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CHAPTER 1  

UNITS AND DIMENSIONS & FLUID PROPERTIES 

 

1.1 Fluids  انموائغ: 

Fluid can be defined as a substance which can deform continuously when 

being subjected to shear stress at any magnitude.  This includes any liquid 

or gas. 

غش ٘زا لص ِّٙب ص  يؼشف اٌّبئغ ثأٔٗ اٌّبدح اٌزٝ يزغيش شىٍٙب ثبعزّشاس ػٕذ رؼشظٙب لإعٙبد 

 ., ٚرشًّ اٌغٛائً ٚاٌغبصاددالإعٙب

 

 

 

 

 

 

 

 

 

 

 

1.2 Fluid mechanics مَكبنَكب انموائغ : 

Fluid mechanics is a division in applied mechanics related to the behaviour 

of liquids or gases which is either in rest or in motion. 

ٌّخزٍفخ ِضً اٌغٛائً ٚاٌغبصاد فٝ عّيغ حبلارٙب ٘ٛ رٌه اٌفشع ِٓ اٌؼٍُ اٌزٜ يٙزُ ثذساعخ اٌّٛائغ ا

 )اٌغىْٛ أٚ اٌحشوخ(.

 

The study related to a fluid in rest or stationary is referred to “fluid 

statics” اعزبريىب اٌّٛائغ, otherwise it is referred to as “fluid dynamics” ديٕبِيىب

 .اٌّٛائغ 
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1.3 Applications Of Fluid Mechanics In Civil Engineering 

 

• Water pipelines: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Water distribution systems and Sewer systems: 
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• Dams and water control structures: 

 

 

 

 

 

 

 

 

 

 

 

• Rivers and manmade canals: 

 

 

 

 

 

 

 

 

• Coastal and Harbour structures: 
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1.4 Units And Dimensions انوحذاد والأثؼبد : 

a- Dimensions: 
 

Length Time Mass Force 

L T M F 

 

Mass: is the property of a body of fluid that is a measure of its inertia or 

resistance to a change in motion. It is also a measure of the quantity of 

fluid. 

Force (Weight): is the amount that a body weights, that is, the force with 

which a body is attracted towards the earth by gravitation.  

 

- Types of Dimensions: 

M – L – T System 

 F – L – T System 

Force (F) = Mass (M) x Acceleration (L/T
2
) 

F = MLT
-2 

b- Units: 
 

System Quantity 

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

International (SI) M sec Kg N 

French (c.g.s) Cm sec gm dyne 

British (English) Foot (ft) sec slug Pound (Ib) 

Kilogram weigth  M sec Kg Kgw 
 

1 N = 1 Kg x 1 m/s
2 

1 dyne = 1 gm x 1 cm/s
2
 

1 Ib = 1 slug x 1 ft/s
2
 

 

- Some conversion factors: 

a- Length (L): 

1 ft = 12 inch               1 inch = 2.54 cm              1 ft = 0.3048 m 

b- Mass (M): 

1 slug = 14.59 Kg              
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c- Force (F): 

1 Kgw = 9.81 N             1 gmw = 981 dyne           1 N = 10
5
 dyne 

1 Ib = 4.44 N                1 Kgw = 2.205 Ib             1 Ib = 453.60 gm                 

Note: Acceleration due to gravity, g = 9.81 m/s
2
  = 32.20 ft/s

2
. 

 

Example 1-1  

Convert the following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

1.5 Main Water properties: 

1- Density (ρ) انكثبفخ :  

Density (ρ): mass per unit volume َٛوزٍخ ٚحذح اٌحغ. 

ρ = M/ V = ML
-3                                                                                           

(Dimension) 

ρ = Kg/m
3 
=

  
gm/cm

3 
=

 
slug/ft

3 
                                       (units) 

ρwater = 1000 Kg/m
3 
=  1 gm/cm

3 
= 1.94 slug/ft

3
                

 

2- The specific weight (ɣ) انوصن اننوػي: 

The specific weight (ɣ) = weight per unit volume َٛٚصْ ٚحذح اٌحغ 

ɣ = W/ V = FL
-3                                                                                           

(Dimension) 
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ɣ = ρ g 

ɣ = Kgw/m
3 
= N/m

3 
=

  
dyne/cm

3 
=

 
Ib/ft

3 
                          (units) 

ɣ water = 9810 N/m
3 

=
  
981 dyne/cm

3 
= 62.42

 
Ib/ft

3
                

 

Water reaches a maximum density at 4°C. It becomes less dense when 

heated. 

 ِئٛيخ, ٚرمً ثبرفبع دسعبد اٌحشاسح. 4رجٍغ ألصٝ ليّخ ٌٍٛصْ إٌٛػٝ ٌٍّيبٖ ػٕذ دسعخ حشاسح 

 

Density of sea water about 4% more than that of fresh water. Thus, when 

fresh water meets sea water without sufficient mixing, salinity increases 

with depth. 

 %. 4وضبفخ ِيبٖ اٌجحش أػٍٝ ِٓ وضبفخ اٌّبء اٌؼزة ثحٛاٌٝ 

Temperature (°C) Density (ρ , kg/m
3

) Specific Weight (ɣ, N/m
3

) 

0°(ice) 917 8996 

0° (water) 999 9800 

4 ° 1000 9810 

10° 999 9800 

20° 998 9790 

30° 996 9771 

40° 992 9732 

50° 988 9692 

60° 983 9643 

70° 978 9594 
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80° 972 9535 

90° 965 9467 

100° 958 9398 

 

Example 1-2  

A cylindrical water tank (see the figure) is suspended vertically by its 

sides. The tank has a 2-m diameter and is filled with 40°C water to 1 m in 

height. Determine the force exerted on the tank bottom. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3- Specific gravity (S.G), Relative density (R.D) انكثبفخ اننسجَخ:  

Specific gravity (S.G): the ratio of the specific weight of any liquid 

to that of water at 4°C. 

٘ٝ إٌغجخ ثيٓ ٚصْ حغُ ِؼيٓ ِٓ اٌغبئً اٌٝ ٚصْ ٔفظ اٌحغُ ِٓ اٌّبء ػٕذ دسعخ حشاسح 

 ِئٛيخ. 4
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S.G = R.D = ρlquid / ρwater  = ɣ lquid / ɣ water                   (no units)
                                                                                           

 

 

(for example S.G Hg = 13.60) 

 

Example 1-3  

Determine the specific weight, density and specific gravity of a liquid that 

occupies a volume of 200 lit. , and weighs 178 kg. Will this fluid float on 

the surface of an oil of specific gravity (0.8)? Provide results in SI units. 

 

Solution 

 

 

 

 

 

 

 

 

 

4- Surface Tension  انشذ انسطحي: 

 

Surface tension (σ): A liquid’s ability to resist tension. 

 ٘ٝ اٌخبصيخ اٌزٝ رّىٓ اٌغبئً ِٓ ِمبِٚخ اعٙبداد اٌشذ ػٍٝ عطحٗ.

The surface tension (σ) of a liquid is usually expressed in the units of force 

per unit length. 

 

At the interface between a liquid and a gas, i.e., at the liquid surface, and at 

the interface between two immiscible (not mix-able) liquids, the out-of-

balance attraction force between molecules forms an imaginary surface 

film, which exerts a tension force in the surface. This liquid property is 

known as surface tension. 

عّيغ عضيئبد اٌغبئً رزغبرة فيّب ثيٕٙب ثصٛسح ِزضٔخ ٌٚىٓ ػٕذ عطح اٌغبئً اٌّلاِظ ٌٍٙٛاء 

رىْٛ لٜٛ اٌزغبرة ِٓ أػٍٝ ِٚٓ اعفً غيش ِزضٔخ )ٚرخزٍف ِٓ عبئً لآخش(, ٚػٕذ رلاِظ 
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اٌغبئً ٌغطح ِب فئْ لٜٛ اٌشذ اٌغطحٝ رىْٛ ِزغبٚيخ ػٕذ عّيغ ٔمبغ رٌه اٌغطح, ٚرؤصش فٝ 

 غطح.ِغزٜٛ رٌه اٌ

 

 

 

 

 

 

 

 

 

 

 

 

Molecular forces قوى انجضٍئبد : 

Cohesion تجبرة:Cohesion enables a liquid to resist tensile stress (inner 

force between liquid molecules) اٌجؼط بلٜٛ اٌزغبرة رىْٛ ثيٓ عضيئبد اٌغبئً ثؼعٙ . 

Adhesion انتلاصق: adhesion enables it to adhere to another body (attraction 

force between liquids, and a solid surface). 

 .لٜٛ اٌزلاصك رىْٛ ثيٓ عضيئبد اٌغبئً ٚاٌغطح اٌصٍت اٌّلاِظ ٌٗ 
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4-1 Capillarity  انخبصَخ انشؼشٍخ: 

 

Capillary effect is the rise or fall of a liquid in a small-diameter tube. It 

is caused by surface tension. خبصيخ اسرفبع اٚ أخفبض اٌغٛائً فٝ الأٔبثيت اٌشؼشيخ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-2 Water droplets 
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Example 1-4  
 

Calculate the capillary effect in millimeters in a glass tube of 5 mm diam., 

when immersed in (i) water and (ii) in mercury (S.G. = 13.6). The 

temperature of liquid is 20° C and the values of surface tension of water 

and mercury at this temperature in contact with air are 0.0075 kg/m and 

0.052 kg/m respectively. The contact angle for water = 0 and for mercury 

= 130°. 

 

Solution 

 

In water:    

 

In mercury:  = -1.97 mm. 

 

Example 1-5  
 

Calculate the internal pressure of a 25 mm diameter soap bubble if the 

tension in the soap film is 0.5N/m. 

 

 

 

 

 

 

 

Solution 
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5- Viscosity انهضوجخ:  

Consider that oil fills the space between two parallel plates at a distance 

“y” a part. A horizontal force “F” is applied to the upper plate and moves 

it to the right at velocity “v” while the lower plate remains stationary. The 

shear force “F”  is applied to overcome the oil resistance “τ”, and it must 

be equal to “τ” because there is no acceleration involved in the process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The proportionally constant, μ , is called “dynamic viscosity of the fluid” 

“the absolute viscosity of the fluid”. 
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The perviouse equation is commonly known at Newton's law of viscosity. 

Most liquids abide by this relationship and are called Newtonian fluids. 

Liquids that do not abide by this linear relationship are known as non-

Newtonian fluids. These include most house paints and blood. 

 

 

 

 

 

 

 

 

 

 

 

The absolute viscosity has the dimension of “force per unit area (stress) 

times the time interval considered”. It is usually measured in the unit of 

“poise”. 

 

1 poise = 0.1 N • sec/m
2
  

 

 

6- Kinematic viscosity:  

Kinematic viscosity, ʋ, is obtained by dividing the absolute viscosity by 

the mass density of the fluid at the same temperature;  

 = / = M L-1 T-1/ M L-3 = L2 T-1
 

 

The kinematic viscosity unit is cm
2
/sec “Stoke” 
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The absolute viscosities and the kinematic viscosities of pure water and air 

are shown as functions of temperature in the next table. 

يلاحع أْ ِؼبًِ اٌٍضٚعخ ٌٍغٛائً يمً ِغ اسرفبع دسعخ اٌحشاسح ٚاٌؼىظ صحيح ِغ اٌغبصاد. 

