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Hydrodynamics deals with fluids in motion 

 

Types of fluid motion :- 
 

 
It is the state in which the fluid moves such that its layers slide to each other 

smoothly. 

Such flow is described as a laminar flow or a stream line (steady) flow. 
 
 

It is the state in which the velocity of flow of a liquid exceeds a certain 

limit. 

It is characterized by the existence of vortices.  

The liquid flows steadily when: 
1) The liquid fills the tube completely. 

2) The quantity of the liquid entering the tube at one end equals the 

quantity of the liquid emerging out from the other end within the same 

time. 

3) The velocity of the liquid flow at any point doesn’t change with time.  

 

Streamlines 

    Are continuous paths which particles of the liquid follow 

 

Properties of streamline 
• In the steady flow streamlines don’t interest. 

• The tangent at any point along the streamline represents the direction of the 

instantaneous velocity of each particle. 
 

Density of streamlines 

The number of streamlines crossing perpendicular a unit area at a point. 
 

Streamline density is the measuring of velocity of liquid .  
The stream lines are crowded (streamline density high )when the velocity increases and 

are away (low streamline density) when the velocity decrease. 
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The volume rate of flow 
    The volume of liquid flowing through area in unit time. 

Qv=
t

VOL =
t

tVA ..
=A.V       where V is the velocity of the liquid at section A. 

The volume flows in a certain time. 

its unit m3/s 

QV = A . V                   

V = QV . t = A . V . t 

 

Unit of QV :-  m3/s 
 
 
 

The mass rate of flow 
 

The mass of liquid of density (ρ ) flowing in unit time. 

Qm = ρ . QV = ρ . A . V 

The mass flows in a certain time. 

m  = Qm .t   = ρ  . QV . t   = ρ . A . V . t 

Unit of Qm = Kg/s 

 

 

 

 

 

 

 

 
 

Imagine a tube the liquid fill it completely 

Choose two perpendicular planes normal to the streamlines at two sections A1 , A2 

Where the mass rate of flow is constant so  

 Qm1 = Qm2  

     ρ . A1 .V1 = ρ . A2 .V2  

A1 . V1 = A2 . V2  

 

 

    The continuity equation proofs that the velocity of the liquid at any point in the tube 

is inversely proportional to the cross sectional area of the tube. 

 

 

Both volume rate of flow and mass rate of flow are constant. 

 

 

1

2

2

1

A

A

V

V
=

 

 

 Note 

In steady flow the mass rate and volume rate of flow is constant. 
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Example(1) 
 

 

Kerosene flows 6 m/s in a tube of diameter 2 cm. Find the quantity of Kerosen flows 

in 1.5 min. and calculate the total time to fill a tank of 20 m3. 

Solution 

QV = A . V 

VOL  = A . V . T     = Π R2 . V . T = Π ( 0.01 )2 X 6 X 90 = 0.17 M3  
  VOL  = A . V . T 

      T = 
 v.A 
ol

V
 = 

6 )01.0(

20
 2 x

 = 2.9 HR. 

 
 

1) If the liquid in the tube distributed into number of  branches of equal cross 

sectional area.  

A1 . V1 = n A2 . V2  
 

• But if distributed into different cross sectional area. 

A1 . V1 = A2 . V2 + A3 . V3 + ………………… 

 

Give reason 
        1-The streamlines are crowded at height speeds and they are far apart from each 

other at low speeds 

Because  the speed of the flowing liquid is inversely proportional to the cross- 

sectional area, so at a high velocity the cross sectional area is small and that means 

that the lines of flow are near to each other, and vice versa . 

      2-  Thanks to Allah as the cross – sectional area of the blood capillaries is larger 

than the cross-sectional area of the major artery. 

      3-The velocity of blood in capillaries is less than the velocity in arteries.  

A1 V1 = A2 V2 x no. of capillaries                  no. of capillaries x A2 > A1 

  V1 > V2 

  The blood flow velocity decreases in capillaries and this allow exchange of gases * 

and food between blood and the tissue cells without explosion 

    4-Firemen use water pipes of narrow end to put off fire.  

    5-The velocity of liquid flow in a tube is inversely proportional to its cross sectional 

area. 

