absolute pressure in the pipeline. (S.G.air  = 0). (air=0) (4 Marks) 
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2) A long, solid cylinder of radius r = 2ft hinged at point A is used as an automatic gate. When the liquid depth 

reaches 15ft, the cylindrical gate opens by turning about the hinge at point A.  Determine (a) the hydrostatic 

force acting on the cylinder and its line of action when the gate opens and (b) the weight of the cylinder per ft 

length of the cylinder. (S.G.liquid=1.2)            (10 Marks) 

 

 

  
 

a) Horizontal hydrostatic forces acting on the cylinder are H1 & H2 

      (   )                   
  

   
                        (1 Mark) 

        
 

 
                

  

   
                      (1 Mark) 

                              
Moment of H @ A =  moment of their components @ A 

   
         

 
 
                     

       
             (1 Mark) 

Or                 
  

   
                         (1Mark) 

  
 

 
 

   

   
  

   

 
 

    (   ) 

  

            
   

 

 

  
            (2Marsk) 

Vertical hydrostatic forces acting on the cylinder are V1 & V2 

      (   )                   
  

   
                        (1 Mark) 

      
   

 
                

  

   
 
 (   ) 

 
               (1 Mark) 

                            
Moment of V @ A =  moment of their components @ A 

   
         

 
 
               (    

  

  
  )

      
 
                     

      
         (1 Mark) 

Total Resultant of hydrostatic forces R 

  √      √                                (1 Mark) 

     
 

 
 

      

       
                                   (1 Mark) 

b) ∑                              
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3-a) The pressure outside the droplet of water of diameter 0.03mm is 10 Pa . Calculate the pressure within the 
droplet if the surface tension of water is 0.00073N/cm      (2 Marks) 
Let the droplet with diameter d is cut into two halves. The forces acting on one half will be: 1) tensile force due to 

surface tension acting around the perimeter of the cut   d)  and 2) pressure force due to pressure intensity 

inside the droplet in excess of the outside pressure intensity (p  d2/4), these two forces will be equal and 
opposite under equilibrium conditions, then: 

 

  
   

 
      ,    or              

  

 
        (1 Mark) 
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    (1 Mark) 

 
 
 
 

3-b) A uniform wooden beam (S.G. = 0.65) is 10cm X 10cm X 3m and is hinged at A. At what angle o will the 

beam float in water?          (5 Marks) 

 

 
  

                                                                                      

                                                                                  
                  (1 Mark) 

The body under equilibrium, then moment @A =0.0 
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    or                          (1 Mark) 
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4-a) A tank has a bottom with 2m wide x 5m long is filled to a depth of 0.8m with a liquid of mass density 

840kgm−3. What will be the force in N on the bottom of the vessel (a) when being accelerated vertically 

upwards at 4ms-2, (b) when the acceleration ceases (stop) and the vessel continues to move at a constant 

velocity of 7ms−1 vertically upwards?         (3Marks) 

 

a) Force on tank bottom F = pressure at the tank bottom P X bottom area A 

      (  
  

 
)     

  

       
 

  
      (   

 

    
)      

 

                    (1 Mark) 

                               (1 Mark) 

b) When the tank is moving with constant velocity vertical acceleration az =0 

                                 (1 Mark) 

 

 

 

 

 

 

4-b) A volume of glycerin equal to 10 liters has a specific gravity of 1.26. (a) Determine its weight in pounds and 
in Newton's at the Earth’s surface. (b) What would be its mass (in slugs) and its weight (in pounds) if located on 
the moon’s surface where the gravitational attraction is one-sixth that at the Earth’s surface?       (4 marks) 
a)                                                                          
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El-Mansoura University 

Faculty of Engineering 

Dept. of Irrigation & Hydraulics 

Second Year Civil Engineering  

     Mid-term Exam 

     Fluid mechanics 

    Nov. 4, 2017 (First term) 

   Allowed time: 1.5 Hours 
 Total Marks : 30                  الإمتحان فى ورقتان    

Answer all the following questions  
Illustrate your answer with neat Sketches. 