فٝ  ثيّٕب, ٚعخ ٚرٌه لأْ صيبدح دسعخ اٌحشاسح فٝ اٌغٛائً يمًٍ ظب٘شح الاٌزصبق ٚرمًٍ اٌٍض

 اٌغبصاد رضيذ عشػخ اٌغضيئبد ٚثبٌزبٌٝ صيبدح رجبدي اٌضخُ ٚثبٌزبٌٝ اٌٍضٚعخ.

 

 Water Air 

Temperature Absolute Kinematic Absolute Kinematic 

(°C) Viscosity    Viscosity   Viscosity   Viscosity   

 N • sec/m
2

 cm
2

/sec N • sec/m
2

 cm
2

/sec 

0 1.781 x l0-
3

 .785 x 10-
6

 1.717 x 10-5 .329 x 10-
5

 

5 1.518 x l0-
3

 .519 x 10-6 1.741 x l0-
5

 .371 x l0-
5

 

10 1.307 x 10-
3

 .306 x l0-
6

 1.767x 10-
5

 .417 x l0-
5

 

15 1.139 x l0-
3

 1.139 x l0-
6

 1.793 x l0-
5

 .463 x 10-
5

 

20 1.002 x l0-
3

 1.003 x l0-
6

 1.817 x l0-
5

 .509 x 10-
5

 

25 0.890 x 10-
3

 3.893 x 10-
6

 1.840 x l0-
5

 .555 x10-
5

 

30 0.798 x l0-
3

 3.800 x 10-6 1.864 x 10-' .601 x 10-
5

 

40 0.653 x 10-
3

 3.658 x 10-6 1.910 x l0-
5

 .695 x 10-
5

 

50 0.547 x l0-
3

 1553 x 10-
6

 1.954 x l0-
5

 .794 x l0-
5

 

60 0.466 x 10-
3

 3.474 x 10-6 2.001 x 10-5 .886 x l0-
5

 

70 0.404 x 10-
3

 3.413 x 10-
6

 2.044 x l0-
5

 .986 x 10-
5

 

80 0.354 x 10-
3

 3.364 x I0-
6

 2.088 x 10-
5

  -.087 x 10-
5
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90 0.315 x l0-
3

 3.326 x l0-
6

 2.131 x l0-
5

  2.193 x l0-
5

 

100 0.282 x 10-
3

 1294 x 10-
6

 2.174 x l0-
5

  -.302 x l0-
5

 

 

Example 1-6  
 

A thin plate weighting 125gm takes 3.3 sec. to fall a distance of one meter 

in a liquid with a specific gravity of 0.9 between two vertical boundaries 

0.5 cm apart, the plate moves at a distance of 0.2 cm from one of them. If 

the surface area of the plate is 1.5 m
2
. What are the dynamic viscosity of 

the liquid in poise and the kinematic viscosity in stokes. 

 

 

 

 

 

 

 

 

 

 

Solution 
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7- Compressibility of liquids قبثهَخ انسوائم نلانضغبط: 

Compressibility (change in volume due to change in pressure) is inversely 

proportional to its volume modulus of elasticity (Bulk Modulus of 

Elasticity “K”). لبثٍيخ اٌزغيش فٝ اٌحغُ ٔزيغخ اٌزغيش فٝ اٌعغػ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Water is often considered incompressible, but it does have a finite, low 

compressibility. ش اٌّبء ػٍّيب عبئً غيش لبثً ٌلأعغبغ يؼزج   
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CHAPTER 2  

FLUID PRESSURE AND HYDROSTATIC FORCE 

 

2.1 Hydrostatic Pressure: 

 

 

  

 

 

 

 

 

 

 

 

 

For liquids at rest, the pressure at all points in a horizontal plane is the 

same. عّيغ إٌمبغ اٌزٝ رمغ فٝ ِغزٜٛ افمٝ ٚاحذ فٝ عبئً ٚاحذ ٌٙب ٔفظ اٌعغػ 

 

2.2 Absolute and Gage Pressures 

If the water body has a free surface that is 

exposed to atmospheric pressure, Patm. Point A is 

positioned on the free surface such that PA= Patm 

 

 

 
 

 

 

(P
B
 )

abs
= P

A
  + ɣ h = P

atm
 + ɣ h = absolute pressure 
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The difference in pressure heads at two points in liquid at rest is always 

equal to the difference in elevation between the two points.  

 

 

 
 

Gage pressure: is the pressure measured with respect to atmospheric 

pressure (using atmospheric pressure as a base). 

Atmospheric pressure: 

Patm = 10.33m high column of water = 10.33  = 10.33 x 1 x 9810 =  

       = 0.76m high column of Hg = 0.76 Hg = 0.76 x 13.60 x 9810   = 

       = 101.3 x 10
3
 N/m

2
 (Pa) ≈  1 x 10

5
 N/m

2
 (Pa) ≈ 1 bar 

       = 14.70 Ib/in
2
 = 2116 Ib/ft

2
  

 

Absolute pressure: Pabs = Pgage + Patm  

If “Pabs” is negative it is called “Vacum Pressure”. 

the water body has a free surface that is exposed to 

atmospheric pressure, Patm. Point A is positioned on 

the free surface such that PA= Patm 

 

Pressure head, h = P/ ɣ  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(P
B
 /) – (P

A
 /) = (h) 
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2.3 Pascal's law : 

Pascal's law states that the pressure intensity at a point in a fluid at rest is 

the same in all directions. 

 ِزغبٚيخ فٝ عّيغ الارغب٘بد عبوٓ ليّخ شذح اٌعغػ اٌٙيذسٚعزبريىٝ ػٕذ ٔمطخ ِؼيٕخ فٝ عبئً

 

Consider a small prism of fluid of unit thickness in the z-direction 

contained in the bulk of the fluid as shown below. Since the cross-section 

of the prism is equilateral triangle, P3 is at an angle of 45° with the x-axis. 

If the pressure intensities normal to the three surfaces are P1, P2, P3, as 

shown then since:- 

 

Force = Pressure x Area 

Force on face AB = P1 x (AB x I)  

                        BC = P2 x (BCx 1)  

                        AC = P3 x (ACx 1) 

Resolving forces vertically: 

P1 x AB = P3 x AC cos θ 

But      AC cos θ = AB     Therefore P1 = P3 

Resolving forces horizontally: 

P2 x BC = P3 x AC sin θ 

But         AC sin θ = BC     Therefore P2 = P3 

Hence P1 = P2 = P3,  

In words: the pressure at any point is equal in all directions. 

 

 

 

Pressure Variation in A static fluid 

 

For a static fluid, pressure varies only with elevation within the fluid.  This 

can be shown by consideration of equilibrium of forces on a fluid element 
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Newton's law (momentum principle) applied to a static fluid 

 F = ma = 0         for a static fluid 

 i.e., Fx = Fy = Fz = 0 

 

 Fz = 0 

 
pdxdy p

p

z
dz dxdy gdxdydz   ( )




 0

  

 




 

p

z
g   

  
Basic equation for pressure variation with elevation 

 

0
y

p

0dxdz)dy
y

p
p(pdxdz

0Fy














             

0
x

p

0dydz)dx
x

p
p(pdydz

0Fx














 

For a static fluid, the pressure only varies with elevation z and is constant 

in horizontal xy planes. 

فٝ حبٌخ اٌغٛائً اٌغبوٕخ رزغيش ليّخ اٌعغػ فٝ الارغبٖ اٌشاعٝ فمػ ثيّٕب رىْٛ صبثزخ فٝ اٌّغزٜٛ 

 الأفمٝ
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Pressure Variation for a Uniform-Density Fluid 

 




 

p

z
g   

 
p z    

 2 1 2 1p p z z     

Alternate forms: 

         1 1 2 2p z p z       

 p z    

  p z 0 0   

 i.e., p z   

p
z 

  

 

 

Pascal's Application: 

 

A small force F1 applied to a piston with a small  

area produces a much larger force F2 on the larger  

piston. This allows a hydraulic jack to lift heavy objects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 = constant for liquid 

constant 

constant              (piezometric pressure) 

gage 

increase linearly with depth  

constant                  (piezometric head) 
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Example 2-1  
 

The diameters of cylindrical pistons A and B are 3 cm and 20 cm, 

respectively. The faces of the pistons are at the same elevation and the 

intervening passages are filled with an incompressible hydraulic oil. A 

force “P” of 100 N is applied at the end of the lever, as shown in the 

figure. What weight “W” can the hydraulic jack support? 

 

 

 

 

 

 

 

 

 

Solution 

Balancing the moments produced by P and F, we obtain for the 

equilibrium condition. 
 
 
 
 

Thus, 
 

 

 

From Pascal's law, the pressure PA applied at A should be the same as that 

of PB applied at B. We may write 
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2.4 Free Surface of Water 

Free surface of liquid in a vessel may be subjected to: 

   - atmospheric pressure (open vessel) or,  

   - any other pressure that is exerted in the vessel (closed vessel). 
 

2.5 Surface of Equal Pressure  

- The hydrostatic pressure in a body of liquid varies with the vertical 

distance measured from the free surface of the water body. 

All points on a horizontal surface in the liquid have the same pressure. 

 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

2.6 Manometers: 

A manometer: Is a tube bent in the form of a U containing a fluid of 

known specific gravity. The difference in elevations of the liquid surfaces 

under pressure indicates the difference in pressure at the two ends. 

The liquid used in a manometer is usually heavier than the fluids to be 

measured. It must not mix with the adjacent liquids (i.e., immiscible 

liquids). 
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The most used liquids are:  

        - Mercury (specific gravity = 13.6),  

        - Water (sp. gr. = 1.00),  

        - Alcohol (sp. gr. = 0.9), and 

        - Other commercial manometer oils of various specific gravities. 

  

Two types of manometers: 

1. An open manometer: has one end open to atmospheric pressure and 

is capable of measuring the gage pressure in a vessel. 

 

 

 

 

 

 

 

 

 

 

2. A differential manometer: connects each end to a different pressure 

vessel and is capable of measuring the pressure difference between the two 

vessels.  

 Inverted U-tube manometer is used when there is a small pressure 

difference or a light liquid such as oil is used. 
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Example 2-2  
 

Determine the pressure difference P 

 

 

 

 

 

 

 

 

Solution 

 

 
 

The pressures at points 3 and 4 are, respectively, 

 
 

 

 

So that, 

 
 

and, 
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2.7 Hydrostatic Force on a plane Surface 

 

 

 

 

 

 

 

 

 

For a strip at depth h below the free surface: 

 

The differential force dF acting on the element dA is: 

 

Integrate both sides and note that   and   are constants, 

                                                                  

 

 

Location of Total Hydrostatic Force (Centre of Pressure) 

From the figure above, S is the intersection of the prolongation of the 

submerged area to the free liquid surface. Taking moment about point S. 

 

Aθ.sinγ dydF 

θsinγγ yhP 

hF A..γ

ydydFF
AA

θ.A.sinγAθsinγ   “first moment of area about point S” 

 dFyyF P.
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Where,  

           

          

          

  

 

 

 

 

Again from Calculus,    is called moment of inertia denoted by 

I.  Since our reference point is S, 

 

  

Thus, 

 

  

By transfer formula for moment of inertia  the formula 

for yp will become           or 

 

 

 

 From the figure above, ,   thus, the distance between 

“cg” and “cp” is 

 

Aθ.sinγ dydF 

hF A..γ
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Example 2-3  
 

Determine F and yP 

 

 

 

 

 

 

 

 

Solution 
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2.8 Hydrostatic Forces on Curved Surfaces 

For a curved surface, the pressure forces, being normal to the local area 

element, vary in direction along the surface and thus cannot be added 

numerically. The figure shows pressure distribution on a semi-cylindrical 

gate. 