A1 V1 = A2 V2                   A2 > A12> V 1V                  
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Example(2) 
A water pipe 2 cm diameter is at the entrance of an apartment building. The velocity of the 

water in it is 0.1 m/s. then, the pipe tapers to 1 cm diameter. Calculate: 

a) The velocity of the water in the narrow pipe. 

b) Quantity of the water ( volume and mass ) flowing every minute across 

any section of the pipe ( density of water = 1000 Kg/m3 ). 

Solution 

a) A1 . V1 = A2 . V2  

π ( 0.01 m )2 ( 0.1 m/s ) = π ( 0.005 m )2 V2  

  V2 = 
5-

 -4

10 x 2.5 x 

1.0 10 x 



 x
 = 0.4 m/s 

b) The volume rate of flow ( m3/s ) is given by the relation 

QV = A1 . V1 = A2 . V2   = π x 10-4 x 0.1   

or  =                                 π x 2.5 x 10-5 x 0.4= 3.14 x 10-5 m3/s 

     The volume rate of flow ( m3/ min ) is given by  

V=Qv x 60 = 3.14 x 10-5 x 60 = 188.4 x 10-5 m3/min 

The mass flowing per min 

Qm =ρQv = ρA1V1 = ρA2V2  

Qm = 3.14 x 10-5 x 103 = 3.14 x 10-2 Kg/s 

The mass rate of flow ( Kg/min ) is givenbym=Qm.t = 3.14 x 10-5 x 103 x 60 = 1.884 

Kg/min  

 
Example (3) 
 

The average velocity of blood in aorta ( radius 0.7 cm ) for an adult is 0.33 m/s from 

the aorta, blood is distributed to main arteries ( each radius 0.35 cm ). If we have 30 

main arteries, calculate the velocity of blood in each. 

Solution 

  A1 . V1 = n. A2 . V2  

   π ( 0.007 )2 ( 0.33 ) = π ( 0.0035 )2 ( 30 ) V2  

  V2 = 
30

0.33 x 4
 = 0.044 m/s 
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1)Choose the correct answer : 
1. A liquid flows regularly with a speed 4 m/sec. in a tube cross-sectional are 0.002m2 

then the rate of flowing equal ( 0.00008 – 0.008 – 2000 ) m3/sec.  

2. At the narrow end of a tube containing a liquid in motion  

a) The number of stream lines increase  

b) The number of stream lines decrease  

c) The density of stream lines increase  

d) a and b together  

 

3. At the wide end of a tube containing a liquid in motion  

a) The velocity of liquid in crease   

b) The volume flow rate increase    

c) The velocity of liquid decrease   

d) b and c together  

 

4. The continuity equation  

a) A1 V1 = A2 V1                           b)            =  
 

c) P = Pa + h                                      d) there is no correct answer   

 

5. The mass rate of flow can be determined from the relation …………………… 

a- Qm =ρAV               b- Qm =AV  

 

c- Qm =ρV                      d- Qm =ρA  

 

6. The number of streamlines passing normally through unit area at a point determines 

a- Speed of liquid                    b-volume of liquid  

b- Density of liquid                 d- mass of liquid  

 

7. Litre /min. = ………………………    m3/s.,  

a-10-3/60                   b-  1                   c- 103/60                 d- 60  

   

8. 4 cm3/min. = ……………………….m3/s. 

a-10-3/60               b -  10-6/15              c- 103/60              d- 60 

 

 

A2 

A1 
V2 

V1 
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9. The smooth path traced out by a fluid particle inside a tube is called 

a-flow line                 b-streamline           c-liquid line           d-no answer  

 

 

 

10. The flow velocity of a fluid at a point in a tube is proportional ………….. to the 

cross – sectional area of the tube at that point. 

 

a-directly                  b-inversely            c-constant          d-no answer  

 

 

11. In the shown figure : 

a  ) The number of streamlines at ( A ) ……………the number of streamlines at (B) 

a-greater           b-less         c-equal       d-no answer 

b ) Density of streamlines at ( B ) ………….. that 

at ( A ). 

a-greater           b-less         c-equal       d-no answer 

 

c ) It the area at ( A ) is double that at ( B ), the velocity at ( B ) ……… the velocity 

at ( A ). 

a-greater           b-less         c-equal       d-no answer 

 

d ) If the diameter of the cross section at ( A ) is double that at ( B ), the velocity at ( 

B ) ………… the velocity at ( A ). 

a-four times                 b-two times            c-half          d-double  

 

e ) the rate of flow at ( A ) ………. The rate of flow at ( B ). 

a-greater           b-less         c-equal       d-no answer 

 

Problems : 
 

1. A huge tank filled with water, a small aperture of area 2 cm2 in its wall. The 

velocity of flow at this aperture 12.52 m/s. Find  

a-the volume in 1 min  (0.15m3 )        b- mass of water flows in one 

minute.(.150kg).  