                      Mention corresponding dimensions of the calculations. 

                     w = 9810N/m
3
 =62.4lb/ft

3
,            g = 9.81m/s

2
 =32.2ft/s

2 

1-a) A volume of oil equal to 5liters has a specific gravity of 0.7. (a) Determine its weight in pounds and in 
Newton's at the Earth’s surface. (b) What would be its mass (in slugs) and its weight (in pounds) if located on 
the moon’s surface where the gravitational attraction is one-sixth that at the Earth’s surface?      (4 marks) 
a)                                                                          
                                 

               
       

      
 (

   

       
)
 
     

  

   
                (1Mark) 

               
   

         
     

 

                (1Mark) 

b)                                                      
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)
 
         

    

   
                     (1Mark) 

                  
                            

                             
        

 

 
            (1Mark) 

 

 

 

 

 

 

1-b) Define what is the inconsistence unit system. Mention an example.   (2 Marks) 

Inconsistent system: the unit force does not cause unit mass to undergo unit acceleration; they require an 

additional conversion factor. 

1 kg f = 1 kg x 9.81 m/s
2
  

or 1 lb =1 lbm x 32.2 ft/s
2
         (1 Mark) 

Dimensions Mass M Length 

(L) 

Force (F) Time (T) Temperature 

 Absolute () 

Temperature 

 Ordinary () 

Metric system 

(mks) 

Kilogram 

(kg) 

Meter 

(m) 

Second 

(s) 

Kilograme 

force (kgf)
* 

Kelvin (K) 

K=C
0
+273.15 

Celsius (C
0
) 

United state 

customary 

system(USCS) 

Pound 

mass (lbm) 

Foot 

(ft) 

Second 

(s) 

Pound 

(lb)
*
[USCS] 

 

Rankine 

(R
0
) 

Fahrenheit 

(F
0
) 

             (1Mark) 
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2-a) The pressure outside the droplet of water of diameter 0.002cm is 9 N/m2 . Calculate the pressure within 
the droplet if the surface tension of water is 0.07N/m      (2 Marks) 
Let the droplet with diameter d is cut into two halves. The forces acting on one half will be: 1) tensile force due to 

surface tension acting around the perimeter of the cut   d)  and 2) pressure force due to pressure intensity 

inside the droplet in excess of the outside pressure intensity (p  d2/4), these two forces will be equal and 
opposite under equilibrium conditions, then: 

 

  
   

 
      ,    or              

  

 
        (1 Mark) 
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     (1 Mark) 

 
 

2-b) The pressure in a natural gas pipeline is measured by the manometer shown. The local atmospheric 

pressure is 15 lb/in2. Determine the absolute pressure in the pipeline. (S.G.air  = 0). (air=0) (4 Marks) 
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3) A long, solid cylinder of radius r = 1m hinged at point A is used as an automatic gate. When the liquid depth 

reaches 5m, the cylindrical gate opens by turning about the hinge at point A.  Determine (a) the hydrostatic 

force acting on the cylinder and its line of action when the gate opens and (b) the weight of the cylinder per m 

length of the cylinder. (S.G.liquid=0.8)            (10 Marks) 

 

 

  
 

a) Horizontal hydrostatic forces acting on the cylinder are H1 & H2 

      (   )                   
 

  
                    (1 Mark) 

        
 

 
                

 

  
                  (1 Mark) 

                          
Moment of H @ A =  moment of their components @ A 

   
         

 
 
                    

     
           (1 Mark) 

Or                 
 

  
            35316N  (1 Mark) 

  
 

 
 

   

   
  

  

 
 

   (  ) 

  

          
     

 

  

   
         (2 Marks) 

Vertical hydrostatic forces acting on the cylinder are V1 & V2 

      (   )                   
 

  
                    (1 Mark) 