 

 

 

 

 

 

 

 

 

 

 

 

فٝ ِشوضٖ,  ”F“ٌعغػ ػّٛديب ػٍٝ اٌغطح, فئرا وبْ اٌغطح دائشيب ِشد اٌّحصٍخ يؤصش ا

فيىْٛ ارغبٖ خشٚط اٌغبئً  curved surfaceٌّٚؼشفخ ارغبٖ اٌّحصٍخ ٔفزشض ٚعٛد صمت فٝ اٌـ 

   ٘ٛ ارغبٖ اٌّحصٍخ. ٚيزُ رحٍيً اٌّحصٍخ اٌٝ ِشوجزيٓ الأٌٚٝ أفميخ ٚالأخشٜ سأعيخ.

The resultant hydrostatic force is computed by considering the free-body 

diagram of a body of fluid in contact with the curved surface, as illustrated 

below. 

 

 

 

 

 

 
A 

B 

A 

B 
F 

A 

B 

F 

C 

W 

FCB 

FAC 

Free-
body 
diagram 
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The steps involved in calculating the horizontal and vertical components of 

the hydrostatic force F are as follows: 

 Summation of forces in the horizontal direction “FH” gives 

                                                      FH  =  FAC 

where FAC is the hydrostatic force on plane surface AC. It acts 

through the center of pressure of side AC. 

 curved surface٘ٝ ػجبسح ػٓ اٌمٜٛ اٌّؤصشح ػٍٝ اعمبغ اٌـ  ”FH“اٌّشوجخ الأفميخ 

 ػٍٝ ِغزٜٛ سأعٝ.

 Summation of forces in the vertical direction “FV”  gives 

                                                FV   =   W  +  FCB 

where W is the weight of the fluid (acting through the center of 

gravity) of the free-body diagram and FCB is the hydrostatic force 

(acting through the centroid) on the surface CB. 

 curved٘ٝ ػجبسح ػٓ ٚصْ اٌغبئً اٌّحصٛس ثيٓ اٌـ  ”FV“اٌّشوجخ اٌشأعيخ 

surface  ِٚغمطٗ ػٍٝ اٌـfree surface. 

 The line of action of “FV” is obtained by summing the moments 

about any convenient axis. 

 The overall resultant force is found by combining the vertical and 

horizontal components vectorialy: 

 

 

 The angle the resultant force makes to the horizontal is: 

 

 

 The position of “F” is the point of intersection of the horizontal 

line of action of “FH”  and the vertical line of action of “FV”  . 

 

22

VH FFF 









 

H

V

F

F1tan



FLUID MECHANICS – CT 104                              HIGHER TECHNOLOGICAL INSTITUTE 

Dr. Amir M. Mobasher 36 

Example 2-4  
 

Determine the total hydrostatic pressure and the center of pressure on the 3 

m long, 2m high quadrant gate in the shown figure. 

 

 

 

 

 

 

 

 

Solution 

The horizontal component is equal to the hydrostatic pressure force on the 

projection plane A
/
B. 
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CHAPTER 3 

FLUID MASSES SUBJECTED TO ACCELERATION 

 

3.1 Fluid Mass Subjected to Horizontal Acceleration: 

 

 

 

 

 

 Consider a tank felled with liquid moves towards the right side with 

a uniform acceleration “a”. 

 As the tank stats moving under the action of acceleration force, the 

liquid does not remain in horizontal level. 

 The liquid surface falls down on the direction of motion and rise up 

on the back side of the tank, the liquid surface makes angle “θ” with 

the horizontal. 

 Consider the equilibrium of a fluid particle a lying on the inclined 

free surface as shown in the figure. 

 

The force acting on the liquid particle 

are weight of the particle “W = mg” 

acting vertically downwards, 

accelerating force “F” acting toward 

right and normal pressure “P” exerted 

by the liquid. 
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Acceleration force           F = ma 

Resolving horizontally    P sin θ = F = ma                  (i) 

Resolving vertically        P cos θ = W = mg                (ii) 

Dividing Equation (i) to (ii) 

                                        P sin θ / P cos θ = ma / mg = a/g 

 

tan θ = a/g 

 

فئٔٗ  uniform velocityفٝ حبٌخ ػذَ ٚعٛد ػغٍخ أفميخ أٚ وبْ اٌغبئً يزحشن ثغشػخ ِٕزظّخ 

 فٝ اٌعغػ فٝ الارغبٖ الأفمٝ ٚيىْٛ اٌغطح أفميب رّبِبً. لا يٛعذ رغيش 

Now consider the equilibrium of the entire mass of the liquid. Let P1 and 

P2 are the hydrostatic pressure on the back side and front side of the tank. 

 

Net force P = P1- P2 

 

By Newton’s second law of motion, 

P = ma 

(P1-P2) = ma 
 

Example 3-1  
 

An open rectangular tank 3m long. 2.5m wide and 1.25m deep is 

completely filled with water. If the tank is moved with an acceleration of 

1.5m/s
2
, find the slope of the free surface of water and the quantity of 

water which will spill out of the tank. 
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Solution 

Slope of the free surface of water 

 

 

 

 

 

Quantity of water which will spill out of the tank  

From the above figure we can see that the depth of water on the front side,  

 

 

 Quantity of water which will spill out of the tank, 

 

 

 

 

3.2 Fluid Mass Subjected to Vertical Acceleration : 

Consider a tank containing liquid and moving vertically upwards with a 

uniform acceleration. Since the tank is subjected t an acceleration in the 

vertical direction only, therefore the liquid surface will remain horizontal. 

Now consider a small column of liquid of height h and area dA as shown 

in the figure. 
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The force acting on the liquid column s the weight of liquid column W 

acting vertically downwards, acceleration force F and pressure force 

exerted by the liquid on the column. 

Applying Newton’s second law of motion, 

Σ Fy = m ay 

P - W = m ay 

p.dA - γhdA   = γhdA / g. a 

p.dA = γhdA / g .a + γhdA 

p = γh (1 + a/g) 

, فئْ اٌعغػ يضداد غشديب  aإرا رحشن خضاْ ِحزٛيب ػٍٝ عبئً سأعيب إٌٝ أػٍٝ ثؼغٍخ ِٕزظّخ 

 ِغ صيبدح اٌؼغٍخ اٌشأعيخ ٚيظً عطح اٌغبئً أفميب ِب ٌُ يزؼشض ٌؼغٍخ أفميخ.

If the liquid is moving vertically downward with a uniform acceleration, 

the pressure will be, 

p = γh (1 -a/g) 

 

Example 3-2  
 

An open rectangular tank 4m long and 2.5m wide contains an oil of 

specific gravity 0.85 up to a depth of 1.5m. Determine the total pressure on 

the bottom of the tank, when the tank is moving with an acceleration of 

“g/2” m/s
2
       (i) vertically upwards         (ii) vertically downwards. 

 

Solution 

(i) Total pressure on the bottom of the tank, when it is vertically upwards: 

oil = 0.85 x 9810 = 8.34 KN/m
3
 

p = γh (1 + a/g) = 8.34 x 1.50 (1 + g/2g) = 18.765 KN/m
2 

Total pressure force on the bottom of the tank, 

P = 18.765 x (4 x 2.50) = 187.65 KN 
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(ii) Total pressure on the bottom of the tank, when it is vertically 

downwards: 

p = γh (1 - a/g) = 8.34 x 1.50 (1 - g/2g) = 6.255 KN/m
2 

Total pressure force on the bottom of the tank, 

P = 6.255 x (4 x 2.50) = 62.55 KN 

 

3.3 Accelerated along inclined plane: 

 

Consider a tank open at top, containing a liquid and moving upwards along 

inclined plane with a uniform acceleration as shown in the figure. 

 

 

 

 

 

 

 

We know that when the tank starts moving, the liquid surface falls down 

on the front side and rises up on the back side of the tank as shown in the 

figure. 
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Let,  

= Inclination of the plane with the horizontal  

= Angle, which the liquid surface makes with the horizontal, and  

a = Acceleration of the tank  

 

Acceleration force           F = ma 

Resolving horizontally    P sin θ = FH = F cos = m a cos(i) 

Resolving vertically        P cos θ = W+ FV = mg + m a sin(ii) 

Dividing Equation (i) to (ii) 

                                        P sin θ / P cos θ = m a cos / mg + m a sin  

                                        tan θ = a cos / g + a sin 
 

tan θ = aH/(g+aV) 

If the liquid is moving downward, 

tan θ = aH/(g-aV) 

where,  

aH = horizontal component of the acceleration  

aV = vertical component of the acceleration  

 

Example 3-3  

A rectangular box containing water is accelerated at 3 m/s
2
 upwards on an 

inclined plane 30 degree to the horizontal. Find the slope of the free liquid 

surface. 

Solution 

aH = 3 cos 30 = 2.598  m/s
2
   

aV = 3 sin 30 = 1.50  m/s
2
   



tan θ = 2.598/(9.81+1.50) = 0.2297 

θ = 12.94
0
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3.4 Uniform Rotation about Vertical Axis: 

When at rest, the surface of mass of liquid is horizontal at PQ as shown in 

the figure. When this mass of liquid is rotated about a vertical axis at 

constant angular velocity ω radian per second, it will assume the surface 

ABC which is parabolic. Every particle is subjected to centripetal force or 

centrifugal force “لٛح غبسدح ِشوضيخ” CF = mω
2
x which produces centripetal 

acceleration towards the center of rotation. Other forces that acts are 

gravity force W = mg and normal force N. 

 



 

 

 

 

 

 

 

 

Where tan θ is the slope at the surface of paraboloid at any distance x from 

the axis of rotation. 

 From Calculus, y’ = slope, thus 
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For cylindrical vessel of radius “r” revolved about its vertical axis, the 

height “h” of paraboloid is: 

 

 

 

 

 رفبعسالا× خ اٌمبػذح ِغبح½ حغُ اٌمطغ اٌّىبفئ اٌذٚسأٝ = 
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CHAPTER 4 

EQUILIBRIUM OF FLOATING BODIES  

 

 

4.1 Principle of Buoyancy 

The general principle of buoyancy is expressed in the Archimedes’ 

principle, which is stated as follows: 

“For an object partially or completely submerged in a fluid, there is a net 

upward force (buoyant force) equal to the weight of the displaced fluid”. 

تنص ػهي أنّ انجسم انمغموس كهَب أو جضئَب فٌ مبئغ ٍكون مذفوػب ثقوه إني  مَذطشقبػذح اس

وىزه انقوح تؼبدل وصن حجم انمبئغ انزً ٍضٍحو  تسمي "قوح انطفو" أو "قوح انتؼوٍم", ػهيأ

 .سم كهَب أو جضئَب ػهي انتشتَتانج

 

Weight of floating body (W) = Weight of liquid displaced (Fb) 

W = Fb 

b . Vb = w . Vsub 

S.G.w . LBD = w . LBhsub 

hsub = S.G.D        (in this example) 

 

 

 

 

 

                                     

Where Vsub is the displaced volume (see the figures below). 
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4.2 Stability of Floating Bodies 

Any floating body is subjected by two opposing vertical forces. One is the 

body's weight “W” which is downward, and the other is the buoyant force 

“Fb” which is upward. The weight is acting at the center of gravity “G” 

and the buoyant force is acting at the center of buoyancy “B”. 

فٝ اٌّشوض ”Fb“رؤصش لٛح اٌزؼٛيُ "اٌطفٛ" , ثيّٕب  ”G“فٝ ِشوض صمٍٗ  ”W“يؤصش ٚصْ اٌغغُ 

 , ٚرغّٝ ثّشوض اٌزؼٛيُ. ”B”إٌٙذعٝ ٌٍغغُ اٌّغّٛس

 

Center of Bouyancy "مشكض انطفو "انتؼوٍم: 
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 It is the point of application of the force of buoyancy on the body. 

 It is always the center of gravity of the volume of fluid displaced. 

“W” and “Fb” are always equal and if these forces are collinear, the body 

will be in upright position as shown below. 

The body may tilt from many causes like wind or wave action causing the 

center of buoyancy to shift to a new position“B
/
” as shown below. 

 

 

 

 

 

 

 

 

 

 

 

Metacenter “M”: is the intersection point of the axis of the body and the 

line of action of the buoyant force.  

 If “M” is above “G”, “Fb” and “W” will produce a righting moment 

“RM” which causes the body to return to its neutral position, thus 

the body is “stable”. ْيىْٛ اٌغغُ فٝ حبٌخ ارضا 

 If “M” is below “G”, the body becomes “unstable” because of the 

overturning moment “OM” made by “W” and “Fb”.  يىْٛ اٌغغُ غيش

 ِزضْ

 If “M” coincides with “G”, the body is said to be just stable which 

simply means critical “neutral”. يىْٛ اٌغغُ ِزؼبدي 
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 انخلاصخ:

ٚيىْٛ الارضاْ ٌزٌه  Gثبٌٕغجخ ٌٍٕمطخ  Mؼزّذ ػٍٝ ٚظغ إٌمطخ ٚظغ الارضاْ لأٜ عغُ غبف ي

 ٌٗ صلاس حبلاد وبٌزبٌٝ: 

 :إرا وبٔذ إٌمطخ  الاتضان مستقشM إٌمطخ  فٛقG ْحيش رٌٛذ اٌمٛرب ,W  ٚFb  َػض

 اصدٚاط يؼًّ ػٍٝ ارضاْ اٌّشوت.

   إرا وبٔذ إٌمطخ  مستقش:غَش الاتضانM  رحذ إٌمطخG ْحيش رٌٛذ اٌمٛرب ,W  ٚFb 

 ػضَ اصدٚاط يؼًّ فٝ ٔفظ ارغبٖ اٌؼضَ اٌخبسعٝ ٚثبٌزبٌٝ يؤدٜ اٌٝ أملاة اٌّشوت.

  إرا وبٔذ إٌمطخ  :متؼبدلالاتضانM ِ ٕطجمخ ػٍٝ إٌمطخG ْحيش رٌٛذ اٌمٛرب ,W  ٚFb 

ػضَ اصدٚاط يغؼً اٌؼضَ اٌّؼبوظ ِغبٚيب ٌٍصفش, ٚثبٌزبٌٝ يظً اٌّشوت ػٍٝ ِب ٘ٛ ػٍيٗ 

 ٚلا يؼٛد ٌٛظؼٗ الأصٍٝ ِشح أخشٜ.

 

The value of righting moment or overturning moment is given by 

 

 

 

The distance “MG” is called “metacentric height”. 

 

Metacentric hight “MG”: is the distance between the centre of gravity of 

a floating body ant the metacenter. 

 

 

 

Use (-) if “G” is above “B” and (+) if “G”  is below “B”.  

Note that: “M” is always above “B”. 

 

Value of “MB”: 
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Assume that the body is rectangular at the top view and measures “B” by 

“L” at the waterline when in upright position.  

The moment due to the shifting of the buoyant force is equal to the 

moment due to shifting of wedge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For small value of θ, tan θ ≡ sin θ and note that 1/12 LB
3
 = I, thus,  
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The formula above can be applied to any section. 

 Where 

v = volume of the wedge either immersion or emersion 

s = horizontal distance between the center of gravity of the wedges 

θ = angle of tilting 

I = moment of inertia of the waterline section of the body 

 

Some remarks about the weight of an object 

 The weight of an object in a fluid medium refers to the tension in the 

spring when the object is attached to a spring balance. 

 The weight (of the object) registered by the spring balance depends on 

the medium in which it is measured. [See the illustration below.] 

 The weight commonly referred to in daily use is the weight in air. 
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CHAPTER 5 

KINEMATICS OF FLUID FLOW 

 

 

5.1 Kinematics : 

Kinematics of fluid describes the fluid motion and its consequences 

without consideration of the nature of forces causing the motion. 

٘ٛ اٌؼٍُ اٌزٜ يٙزُ ثذساعخ اٌّٛائغ ِٓ حيش اٌغشػبد ٚخطٛغ الأغيبة دْٚ الأخز فٝ الاػزجبس 

 اٌّغشدح( لأٜ لٜٛ, ٚيّىٓ أْ يطٍك ػٍيٗ )ػٍُ اٌحشوخ

5.2 Difference between open-channel flow and the pipe flow:  

Pipe flow انسشٍبن في الأنبثَت انمغهقخ : 

  The pipe is completely filled with the fluid being transported. 

  The main driving force is likely to be a pressure gradient along the pipe. 

 ٌغشيبْ ػبدح رحذ ظغػ ٔبرظ ِٓ غٍّجخ أٚ خضاْ.يحذس ا 

 

 

 

 

Open-channel flow انسشٍبن في انقنواد انمفتوحخ: 

  Fluid flows without completely filling the pipe. 

  Gravity alone is the driving force, the fluid flows down a hill. 

شيبْ رحذ ٚيحذس ٘زا اٌغ ٍعغػ اٌغٜٛ,يىْٛ اٌعغػ ػٕذ اٜ ٔمطخ ػٍٝ اٌغطح اٌحش ِغبٚيب ٌ

 .رأصيش اٌغبرثيخ الأسظيخ
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5.3  Types of Flow أنواع انسشٍبن: 

 Steady and Unsteady flow انسشٍبن انمستقش وغَش انمستقش : 

The flow parameters such as velocity (v), pressure (P) and density (r) of a 

fluid flow are independent of time in a steady flow. In unsteady flow they 

are independent. 

  

 

 

 

 Uniform and non-uniform flow انسشٍبن انمنتظم وغَش انمنتظم:  

A flow is uniform if the flow characteristics at any given instant remain 

the same at different points in the direction of flow, otherwise it is termed 

as non-uniform flow. 

 

 

 

 

 

 

 فٝ اٌغشيبْ اٌّغزمش لا رزغيش اٌغشػخ أٚ اٌعغػ ػٕذ ٔمطخ ِحذدح ِغ اٌضِٓ. 

 فٝ اٌغشيبْ إٌّزظُ لا رزغيش اٌغشػخ ٚ شىً اٌغشيبْ ِٓ ٔمطخ إٌٝ أخشٜ. 

Examples of flow types: 

 

 

 

 

 

For a steady flow   0
ooo ,z,yx

tv

  0
ooo ,z,yx

tvFor an unsteady flow 

  0
ot

svFor a uniform flow 

For a non-uniform flow   0
ot

sv
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 Laminar and turbulent flow انسشٍبن انطجقي )انهضج( وانسشٍبن انمضطشة: 

Laminar flow )انسشٍبن انطجقي )انهضج 

The fluid particles move along smooth well defined path or streamlines 

that are parallel, thus particles move in laminas or layers, smoothly gliding 

over each other 

Turbulent flow انسشٍبن انمضطشة 

The fluid particles do not move in orderly manner and they occupy 

different relative positions in successive cross-sections. 

There is a small fluctuation in magnitude and direction of the velocity of 

the fluid particles 

Transitional flow انسشٍبن الانتقبني 

The flow occurs between laminar and turbulent flow 

 

  ٚ عذ ِٓ اٌزغبسة اٌّؼٍّيخ أْ اٌفبلذ فٝ اٌعبغػ يؼزّذ ػٍٝ ٔٛع اٌغشيبْ ً٘ ٘ٛ غجمٝ أَ ٚلذ 

 ِعطشة, ٚيزحذد ٔٛع اٌغشيبْ رجؼب ٌغٍٛن اٌغضيئبد أصٕبء حشوزٙب.
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 Reynolds Experiment: 

Reynold performed a very carefully prepared pipe flow experiment. 

Reynold found that transition from laminar to turbulent flow in a pipe 

depends not only on the velocity, but only on the pipe diameter and the 

viscosity of the fluid. 

 
 

Reynolds number is used to check whether the flow is laminar or 

turbulent. It is denoted by “Rn”. This number got by comparing inertial 

force with viscous force. 

 

 

 

Where 

 V: mean velocity in the pipe اٌغشػخ اٌّزٛعطخ [L/T] 

 D:  pipe diameter        لطش اٌّبعٛسح          [L] 

 :  density of flowing fluid          ًوضبفخ اٌغبئ [M/L
3
] 

ForcesViscous

ForcesInertialVDVD
Rn 
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 :  dynamic viscosity  اٌٍضٚعخ اٌذيٕبِيىيخ          [M/LT] 

 :  kinematic viscosity      اٌٍضٚعخ اٌىيّٕبريىيخ       [L
2
/T] 

عّغ "سيٌٕٛذ" وً ٘زٖ اٌؼٛاًِ ٚاٌزٝ رؤصش ػٍٝ رحذيذ ٔٛع اٌغشيبْ فٝ سلُ ٚاحذ غيش ليبعٝ 

 ٚثبٌزبٌٝ يصجح"سلُ سيٌٕٛذ" أوضش رؼجيشا ػٓ حبٌخ اٌغشيبْ.   ٚعّبٖ "سلُ سيٌٕٛذ".

The Kind of flow depends on value of “Rn” 

If Rn < 2000 the flow is Laminar 

If Rn > 4000 the flow is turbulent  

If 2000 < Rn < 4000 it is called transition flow. 
 

Laminar Vs. Turbulent flows 

 

  

 

 

 

 

 

 

 

 

 

 

 

يزعح ِٓ ِٕحٕٝ رٛصيغ اٌغشػبد أٔٗ فٝ حبٌخ اٌغشيبْ اٌطجمٝ رىْٛ ألصٝ عشػخ ػٕذ إٌّزصف 

بْ اٌّعطشة فيّىٓ ٚألً عشػخ ػٕذ عذاس اٌّبعٛسح ٚ٘ٝ ِغبٚيخ ٌٍصفش. أِب فٝ حبٌخ اٌغشي

ٚوٍّب صاد"سلُ سيٌٕٛذ"  رمغيُ اٌغشيبْ اٌٝ ِٕطمزيٓ: ِٕطمخ اٌطجمخ اٌٍضعخ ِٕٚطمخ الاظطشاة.

 وٍّب الزشة رٛصيغ اٌغشػبد ِٓ اٌشىً اٌّغزطيً )رٛصيغ ِٕزظُ(.

Laminar flows characterized by:  
• low velocities 

• small length scales 

• high kinematic viscosities 

• R
n
 < Critical R

n
 

• Viscous forces are dominant 

Turbulent flows characterized by 
• high velocities 

• large length scales 

• low kinematic viscosities 

• R
n
 > Critical R

n
 

• Inertial forces are dominant 
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Example 5-1  

40 mm diameter circular pipe carries water at 20
o
C. Calculate the largest 

flow rate (Q) which laminar flow can be expected. 