      
   

 
                

 

  
 
 (  ) 

 
             (1 Mark) 

                              
Moment of V @ A =  moment of their components @ A 

   
         

 
 
                  (   

  

  
 )

       
 
                        

       
        

            (1 Mark) 

Total Resultant of hydrostatic forces R 

  √      √                          (1 Mark) 

     
 

 
 
     

     
                                (1 Mark) 

b) ∑                              

   
       

 
 
                       

  
              (2 Marks) 
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4-a) A cylindrical wooden (S.G. = 0.7) is 3ft diameter x 10ft length and is hinged at A. At what angle o will the 

beam float in water?          (5 Marks) 

 

 
  

                                                                                      

                                                                                  
                  (1 Mark) 

The body under equilibrium, then moment @A =0.0 

   
 

 
        (  

 

 
)       

              
 

 
           (  

 

 
)       (1 Mark) 

            
 

 
    (  

 

 
) 

                  
    or                          (1 Mark) 

   

    √(   )             

 
 

   
    √(   )            

 
               (1 Mark) 

     
  

   
 

  

          
 

   

       
                    (1 Mark) 

 

4-b) A tank has a bottom with 1m wide x 3.0m long is filled to a depth of 2m with a liquid of mass density 

900kgm−3. What will be the force in N on the bottom of the vessel (a) when being accelerated vertically 

upwards at 4ms-2, (b) when the acceleration ceases (stop) and the vessel continues to move at a constant 

velocity of 9ms−1 vertically upwards?         (3Marks) 

 

a) Force on tank bottom F = pressure at the tank bottom P X bottom area A 

      (  
  

 
)     

  

       
 

  
    (   

 

    
)       

 

                      (1 Mark) 

                                    (1 Mark) 

b) When the tank is moving with constant velocity vertical acceleration az =0 

                                  (1 Mark) 
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El-Mansoura University 

Faculty of Engineering 

Dept. of Irrigation & Hydraulics 

Second Year Civil Engineering  

     Mid-term Exam 

     Fluid mechanics 

    Nov. 4, 2017 (First term) 

   Allowed time: 1.5 Hours 
 Total Marks : 30                  الإمتحان فى ورقتان    

Answer all the following questions  
Illustrate your answer with neat Sketches. 

                      Mention corresponding dimensions of the calculations. 

                     w = 9810N/m
3
 =62.4lb/ft

3
,            g = 9.81m/s

2
 =32.2ft/s

2 

1-a) Define what is the absolute unit system. Mention an example.    (2 Marks) 

Absolute systems (non-gravitational) are based on length (L), mass (M), and time (T) and they named 

absolute because they are independent of the acceleration of gravity. 

1 N = 1 kg x 1 m/s
2
          (1 Mark) 

Dimensions Mass M Length 

(L) 

Time (T) Force (F) Temperature 

 Absolute () 

Temperature 

 Ordinary () 

SI system Kilogram 

(kg) 

Meter 

(m) 

Second 

(s) 

Newton (N)
*
 Kelvin (K) 

K=C
0
+273.15 

Celsius (C
0
) 

 Or  Metric system 

(mks) 

Kilogram 

(kg) 

Meter 

(m) 

Second 

(s) 

Kilograme 

force (kgf)
* 

Kelvin (K) 

K=C
0
+273.15 

Celsius (C
0
) 

 Or    United state 

customary 

system(USCS) 

Pound 

mass (lbm) 

Foot 

(ft) 

Second 

(s) 

Pound (lb) 

 

Rankine 

(R
0
) 

Fahrenheit 

(F
0
) 

             (1 Mark) 

 

1-b) The absolute pressure of the air in the tank shown is measured to be 165 kPa. Determine the differential 

height h of the mercury column.  The local atmospheric pressure is 100 KN/m2. (air=0)  (4 Marks) 

 
                  ,                (1 Mark) 

                                               (1 Mark) 