Solution 

 

 

 

 

 

 

 Streamlines and Streamtubes: 

Streamline "خظ انسشٍبن "انتذفق: 

A curve that is drawn in such a way that it is tangential to the velocity 

vector at any point along the curve. A curve that is representing the 

direction of flow at a given time. No flow across a stream line. 

 ٘ٛ رٌه اٌخػ اٌزٜ يؼجش ػٓ ارغبٖ حشوخ اٌغضيئبد اٌّٛعٛدح ػٍيٗ فٝ ٌحظخ صِٕيخ ِؼيٕخ.

 

 

 

 

 

Streamtube"أنجوة انسشٍبن "انتذفق : 

A set of streamlines arranged to form an 

imaginary tube. Ex: The internal surface of a 

pipeline. 

 

 ِغّٛػخ ِٓ خطٛغ  اٌغشيبْ رّضً فيّب ثيٕٙب أٔجٛة.

sec/1028.6)04.0(
4

05.0. 352 mAVQ 


sec/05.02000
101

)04.0(
2000

6
mV

VVD
Rn 
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 Compressible And Incompressible Flows: 

Incompressible Flow is a type of flow in which the density () is constant 

in the flow field.  

Compressible Flow is the type of flow in which the density of the fluid 

changes in the flow field.  

 Ideal and Real Fluids: 

a- Ideal Fluids 

  It is a fluid that has no viscosity, and incompressible 

  Shear resistance is considered zero 

  Ideal fluid does not exist in nature e.g. Water and air are assumed ideal 

b- Real Fluids 

  It is a fluid that has viscosity, and compressible 

  It offers resistance to its flow e.g. All fluids in nature 

ػٕذ دساعزٕب ٌغبئً ٔؼزجش اْ اٌغبئً غيش لبثً ٌلأعغبغ ِٚضبٌٝ ٚثزٌه ًّٔٙ لٜٛ الاحزىبن 

 صُ يزُ رصحيحٙب ثؼذ رٌه لأخز لٜٛ الاحزبن فٝ الاػزجبس.  ,اٌذاخٍٝ ٌٍحصٛي ػٍٝ ِؼبدلاد ثغيطخ

 Rotational And Irrotational Flows: 

Rotational flow is the type of flow in which the 

fluid particles while flowing along stream-lines also 

rotate about their own axis. 

Ir-rotational flow is the type of flow in which the 

fluid particles while flowing along stream-lines do 

not rotate about their own axis. 

 

 One, Two And Three Dimensional Flows: 

One-dimensional flow is the type of flow in which flow parameters (such 

as velocity, pressure, depth etc.) are a function of time and one space 

coordinate only. 

v = f(x, t) 
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e.g. Flow through a straight uniform diameter pipe 

The flow is never truly 1 dimensional, because viscosity causes the fluid 

velocity to be zero at the boundaries. 

 

 

 

 

 

 

 

Two-dimensional flow is the type of flow in which flow parameters 

describing the flow vary in two space coordinates and time. 

v = f(x, y, t) 

Streamlines in two-dimensional flow are curved lines on a plane and are 

the same on all parallel planes. An example is flow over a weir which 

typical streamlines can be seen in the figure below. 

 

 

 

 

 

Three-dimensional flow is the type of flow in which the flow parameters 

describing the flow vary in three space coordinates and time. 

v = f(x, y, z, t) 

Although in general all fluids flow three-dimensionally, with pressures and 

velocities and other flow properties varying in all directions, in many cases 

the greatest changes only occur in two directions or even only in one.  
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5.4 Volume flow rate – Discharge : 

The discharge is the volume of fluid passing a given cross-section per unit 

time. 

 
 
 
 

5.5  Mean Velocity: 

 

It is the average velocity passing a given cection.  

The velocity in the pipe is not constant across the cross section. Crossing 

the centreline of the pipe, the velocity is zero at the walls increasing to a 

maximum at the centre then decreasing symmetrically to the other wall. 

This variation across the section is known as the velocity profile or 

distribution.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.6  Continuity equation for Incompressible Steady flow  معادلة الاستمرار

 : للسريان المستقر

Cross section and elevation of the pipe are varied along the axial direction 

of the flow. 

 

 



FLUID MECHANICS – CT 104                              HIGHER TECHNOLOGICAL INSTITUTE 

Dr. Amir M. Mobasher 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)(.. '22'11 massfluidfluxmassdVoldVol   

Conservation law of mass 

Mass enters the 

 control volume 
Mass leaves the 

 control volume 

QVAVA
dt

dS
A

dt

dS
A

dt

dVol

dt

dVol

.......

..

2211
2

2
1

1

'22'11







 

QVAVA  2211 ..Continuity equation for  

Incompressible Steady flow 



FLUID MECHANICS – CT 104                              HIGHER TECHNOLOGICAL INSTITUTE 

Dr. Amir M. Mobasher 62 

ارا اعزّش اٌغبئً فٝ رذفمٗ خلاي ِغشٜ ِبئٝ ِب ِضً لٕبح أٚ ِبعٛسح ِٕزظّخ أٚ ِزغيشح اٌّمطغ فئْ 

خ اٌغبئً اٌّبسح خلاي ٚحذح اٌضِٓ رىْٛ ِزغبٚيخ ػٕذ عّيغ اٌمطبػبد خلاي اٌّغشٜ, ٚ٘زا وّي

 ٘ٛ ِب يؼشف ثّؼبدٌخ الاعزّشاس ٌٍغشيبْ اٌّغزمش.

 

Apply Newton‟s Second Law: 

 

 

 

 

Fx is the axial direction force exerted on the control volume by the wall of 

the pipe. 

 

 

 

 

 

 

 

5.7 Energy Head in Pipe Flow 

 

Water flow in pipes may contain energy in three basic forms: 

1- Kinetic energy غبلخ اٌحشوخ, 

2- potential energy غبلخ اٌٛظغ, 

3- pressure energy غبلخ اٌعغػ   . 

 

• Consider the control volume:  

• In time interval dt: 
 Water particles at sec.1-1 move to sec. 1`-1` with velocity V1. 

81 
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 Water particles at sec.2-2 move to sec. 2`-2` with velocity V2. 

To satisfy continuity equation: 

 
 
 
 

The work done by the pressure force: 

 
 

 

 

 

-ve sign because P2 is in the opposite direction to distance traveled ds2 

The work done by the gravity force: 
 

 

The kinetic energy:  
 

 

 

The total work done by all forces is equal to the change in kinetic energy:  

 

 

Dividing both sides by gQdt  

 

 

 

 

dtVAdtVA .... 2211 
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dtVAPdsAP ..... 222222 

……. on section 1-1 

……. on section 2-2 
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Notice that: 

  In reality, certain amount of energy loss (hL) occurs when the water 

mass flow from one section to another. 

  The energy relationship between two sections can be written as:  
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Calculation of Head (Energy) Losses انطبقخ انمفقودح : 

When a fluid is flowing through a pipe, the fluid experiences some 

resistance due to which some of energy (head) of fluid is lost. 

 

 

 

 

 

 

 

 

 

يّىٓ رمغيُ اٌفٛالذ فٝ اٌعبغػ اٌٝ ٔٛػيٓ: الأٌٚٝ ٚ٘ٝ فٛالذ سئيغيخ ٔبرغخ ػٓ الاحزىبن ػٍٝ 

, ٚاٌضبٔيخ فٛالذ صبٔٛيخ ٔبرغخ ػٓ ٚعٛد ػبئك فٝ اٌّغشٜ أٚ ٔزيغخ رغيش شىً اٌّغشٜ غٛي

 اٌّغشٜ. 
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5.8 Applications of Bernoulli's Equation:  

- Discharge through a Venturimeter مقياس فنشورى:   

  

The Venturi meter is a device for measuring discharge in a pipe. It 

consists of a rapidly converging section which increases the velocity of 

flow and hence reduces the pressure. It then returns to the original 

dimensions of the pipe by a gently diverging “diffuser” section. By 

measuring the pressure differences the discharge can be calculated.  

 ٘ٛ عٙبص يغزخذَ ٌميبط اٌزصشف اٌّبس فٝ الأٔبثيت ػٓ غشيك ِؼشفخ فشق اٌعغػ ثيٓ اٌمطبػيٓ

 

 

 

 

 

 

 

 

 

Let d1 = diameter at the inlet (section 1) 

p1 = pressure at section 1 

v1 = velocity at section 1 

A1= area at section1 

d2, p2, v2, A2 are the corresponding values at the throat (section 2) 

Applying Bernoulli’s equations at sections 1 and 2, we get 
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As pipe is horizontal z1=z2 

 

 

 

 

 

Where “h = ( p1-p2)/ ρg” difference of pressure heads at sections 1 and 2. 

From the continuity equation at sections 1 and 2, we obtain 

 

 

 

 

 

 

 

 

 

 

 

Note that the above expression is for ideal condition and is known as 

theoretical discharge. Actual discharge will be less than theoretical 

discharge 

 

 

 

Cd is the coefficient of venturimeter and its value is always less then 1 



FLUID MECHANICS – CT 104                              HIGHER TECHNOLOGICAL INSTITUTE 

Dr. Amir M. Mobasher 68 

Expression of „h‟ given by differential U-tube manometer: 

Case 1: The liquid in the manometer is heavier than the liquid flowing 

through the pipe: 

 

 

 

Case 2: The liquid in the manometer is lighter than the liquid flowing 

through the pipe: 

 

 

 

- Orifice meter مقياس الفتحة:  

Orifice meter: is a device used for measuring the rate of flow of a fluid 

flowing through a pipe. 

 It is a cheaper device as compared to venturimeter. This also works on 

the same principle as that of venturimeter. 

 It consists of flat circular plate which has a circular hole, in concentric 

with the pipe. This is called “orifice”. 

 The diameter of orifice is generally 0.5 times the diameter of the pipe 

(D), although it may vary from 0.4 to 0.8 times the pipe diameter. 
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Let d1 = diameter at the inlet (section 1) 

p1 = pressure at section 1 

v1 = velocity at section 1 

A1= area at section1 

d2, p2, v2, A2 are the corresponding values at the throat (section 2) 

Applying Bernoulli’s equations at sections 1 and 2, we get 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Let A0 is the area of the orifice. 

 

 

By continuity equation, we have 
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Thus, discharge, 

 
 
 
 
 
 
 
 

If Cd is the co-efficient of discharge for orifice meter, which is defined as 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hence, 

 
 
 
 
 
 
 
 
 

The coefficient of discharge of the orifice meter is much smaller than that 

of a venturimeter. 
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- Pitot tube : 

Orifice meter: is a device used for measuring the velocity of flow at any 

point in a pipe or a channel. 

 Principle: If the velocity at any point decreases, the pressure at that point 

increases due to the conservation of the kinetic energy into pressure 

energy. 

 In simplest form, the pitot tube consists of a glass tube, bent at right 

angles. 

 أٔجٛة ثيزٛد يغزخذَ ٌميبط عشػخ الأغيبة ػٓ اٜ ٔمطخ. 

 

Let p1 = pressure at section 1 

p2 = pressure at section 2 

v1 = velocity at section 1 

v2 = velocity at section 2 

H = depth of tube in the liquid 

h = rise of liquid in the tube  

       above the free surface 

Applying Bernoulli’s equations at sections 1 and 2, we get 
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This is theoretical velocity. Actual velocity is given by 

 

 

 

Cv is the coefficient of pitot-tube. 
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SOLVED PROBLEMS 
 
 

 

 

 

 
 

 

 

 
 



FLUID MECHANICS – CT 104                              HIGHER TECHNOLOGICAL INSTITUTE 

Dr. Amir M. Mobasher 74 

CHAPTER 1  

UNITS AND DIMENSIONS & FLUID PROPERTIES 

 

 

Problem 1-1: Identify the dimensions and units for the following 

engineering quantities and terms (in British, and SI units): Density (ρ), 

specific weight (γ), specific gravity (S.G.), discharge (Q), surface tension 

(σ), shear stress (τ), pressure intensity (p), pressure head (p/γ), dynamic 

viscosity (μ), kinematic viscosity (ν), Linear momentum, angular velocity 

(ω),Reynolds number (Rn= ρVD/μ), Froude number (Fn= V/√gY). 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 1-2: Convert the following: 

a) A discharge of 20 ft
3
/min. to lit/sec. 

b) A force of 10 poundals to dynes. 

c) A pressure of 30 lb / inch
2
 to gm/cm

2
. 

d) A specific weight of 62.4 lb / ft
3
 to kg/lit. 

e) A density of 7 gm / cm
3
 to slug / ft

3
. 

f) A dynamic viscosity of 25 dyne.sec/ cm
2
 to lb.sec/ ft

2
 . 

g) A dynamic viscosity of 10 gm / cm.sec to slug / ft.sec 
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Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 1-3: Determine the specific weight, density and specific gravity 

of a liquid that occupies a volume of 200 lit., and weighs 178 kg. Will this 

liquid float on the surface of an oil of specific gravity (0.8)? Provide 

results in SI units. 

Solution 
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Since S.G of fluid (0.89) is higher than SG of oil (0.80) so the fluid will 

not float over the oil (Higher S.G. means denser fluid) 

 

Problem 1-4: Calculate the capillary rise in mm in a glass tube of 6 mm 

diameter when immersed in (a) water, and (b) mercury, both liquids being 

at C
0
 20. Assume σ to be 73×10

−3
 N/m for water and 0.5 N/m for mercury. 

The contact angle for water and mercury are zero and 130
0
 respectively. 

 

Solution 

 

 

 

 

 

 

 

 

 

Problem 1-5: Calculate the internal pressure of a 25 mm diameter soap 

bubble if the surface tension in the soap film is 0.5 N/m. 

 

Solution 

 

 

 

 

 

Problem 1-6: The velocity distribution of a viscous liquid (μ = 0.9 N.s 

/m
2
) over a fixed boundary is approximately given by: v = 0.68y - y2 in 

which y is the vertical distance in meters, measured from the boundary and 

v is the velocity in m/s. Determine the shear stress at the boundary and at 

the surface (at y = 0.34m), sketch the velocity and shear stress profiles for 

the given flow. 
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Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 1-7: A square plate of 60 cm side slides down a plane inclined at 

30
0
 to the horizontal at a uniform speed of 10 cm/s. The plate weighs 3 kg 

and a thin oil film of thickness 1.5 mm fills the spacing between the plate 

and the plane. Find the viscosity of the filling oil and the shear at both 

surfaces. 

Solution 
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Problem 1-8: A 25 mm diameter steel cylinder falls under its own weight 

at a uniform rate of 0.1 m/s inside a tube of slightly larger diameter. Castor 

oil of viscosity 0.25N.s/m
2
 fills the spacing between the tube and the 

cylinder. Find the diameter of the tube. (specific weight of steel = 7.8 

t/m
3
). 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 1-9: A rotating-cylinder viscometer consists of two concentric 

cylinders of diameters 5.0 cm and 5.04 cm, respectively. Find the viscosity 

of the tested oil which fills the gap between both cylinders to a height of 

4.0 cm when a torque of 2 x 10
5
 dyne.cm is required to rotate the inner 

cylinder at 2000 rpm. 
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Solution 
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Problem 1-10: A flat circular disk of radius 1.0 m is rotated at an angular 

velocity of 0.65 rad/s over a fixed surface. Find the power required to 

rotate the disk if an oil film of viscosity 0.15 poise and thickness 0.5 mm 

separates the disk from the surface. Sketch (with values) the shear stress 

distribution along a radius of the disk. 

 

Solution 

 

 

Assume linear velocity distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shear stress distribution along the radius of the disk: 
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Problem 1-11: The pressure exerted on a liquid increases from 500 to 

1000 kpa. The volume decreases by 1%. Determine the bulk modulus of 

the liquid. 

 

Solution 
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CHAPTER 2  

FLUID PRESSURE AND HYDROSTATIC FORCE 

 

 

Problem 2-1: For the tank shown in Fig. (1), calculate the pressure in KPa 

at points A, B, C, and D. 

 

 

 

 

 

 

 

 

 

Solution 
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Problem 2-2: The pressure gage in the tank shown in Fig. reads 1.5 KPa. 

Determine the elevations of the liquid levels in the open piezometer tubes 

B and C. 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 2-3: For the pipes shown in Fig. (3), determine the absolute and 

gage pressures at the center of each pipe (A) in N /m
2
. Find the pressure 

head in each the pipe expressed in terms of meters of water. 
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Solution 
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Problem 2-4: Determine the pressure difference between pipes A and B in 

the setup shown in the Fig. 

 

 

 

 

 

 

 

 

 

 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 2-5: Gate AB in Fig. (5) is 6 m wide and weighs 2 tons. It is 

hinged at B and rests against a smooth wall at A. Determine the water 

level h at which the gate will start to open. 
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Solution 

Use pressure distribution method since the gate is rectangular shape. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 2-6: Find the minimum value of Z for which the gate shown in 

Fig. will rotates counterclockwise if the gate is (a) rectangular, 1.2 by 1.2 

m; (b) triangular, 1.2 m base as axis of motion, height 1.2 m. 
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Solution 

a. The gate is Rectangular 

Use pressure distribution method since the gate is of a planar rectangular 

shape. 

For the gate to rotate at B, then the reaction at A is equal to zero 
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b. The gate is Traiangular 

Use general law method. 

For the gate to rotate at B, then the reaction at A is equal to zero 
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Problem 2-7: (a) A circular butterfly gate pivoted about a horizontal axis 

passing through its centroid is subjected to hydrostatic thrust and 

counterbalanced by a force F, applied at the bottom as shown in Fig. (7). If 

the diameter of the gate is 4 m and the water depth is 1 m above the gate. 

Determine the force F, required to keep the gate in position. 

(b) If the gate is to retain water to its top level on the other side also, 

determine the net hydrostatic thrust on the gate and suggest the new 

condition for the gate to be in equilibrium. 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The resultant force passing through the pivot and the gate is in 

equilibrium. 
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Problem 2-8: Find the magnitude and location of the resultant force on the 

cylindrical arc shown in the Fig. if Pg = 120.11 KPa (abs) and the arc is 

25m long (normal to the paper). 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 
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Problem 2-9: The cylindrical dome shown in the Fig. is 10 m long and is 

secured to the top of a tank by bolts. If the pressure gauge reads 2.42 bar, 

and the tank is full of oil (0.86), calculate the total tension force carried by 

the bolts. Neglect own weight of dome. 

 

Solution 

 

 

 

 

 

 

 

 

 

Problem 2-10: The cylinder shown in the Fig. retains oil from one side 

and water from the other side. Determine the resultant hydrostatic thrust on 

the cylinder per unit length and its inclination to the vertical. 

 

 

 

 

 

 

 

 

 

 

Solution 
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Problem 2-11: The log shown in the Fig. retains oil and water. Determine 

the resultant hydrostatic thrust pushing the log against the wall per unit 

length. Also find the specific gravity of the log material, assuming the 

reaction of the wall is normal to the log surface. 

 

 

 

 

 

 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 
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CHAPTER 3 

FLUID MASSES SUBJECTED TO ACCELERATION 

 

 

Problem 3-1: An open rectangular tank is 2m long, 1m wide, and 1.5m 

deep. If the tank contains gasoline to a depth of 1m, calculate the 

maximum horizontal acceleration with which the tank can move without 

spilling any gasoline. Find the amount of gasoline retained in the tank 

when it is accelerated at double the previous value. 

 

Solution 
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Problem 3-2: A closed rectangular tank 1.2 m high, 2.5 m long, and 1.5 

wide is filled with water. The pressure at the top of the tank is raised to 60 

KN/m
2
. Calculate the pressure at the corners of this tank when it is 

decelerated horizontally along the direction of its length at 5 m/s
2
. 

Calculate the forces on both ends of the tank and check their difference by 

Newton's law. 

 

Solution 
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Problem 3-3: A closed rectangular tank 6m long, 2m wide and 2m deep is 

partially filled with oil (0.9) to a depth of 1.5 m under a pressure of 0.4 

bar. Determine the maximum acceleration with which the tank can move 

in the direction of its length if a safety valve that withstands a maximum 

pressure of 60 KN/m
2
 is fitted at the center of its rear end. 

 

 

 

 

 

 

 

 

Solution 
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Problem 3-4: A closed cubic box of side 2.0 m contains water to a depth 

of 1.0 in. calculate the pressure force on the top and the bottom sides of the 

tank if it moves with horizontal acceleration of 19.6 m/s
2
. Sketch the water 

surface and the pressure distributions on the four sides. 

 

Solution 
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Problem 3-5: Find the force on the bottom side of the tank in problem 3-4, 

when the tank moves with the same acceleration, but in the vertical 

direction: 1) upwards,         2) downwards. 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 3-6: A 375 mm high opened cylinder, 150 mm diameter is filled 

with water and rotated about its vertical axis at an angular speed of 33.5 

rad/s. Determine the depth of water in the cylinder when brought to rest.   

Find the volume of water that remains in the cylinder if the speed is 

doubled. 

Solution 
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Problem 3-7: A cylindrical tank of 1.0 m diameter, 2.0 m height contains 

water to a depth of 1.5 in. if the tank is to rotate around its vertical axis, 

what is the range of the angular velocity () would cause spilling of water 

but would not uncover the base. 

 

Solution 
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Problem 3-8: A closed cylindrical tank 2-m long, 1-m diameter is partially 

filled with water to 1.5 m depth. The pressure at the water surface is 40 

KN/m
2
. If the tank is rotated about its vertical axis with an angular velocity 

of 12 rad/s, determine the pressure at the bottom of the tank; at its center, 

and edge. Also calculate the force on the top of the tank. 

 

Solution 
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Problem 3-9: A closed cylindrical tank 2m high and 1 m diameter is filled 

with glycerin (1.25) under pressure of 2 t/m
2
. The tank is rotated about its 

vertical axis at a rate of 2000 rpm. If the top plate of the tank is connected 

to the cylinder by means of rivets that withstand a force of 50 KN, find the 

number of rivers required to hold the top plate to the cylinder. 

 

Solution 
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CHAPTER 4 

EQUILIBRIUM OF FLOATING BODIES  

 

Problem 4-1: A body is weighed twice while suspended in two different 

fluids of specific gravities 0.85 and 1.6. If the balance readings are 30 and 

18 kg. Determine the density of the body. 

 

Solution 
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Problem 4-2: A cylinder of specific gravity 0.95 and length 80 cm floats 

with its axis vertical in a vessel containing oil of specific gravity 0.84 and 

water. If it is required that the cylinder become totally immersed, what 

should he the minimum depth of oil required to satisfy this condition. 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

Problem 4-3: A rectangular tank has dimensions 120 x 66 x 60-cm and 

weighs 1410 N. If the tank is allowed to float in fresh water, will the 

equilibrium be stable when the 60 cm edge is vertical? 