    
  

  
          

  

  
            

  

  
                

  

  
    

  

  
 

            
  

  
    

  

  
          

  

  
                

  

  
    

  

  
 

                      (2 Mark) 
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2-a) The pressure outside the droplet of water of diameter 0.004cm is 8 Pa . Calculate the pressure within the 
droplet if the surface tension of water is 0.00073N/cm      (2 Marks) 
 
Let the droplet with diameter d is cut into two halves. The forces acting on one half will be: 1) tensile force due to 

surface tension acting around the perimeter of the cut   d)  and 2) pressure force due to pressure intensity 

inside the droplet in excess of the outside pressure intensity (p  d2/4), these two forces will be equal and 
opposite under equilibrium conditions, then: 

 

  
   

 
      ,    or              

  

 
        (1 Mark) 

          
  

 
  

 

  
(

  

     
)
 
 
         

 

  

       
       

 

   
    (1 Mark) 

 

2-b) A cylindrical wooden (S.G. = 0.8) is 0.12m diameter x 2.5m length and is hinged at A. At what angle o will 

the beam float in water?         (5 Marks) 

 

 
  

 

                                                                                      

                                                                                  
                  (1 Mark) 

The body under equilibrium, then moment @A =0.0 

   
 

 
        (  

 

 
)       

              
 

 
           (  

 

 
)       (1 Mark) 

            
 

 
    (  

 

 
) 

                  
    or                          (1 Mark) 

   

    √(   )             

 
 

   
   √(  )             

 
               (1 Mark) 

     
  

   
 

  

        
                       (1 Mark) 

 

 

 

 

W B 

1.25m 2.5-x/2)m) 
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3) A long, solid cylinder of radius r = 3ft hinged at point A is used as an automatic gate. When the liquid depth 

reaches 18ft, the cylindrical gate opens by turning about the hinge at point A.  Determine (a) the hydrostatic 

force acting on the cylinder and its line of action when the gate opens and (b) the weight of the cylinder per ft 

length of the cylinder. (S.G.liquid=1.3)            (10 Marks) 

 

  
 

a) Horizontal hydrostatic forces acting on the cylinder are H1 & H2 

      (   )                   
  

   
                        (1 Mark) 

        
 

 
                

  

   
                       (1 Mark) 

                        
Moment of H @ A =  moment of their components @ A 

   
         

 
 
                  

    
            (1 Mark) 

Or                 
  

   
                           (1 Mark) 

  
 

 
 

   

   
  

   

 
 

    (   ) 

  

              
     

 

 

    
          (2 Marks) 

Vertical hydrostatic forces acting on the cylinder are V1 & V2 

      (   )                   
  

   
                        (1 Mark) 

      
   

 
                

  

   
 
 (   ) 

 
             (1 Mark) 

                        
Moment of V @ A =  moment of their components @ A 

   
         

 
 

               (    
  

  
  )

    
 

                     

    
          (1 Mark) 

Total Resultant of hydrostatic forces R 

  √      √                          (1 Mark) 

     
 

 
 
    

    
    52                              (1 Mark) 

b) ∑                              

   
       

 
 

                    

   
             (2 Marks) 
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 V2 

 H1 

 H2 

W  y1 y2 

 x1 

 x2 
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 Y 

 V 

 H 
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 L-r 

 r 

 r    W 
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4-a) A tank has a bottom with 2ft wide x 6ft long is filled to a depth of 3ft with a liquid of S.G.=0.8. What will be 

the force in pounds on the bottom of the vessel (a) when being accelerated vertically upwards at 20fts-2, (b) 

when the acceleration ceases (stop) and the vessel continues to move at a constant velocity of 7fts−1 vertically 

upwards?            (3Marks) 

 

a) Force on tank bottom F = pressure at the tank bottom P X bottom area A 

     (  
  

 
)        (  

  

 
)          

  

   
     (   

  

    
)       

  

   
           

  

   
   

             (1 Mark) 

                
  

   
                (1 Mark) 

b) When the tank is moving with constant velocity vertical acceleration az =0 

                
  

   
                       (1 Mark) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-b) A volume of oil equal to 8 liters has a specific gravity of 0.9. (a) Determine its weight in pounds and in 
Newton's at the Earth’s surface. (b) What would be its mass (in slugs) and its weight (in pounds) if located on 
the moon’s surface where the gravitational attraction is one-sixth that at the Earth’s surface?      (4 marks) 
 

a)                                                                          
                                 

               
       

      
 (

   

       
)
 
     

  

   
                 (1Mark) 

               
   

         
     

 

                 (1Mark) 

b)                                                      
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)
 
         

    

   
                    (1Mark) 
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El-Mansoura University 

Faculty of Engineering 

Dept. of Irrigation & Hydraulics 

Second Year Civil Engineering  

     Mid-term Exam 

     Fluid mechanics 

    Nov. 4, 2017 (First term) 

   Allowed time: 1.5 Hours 
 Total Marks : 30                  الإمتحان فى ورقتان    

Answer all the following questions  
Illustrate your answer with neat Sketches. 

                      Mention corresponding dimensions of the calculations. 

                     w = 9810N/m
3
 =62.4lb/ft

3
,            g = 9.81m/s

2
 =32.2ft/s

2 

1-a) A volume of mercury equal to 3 liters has a specific gravity of 13.6. (a) Determine its weight in pounds and 
in Newton's at the Earth’s surface. (b) What would be its mass (in slugs) and its weight (in pounds) if located on 
the moon’s surface where the gravitational attraction is one-sixth that at the Earth’s surface?      (4 marks) 
 
a)                                                                          
                                 

                
       

      
 (

   

       
)
 
     

  

   
                (1Mark) 

                
   

         
     

 

                (1Mark) 

b)                                                      
  

 
      

        
    

  

   

    
  

  

         
       

      
 (

   

       
)
 
          

    

   
                   (1Mark) 

                  
                            

                             
        

 

 
             (1Mark) 

 
 
 
 
 
 
 
 
 

1-b) The pressure outside the droplet of water of diameter 0.05mm is 6 N/m2 . Calculate the pressure within 
the droplet if the surface tension of water is 0.00065N/cm     (2 Marks) 
 
Let the droplet with diameter d is cut into two halves. The forces acting on one half will be: 1) tensile force due to 

surface tension acting around the perimeter of the cut   d)  and 2) pressure force due to pressure intensity 

inside the droplet in excess of the outside pressure intensity (p  d2/4), these two forces will be equal and 
opposite under equilibrium conditions, then: 

 

  
   

 
      ,    or              

  

 
        (1 Mark) 

          
  

 
  

 

  
(

  

     
)
 
 
         

 

  

       
       

 

   
=5206Pa   (1 Mark) 
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2-a) Define what is the consistence unit system. Mention an example.    (2 Marks) 

Consistent system: having a conversion factor of magnitude equal one.  

1 N = 1 kg x 1 m/s
2
  

or 1 dyne = 1 gr x 1 cm/s
2
 

or 1 pdl= 1 lbm x 1 ft/s
2
         (1 Mark) 

Dimensions Mass M Length (L) Time (T) Force (F) Temperature 

 Absolute () 

Temperature 

 Ordinary () 

SI system Kilogram 

(kg) 

Meter (m) Second 

(s) 

Newton (N)
*
 Kelvin (K) 

K=C
0
+273.15 

Celsius (C
0
) 

 Or      Absolute 

metric system(cgs) 

/French 

system(FS) 

gram (gr) Centimeter 

(cm) 

Second 

(s) 

Dyne
* 

Kelvin (K) 

K=C
0
+273.15 

Celsius (C
0
) 

Or    English 

engineering (EE) 

system 

Pound 

mass (lbm) 

Foot (ft) Second 

(s) 