 

Solution 
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Problem 4-4: A hollow wooden cylinder of specific gravity 0.60 has an 

outer diameter 0.80 m. an inner diameter 0.40 m, and opened at its ends. It 

is required to float in oil of specific gravity 0.85, calculate the maximum 

height of the cylinder keep it floating with its axis vertical. 

 

Solution 
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Problem 4-5: Check the stability of the floating unit in the shown fig. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 
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Problem 4-6: A rectangular pontoon 10.3m long, 7.3m wide, and 2.4 m 

deep has a displacement weight of 74 tons. If an empty cylindrical boiler 

of 5.5m diameter and 10.3m long is mounted on its deck, check the 

stability of the system while floating in sea water (1.03), when the boiler's 

axis is: a) horizontal (parallel to pontoon axis), b) vertical. The boiler 

weighs 70 Ions. 

 

Solution 
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CHAPTER 5 

KINEMATICS OF FLUID FLOW 

 

 

Problem 5-1: Determine the type of flow in a 305 mm diameter pipe when 

a) Water flows at average velocity of 1.0 m/sec and ν = 1.13 x 10
-6

 m
2
/sec. 

b) Glycerin flows at a rate of 1.8 lit/min having ρ = 1260 kg/m
3
 and           

μ = 0.9 N.s/m
2
. 

 

Solution 
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Problem 5-2: Oil of specific gravity 0.9 flows through a vertical pipe of 

diameter 5 cm. A pressure gauge reads 6 kg/cm
2
 while another gauge 20 m 

higher reads 2 kg/cm
2
. Find the direction of flow and the head losses. 

 

Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 5-3: A tank where the water level is 25.0 m above an arbitrary 

datum feeds a pipeline AB ending at B with a nozzle 4.0 cm diameter. Pipe 

AB is 15.0 cm diameter with point A being 20.0 m above datum and point 

B at datum. Find:  

i) The discharge through the pipeline, the pressures and water velocities 

at A & B.  

ii) If friction losses in the nozzle are 0.5 m, and between A & B are 5.0 

m, resolve (i) and plot the hydraulic gradient and total energy lines.  
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Solution 
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Problem 5-4: Water (assumed frictionless and incompressible) flows 

steadily from a large tank and exits through a vertical constant diameter 

pipe as shown in Fig. (1). Air in the tank is pressurized to 50 kN/m
2
. 

Determine: (i) the height (h) to which water rises, (ii) the water velocity in 

the pipe, and (iii) the pressure in the horizontal part of the pipe.  

.  

 

 

 

 

 

 

 

 

Solution 
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Problem 5-5: Water flows through the pipe contraction shown in the Fig. 

For the given difference in peizometer levels, determine the flow rate as a 

function of the diameter of the small pipe, D.  

 

.  

 

 

 

 

 

 

 

 

 

Solution 

 

 

 

 

 

 

 

 

 

 
 

Problem 5-6: A siphon filled with oil of specific gravity 0.8 discharges 

220 lit/s to the atmosphere at an elevation of 3.0 m below oil level. The 

siphon is 0.2 m in diameter and its invert is 5.0 m above oil level. Find the 

losses in the siphon in terms of the velocity head. Find the pressure at the 

invert if two thirds of the losses occur in the first leg.  

 

 



FLUID MECHANICS – CT 104                              HIGHER TECHNOLOGICAL INSTITUTE 

Dr. Amir M. Mobasher 116 

Solution 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 5-7: A 5.0-cm diameter orifice (Cd = 0.6) discharges water from 

tank A to tank B as shown in the Fig. The vacuum gauge in tank B reads 

0.65 Kg/cm
2
 below atmospheric pressure, while the air pressure above oil 

in tank A is 70 KN/m
2
, find the discharge from the orifice and the distance 

(L).  
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Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 5-8: The velocity of water in a pipe 10.0 m diameter is 3.0 m/s. 

At the end of the pipe there is a nozzle the velocity coefficient of which is 

0.98. If the pressure in the pipe is 0.7 kg/cm
2
, find the jet diameter, the rate 

of flow, and the power lost due to friction in the nozzle.  

 

Solution 
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Problem 5-9: Water issues from a 10.0-cm diameter circular sharp edged 

orifice under a head of 12.0 m. If a volume of 13.6 m
3
 is collected in 3 

minutes, what is the coefficient of discharge? If the diameter of the jet at 

the venacontracta is 8.0-cm what are the values for Cv & Cc?  
 

Solution 
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Problem 5-10: A horizontal venturi-meter carries a liquid (S.G.= 0.8) and 

has an inlet to throat diameters of 15 / 7.5 cm. If the actual discharge is 40 

l/s, and Cd = 0.96, find:  

i)the pressure difference between the inlet and the throat, ii) the deflection 

in the mercury U-tube manometer connecting these points, and iii) the 

energy lost between the inlet and the throat. Also sketch the H.G.L. and 

the T.E.L. for the system.  

 

Solution 
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Problem 5-11: A venturi-meter is installed in a 30 cm diameter vertical 

pipe conveying oil of S.G. = 0.9. The throat diameter is 15.0 cm and the 

flow being upward. The difference in elevation between the throat and 

inlet is 30.0 cm. A mercury manometer connected to the venturi registers a 

deflection of 20.0 cm. If Cd = 0.96, calculate the discharge and the 

pressure difference between the inlet and throat. If the discharge remains 

constant while the pipe is shifted to the horizontal position, how will the 

reading of the manometer be affected?  

 

Solution 

 

 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

When the pipe is shifted to the horizontal position with the same discharge 

the reading of the manometer will not be affected. 
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Problem 5-12: An orifice-meter having a 0.15/0.075 m pipe to orifice 

diameters and Cd = 0.65 is used in measuring the flow of water in a pipe. If 

a U-tube mercury differential manometer gives 0.31 m deflection when 

connected to the meter, find the rate of flow. What is the maximum 

possible rate of flow of water if the pressure at inlet to the meter is 

maintained at 3.6 KN/m
2
 and its vapor pressure is 1.8 KN/m

2
 abs.  

 

Solution 
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Problem 5-13: A pitot-tube is placed in a pipe carrying water. A mercury 

differential pressure gauge reads 10.0 cm. Assuming Cv = 0.99, what is the 

velocity of water in the pipe? If the problem is reversed and mercury is 

flowing in the pipe and water is used in the inverted differential gauge 

with the same reading, what would be the velocity of mercury in the pipe?  

 

Solution 
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ASSIGNMENTS 
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ASSIGNMENT 1 

UNITS AND DIMENSIONS & FLUID PROPERTIES 

 

 

Q1: Using dimensional analysis, put down the dimensions and units in the 

engineering systems {pound (Ib), foot (ft), second (s)} and 

{kilogram (kg), meter (m), second (s)} for the following engineering 

quantities: 

 Density (ρ), specific weight (γ), surface tension (σ), pressure 

intensity (p), dynamic viscosity (µ), kinematic viscosity (υ), 

energy per unit weight, power, liner momentum, angular 

momentum, shear stress (τ).  

 

 

Q2: Show that the following terms are dimensionless:  

 

 
 

 

Q3: Find the dimensions for the following terms:  

 

 
 

 

Q4: Convert the following terms:  

 

 γ = 1000 kg/m
3
                to          Ib/ft

3
 

 g = 9.81 m/sec
2
                to          ft/sec

2
 

 p = 7 kg/cm
2
                     to          N/m

2
  

 γ = 710 dyne/cm
3
             to          Ib/ft

3
, N/m

3
 

 µ = 4640.84 poise            to           Ib.sec/ft
2
, Pa.sec 

 

Q5: What is the diameter of a spherical water drop if the inside pressure is 

15 N/m
2
 and the surface tension is 0.074 N/m. 
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Q6: The pressure within a bubble of soapy water of 0.05 cm diameter is 

5.75 gm/cm
2
 greater than that of the atmosphere. Calculate the 

surface tension in the soapy water in S.I. units. 

 

Q7: Calculate the capillary effect in millimeters in a glass tube of 4 mm 

diam., when immersed in (i) water and (ii) in mercury. The 

temperature of liquid is 20
o
 C and the values of surface tension of 

water and mercury at this temperature in contact with air are 0.0075 

kg/m and 0.052 kg/m respectively. The contact angle for water = 0 

and for mercury = 130°. 

 

Q8: To what height will water rise in a glass tube if its diameter is (σ = 

0.072 N/m) 

                  a) 1.50 cm                                    b) 2.0 mm 

 

Q9: The space between a square smooth flat plate (50 x 50) cm
2
, and a 

smooth inclined plane (1:100) is filled with an oil film (S.G. = 0.9) 

of 0.01 cm thickness. Determine the kinematic viscosity in stokes if 

the plate is 2.3 kg. The velocity of the plate = 9 cm/sec. 

 

 

 

 

 

 

 

 

 

 

 

 

Q10: For the shown figure, Calculate the friction force if the plate area is 

(2m x3m) and the viscosity is 0.07 poise. 
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Q11: A piston 11.96 cm diameter and 14 cm long works in a cylinder 12 

cm diameter. A lubricating oil which fills the space between them 

has a viscosity 0.65 poise. Calculate the speed at which the piston 

will move through the cylinder when an axial load of 0.86 kg is 

applied. Neglect the inertia of the piston. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q12: A piece of pipe 30 cm long weighting 1.5 kg and having internal 

diameter of 5.125 cm is slipped over a vertical shaft 5.0 cm in 

diameter and allowed to fall under its own weight. Calculate the 

maximum velocity attained by the falling pipe if a film of oil having 

viscosity equals 0.5 Ib.s/ft
2
 is maintained between the pipe and the 

shaft. 
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Q13: A cylinder of 0.12 m radius rotates concentrically inside of a fixed 

cylinder of 0.122 m radius. Both cylinders are 0.30 m long. 

Determine the viscosity of the liquid which fills the space between 

the cylinders if a torque of 1 N.m is required to maintain an angular 

velocity of 2 rad/s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q14: The thrust of a shaft is taken by a collar bearing provided with a 

forced lubrication system. The lubrication system maintains a film of 

oil of uniform thickness between the surface of the collar and the 

bearing. The external and internal diameters of collar are 16 and 12 

cms. respectively. The thickness of oil film is 0.02 cms. and 

coefficient of viscosity is 0.91 poise. Find the horse-power lost in 

overcoming friction when the shaft is rotated at a speed of 350 r.p.m. 
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ASSIGNMENT 2 

 FLUID PRESSURE AND HYDROSTATIC FORCE 

 

Q1: A tank full of water as shown below. Find the maximum pressure, and h. 

 

 

 

 

 

 

 

 
Q2: A tank full of water and oil (S.G = 0.80), as shown. Find the pressure at 

the oil/water interface and the bottom of the tank. 
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Q3: For the shown figure, find the pressure (P1) if the pressure  (P2) = 60 

KPa (abs)? 

 

 

 

 

 

Q4: If the pressure at point (B) = 300 KPa as shown in figure, find the 

followings: 

             a) The height (h)                b) The pressure at point (A)? 

 

 

 

 

 

 

 

Q5: For the shown figure, where is the maximum pressure (PAB or PBC)? 
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Q6: For the shown figure, what is the difference in pressure between points 

1,2? 