Poundal 

(pdl)
*
[EE] 

Rankine 

(R
0
) 

Fahrenheit 

(F
0
) 

             (1 Mark) 

 
 
 

 
 
 
2-b) The absolute pressure of the air in the tank shown is measured to be 170 kPa. Determine the differential 

height h of the mercury column.  The local atmospheric pressure is 102 KN/m2. (air=0)  (4 Marks) 

 
                  ,                (1 Mark) 

                                               (1 Mark) 

    
  

  
          

  

  
            

  

  
                

  

  
    

  

  
 

            
  

  
    

  

  
          

  

  
                

  

  
    

  

  
 

                      (2 Mark) 
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3-a) A uniform wooden beam (S.G. = 0.75) is 3ft X 3ft X 10ft and is hinged at A. At what angle o will the beam  

 

 
  

                                                                                      

                                                                                  
                  (1 Mark) 

The body under equilibrium, then moment @A =0.0 

   
 

 
        (  

 

 
)       

              
 

 
           (  

 

 
)       (1 Mark) 

            
 

 
    (  

 

 
) 

                  
    or                          (1 Mark) 

   

    √(   )             

 
 

   
    √(   )             

 
             (1 Mark) 

     
  

   
 

  

        
 

   

       
                    (1 Mark) 

 

3-b) A tank has a bottom with 4ft wide x 8ft long is filled to a depth of 2ft with a liquid of S.G.=0.9. What will be 

the force in pounds on the bottom of the vessel (a) when being accelerated vertically upwards at 15fts-2, (b) 

when the acceleration ceases (stop) and the vessel continues to move at a constant velocity of 8fts−1 vertically 

upwards?            (3Marks) 

 

a) Force on tank bottom F = pressure at the tank bottom P X bottom area A 

     (  
  

 
)        (  

  

 
)          

  

   
     (   

  

    
)       

  

   
            

  

   
   

             (1 Mark) 

                
  

   
                  (1 Mark) 

b) When the tank is moving with constant velocity vertical acceleration az =0 

                
  

   
                       (1 Mark) 

 

 

 

 

 

 

 

 

 

 

 

W B 

5ft 10-x/2)ft) 

X 
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4) A long, solid cylinder of radius r = 2m hinged at point A is used as an automatic gate. When the liquid depth 

reaches 6m, the cylindrical gate opens by turning about the hinge at point A.  Determine (a) the hydrostatic 

force acting on the cylinder and its line of action when the gate opens and (b) the weight of the cylinder per m 

length of the cylinder. (S.G.liquid=0.9)            (10 Marks) 

 

 

  
 

a) Horizontal hydrostatic forces acting on the cylinder are H1 & H2 

      (   )                   
 

  
                     (1 Mark) 

        
 

 
                

 

  
                 (1 Mark) 

                           
Moment of H @ A =  moment of their components @ A 

   
         

 
 

                   

     
           (1 Mark) 

Or                 
 

  
          88290N   (1 Mark) 

  
 

 
 

   

   
  

  

 
 

   (  ) 

  

        
   

 

 

  
           (2 Marks) 

Vertical hydrostatic forces acting on the cylinder are V1 & V2 

      (   )                   
 

  
                    (1 Mark) 

      
   

 
                

 

  
 
 (  ) 

 
            (1 Mark) 

                           
Moment of V @ A =  moment of their components @ A 

   
         

 
 

               (   
  

  
 )

     
 

                    

     
        

            (1 Mark) 

Total Resultant of hydrostatic forces R 

  √      √                          (1 Mark) 

     
 

 
 

     

     
                                (1 Mark) 

b) ∑                              

   
       

 
 

                       

  
            (2 Marks) 
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 r 

   L 

 r 

 V1 

 V2 

 H1 

 H2 

W  y1 y2 

 x1 

 x2 

 X 

 Y 

 V 

 H 

 R 

 L-r 

 r 

 r    W 