 

 

 

 

 

 
Q7: Pressure gage B is to measure the pressure at point A in a water flow. If 

the pressure at B is 9 t/m
2
, estimate the pressure at A. 

 

 

 

 

 

 

 

Q8: For the shown figure, what is the difference in pressure between points 

A, B? 
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Q9: For the shown figure, what is the pressure at gauge dial Pg? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q10: For the shown hydraulic press, find the force (F) required to keep the 

system in equilibrium. 
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Q11: A vertical triangular gate with water on one side is shown in the figure. 

Calculate the total resultant force acting on the gate, and locate the 

center of pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q12: In the shown figure, the gate holding back the oil is 80 cm high by 120 

cm long. If it is held in place only along the bottom edge. What is the 

necessary resisting moment at that edge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q13: In the shown figure, the gate holding back the water is 6 ft wide. If it is 

held in place only along the bottom edge. What is the necessary 

resisting moment at that edge. 
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Q14: (A) Find the magnitude and line of action of force on each side of the 

gate.    (B) Find the resultant force due to the liquid on both sides of the 

gate.            (C) Determine F to open the gate if it is uniform and 

weighs 6000 Ib. 

 

 

 

 

 

 

 

 

 

 

 

Q15: Find the value of “P” which make the gate in the shown figure just 

rotate clockwise, the gate is 0.80 m wide. 

 

 

 

 

 

 

 

 

 

 

 



FLUID MECHANICS – CT 104                              HIGHER TECHNOLOGICAL INSTITUTE 

Dr. Amir M. Mobasher 134 

Q16: Determine the value and location of the horizontal and vertical 

components of the force due to water acting on curved surface per 3 

meter length. 

 

 

 

 

 

 

 

 

 

 

Q17: Determine the horizontal and vertical components of the force acting on 

radial gate ABC in the shown figure and their lines of action. What F is 

required to open the gate. Take the weight of the gate W = 2000 kg 

acting on 1m from O? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q18: A cylinder barrier (0.30 m) long and (0.60 m) diameter as shown in 

figure. Determine the magnitude of horizontal and vertical components 

of the force due to water pressure exerted against the wall. 

 

 

 

 

 

 

 

 

 

 



FLUID MECHANICS – CT 104                              HIGHER TECHNOLOGICAL INSTITUTE 

Dr. Amir M. Mobasher 135 

Q19: Compute the horizontal and vertical components of the hydrostatic 

force on the hemispherical dome at the bottom of the shown tank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q20: The hemispherical dome in the figure weighs 30 kN, is filled with 

water, and is attached to the floor by six equally spaced bolts. What is 

the force on each bolt required to hold the dome down. 
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ASSIGNMENT 3 

FLUID MASSES SUBJECTED TO ACCELERATION 

 

Q1: Calculate the total forces on the sides and bottom of the container shown 

in Figure 1 while at rest and when being accelerated vertically upward 

at 3 m/s
2
. The container is 2.0 m wide. Repeat your calculations for a 

downward acceleration of 6 m/s
2
. 

 

 

 

 

 

 

 

 

 

Q2: For the shown container in Figure 2, determine the pressure at points A, 

B, and C if: 

  The container moves vertically with a constant linear 

acceleration of 9.81 m/s
2
. 

 The container moves horizontally with a constant linear 

acceleration of 9.81 m/s
2
. 

 

 

 

 

 

 

Q3: A tank containing water moves horizontally with a constant linear 

acceleration of 3.5 m/s
2
. The tank is 2.5 m long, 2.5 m high and the 

depth of water when the tank is at rest is 2.0 m. Calculate: 

a)   The angle of the water surface to the horizontal. 

b)   The volume of spilled water when the acceleration is increased 

by 25%. 

c)   The force acting on each side if (ax =12 m/s
2
). 
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Q4: An open cylindrical tank 2.0 m high and 1.0 m diameter contains 1.5 m 

of water. If the cylinder rotates about its geometric axis, find the 

constant angular velocity that can be applied when: 

a)   The water just starts spilling over. 

b)  The point at the center of the base is just uncovered and the 

percentage of water left in the tank in this case. 

 

Q5: An open cylindrical tank 1.9 m high and 0.9 m diameter contains 1.45 m 

of oil (S.G = 0.9). If the cylinder rotates about its geometric axis, 

a)   What constant angular velocity can be attained without spilling 

the oil? 

b)  What are the pressure at the center and corner points of the tank 

bottom       when (ω = 5.0 rad/s). 

 

Q6: An open cylindrical tank 2.0 m high and 1.0 m diameter is full of water. 

If the cylinder is rotated with an angular velocity of 2.5 rev/s, how 

much of the bottom of the tank is uncovered? 

 

Q7: A closed cylindrical container, 0.4 m diameter and 0.8 m high, two third 

of its height is filled with oil (S.G = 0.85). The container is rotated 

about its vertical axis. Determine the speed of rotation when: 

a)   The oil just starts touching the lid. 

b)   The point at the center of the base is just clear of oil. 

 

Q8: A closed cylindrical tank with the air space subjected to a pressure of 

14.8 psi. The tank is 1.9 m high and 0.9 m diameter, contains 1.45 m of 

oil (S.G = 0.9). If the cylinder rotates about its geometric axis, 

a)   When the angular velocity is 10 rad/s, what are the pressure in 

bar at the center and corner points of the tank bottom. 

b)   At what speed must the tank be rotated in order that the center of 

the bottom has zero depth? 

 

Q9: A closed cylindrical tank 2 ft diameter is completely filled with water. If 

the tank is rotated at 1200 rpm, what increase in pressure would occur 

at the top of the tank at that case? 
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ASSIGNMENT 4 

EQUILIBRIUM OF FLOATING BODIES  

 

Q1: Will a beam of S.G. = 0.65 and length 1500 mm long with a cross 

section 136 mm wide and 96 mm height float in stable equilibrium in 

water with two sides horizontal? 

 

Q2: A floating body 100 m wide and 150 m long has a gross weight of 

60,000 ton. Its center of gravity is 0.5 m above the water surface. Find 

the metacentric height and the restoring couple when the body is given 

a tilt as shown 0.5m. 

 

Q3: A ship displacing 1000 ton has a horizontal cross-section at water-line as 

shown in the figure, its center of bouyancy is 6 ft below water surface 

and its center of gravity is 1 ft below the water surface. Determine its 

metacentric height for rolling (about y-axis) and for pitching (about x-

axis). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q4: An empty tank rectangular in plan (with all sides closed) is 12.5m 

long, and its cross section 0.70 m width x 0.60 m height. If the sheet 

metal weights 363 N/m2 of the surface, and the tank is allowed to 

float in fresh water (Specific weight 9.81 KN/m3) with the 0.60m 

wedge vertical. Show, whether the tank is stable or not? 
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Q5: A cylindrical buoy 1.8 m diam., 1.2 m high and weighing 10 KN is in 

sea water of density 1025 kg/m3. Its center of gravity is 0.45 m from 

the bottom. If a load of 2 KN is placed on the top; find the maximum 

height of the C.G. of this load above the bottom if the buoy is to 

remain in stable equilibrium. 
 

Q6: A spherical Buoy   شممدورة (floating ball) has a 0.50 m in diameter, 

weights 500 N, and is anchored to the seafloor with a cable. Although 

the buoy normally floats on the surface, at certain times the water 

depth increases so that the buoy is completely immersed. What is the 

tension on the cable? 

 

 

 

 

 

 

 

 

 

 

 

 

Q7: A wooden cylinder 60 cm in diameter, S.G. = 0.50 has a concrete 

cylinder 60 cm long of the same diameter, S.G. = 2.50, attached to 

one end. Determine the length of wooden cylinder for the system to 

float in stable equilibrium with its axis vertical. 
 

Q8: A right solid cone with apex angle equal to 60° is of density k relative 

to that of the liquid in which it floats with apex downwards. 

Determine what range of k is compatible with stable equilibrium. 
 

Q9: A cylindrical buoy is 5 feet diameter and 6 feet high. It weighs 1500 

Ib and its C.G. is 2.5 feet above the base and is on the axis. Show that 

the buoy will not float with its axis vertical in sea water. If one end of 

a vertical chain is fastened to the centre of the base, find the tension 

in the chain in order that the buoy may just float with its axis vertical. 
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ASSIGNMENT 4 

KINEMATICS OF FLUID FLOW 

 

 

Q1: Determine the type of flow in a 400 mm diameter pipe when  

   a) Water flows at average velocity of 1.2 m/sec and ν = 1.13 x 10
-6

 m
2
/sec. 

   b) Glycerin flows at a rate of 2.0 lit/min having ρ = 1260 kg/m
3
 and            

μ = 0.9 N.s/m
2
. 

 

Q2: An inclined pipe carrying water gradually changes from 10 cm at A to 40 

cm at B which is 5.00 m vertically above A. If the pressure at A and B 

are respectively 0.70 kg/cm
2
 and 0.5 kg/cm

2
 and the discharge is 150 

liters/sec. Determine a) the direction of flow b) the head loss between 

the sections. 

 

Q3: A cylindrical tank contains air, oil, and water as shown. A pressure of 6 

lb/in
2
 is maintained on the oil surface. What is the velocity of the water 

leaving the 1.0-inch diameter pipe (neglect the kinetic energy of the 

fluids in the tank above elevation A). 

 

 

 

 

 

 

 

 

 

 

 

 

Q4: For the shown figure calculate the discharge and the value “h”. 
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Q5: A tank where the water level is 30.0 m above an arbitrary datum feeds a 

pipeline AB ending at B with a nozzle 5.0 cm diameter. Pipe AB is 20.0 

cm diameter with point A being 23.0 m above datum and point B at 

datum. Find:  

i- The discharge through the pipeline, the pressures and water velocities 

at A & B.  

ii- If friction losses in the nozzle are 0.5 m, and between A & B are 5.0 m, 

resolve (i) and plot the hydraulic gradient and total energy lines.  

 

 

Q6: The losses in the shown figure equals 3(V
2
/2g)ft, when H is 20 ft. What 

is the discharge passing in the pipe? Draw the TEL and the HGL. 

 

 

 

 

 

 

 

 

 

 

Q7: A siphon filled with oil of specific gravity 0.9 discharges 300 lit/s to the 

atmosphere at an elevation of 4.0 m below oil level. The siphon is 0.2 m 

in diameter and its invert is 5.0 m above oil level. Find the losses in the 

siphon in terms of the velocity head. Find the pressure at the invert if 

two thirds of the losses occur in the first leg. 

 

 

Q8: A horizontal venturi-meter carries a liquid (S.G.= 0.9) and has an inlet to 

throat diameters of 18 / 9 cm. If the actual discharge is 45 l/s, and Cd = 

0.94, find:  

        i)the pressure difference between the inlet and the throat, ii) the 

deflection in the mercury U-tube manometer connecting these points, 

and iii) the energy lost between the inlet and the throat. Also sketch the 

H.G.L. and the T.E.L. for the system. 
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Q9: An orifice-meter having a 0.15/0.075 m pipe to orifice diameters and Cd 

= 0.65 is used in measuring the flow of water in a pipe. If a U-tube 

mercury differential manometer gives 0.35 m deflection when 

connected to the meter, find the rate of flow. What is the maximum 

possible rate of flow of water if the pressure at inlet to the meter is 

maintained at 4 KN/m
2
 and its vapor pressure is 2 KN/m

2
 abs. 

 

 

Q10: To what height will water rise in tubes A and B?  (P = 25 Kpa, Q = 60) 
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