                                                                  

2. Water flows in a pipe of diameter 1.2 Cm with velocity 180 m/s. Calculate the 

diameter of the pipe if the velocity of the emerging water 27 m/s.    (3cm)                                      
 
             

3. Water flows in a pipe of diameter 4 cm with velocity 150 cm/s. ( consider π = 22/7 

)find  
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a-the flow velocity.                                 (24m/s)                                                            

the quantity of water in minute in the pipe of diameter 10 mm.         (0.113m3)             
 

4. The cross-sectional area of the aorta of a normal resting person is 3 cm2 and the 

speed of the blood is 30 cm/s. A typical capillary has a cross sectional area of 0.3  

cm2 and a flow speed of 0.05 cm/s. how many capillaries does such a person have?                       

(6000) 
 

                                                                                                                         
 

5. A pipe of cross-sectional area 4cm2 provides a field with water. The speed of water 

is l0m/s. At its end, there are 100 pores; the area of the opening of each one is 1mm2
. 

What is the speed of water passing through each pore?                         [ 40 m/sec ] 
                                    
 

6. Artery has radius of 0.35cm and velocity of blood flowing in it is 0.04m/s, 

provides 60 capillaries each of radius 0.1cm Find the velocity of the blood in each 

capillary.                                                          [ 8.167 x 10-3 m/s ] 

 

 

                                                                                                        

7. A tube has a diameter of10 cm, where the speed of water at that section is 1 m/s at 

the end of the tube the diameter becomes 2.5 cm. Calculate the speed of water at the 

narrow section, then find the mass of water flows per minute across any of its cross 

sectional area. Given that the density of water = 1000 kg/m3, π = 3.14.  

 

8. A major artery. The speed of blood through it is 0.08 m/sec, if this major artery is 

divided to 150 capillaries of diameter 
8

1
 of the major artery diameter, find the speed 

of blood through each capillary.                                                                (0.034 m/s)   

                                     

9. A tube ( x ) of surface area 26 cm2 is branched into 

two tubes Y and Z of cross-sectional areas 15 cm2 

and 7 cm2 respectively. A liquid flows in the tube ( x 

) with velocity 0.4 m/sec and in the tube ( Y) with 

velocity 0.6 m/sec, Calculate the its velocity in ( Z )              

(0.2m/s)  

                  

10. By using many of different area, determined the velocity of the liquid at constant 

the quantity out of liquid: 

 

V    m/d a 
    

20 
25 30 40 50 

A

1
      m-2 5 10 12.5 b 20 25 

 Draw a graphical relation between V on y-axis and 
A

1
 on x-axis and find: 
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1 ) a , b 

2 ) The quantity of liquid in one minute. 

 
1. In the shown Figure: Given that, the radius of the tube 

at (a) is 30cm and the velocity of water entering at the 

same point is 2m/s, the velocity of the water flow at (c) 

is 4m/s and at (e) is 3m/s where the radius of the tube at 

(b) is 20cm at (c) is 15cm, at (d) is 10cm and at (e) is 

5cm. Calculate:  

1- The rate of volume of water entering at (a). (0.5652m3/s)   

2- The velocity of the water flow at b and d. [4.5m/s  ,  8.25m/s ] 

                                  

2. Calculate the power of a pump required in pumping 5 cm3 of water in one minute 

through a hole at height of 8 m over water surface. Neglecting the friction and the 

speed of the water at exit hole. Suppose that the efficiency of the pump is100%. ( 

Consider ρwater =1000 kg/m3,  g = 9.8 m/s2 )                (1333 w)                                                                                        

 

3. A reservoir at the top of a house is daily filled using a motor of power is 0.5 kw. It 

takes one hour to fill the reservoir completely , find the capacity of the reservoir if 

the building’s height is 30 m and g = 10m/s2 . ( Pwater = 1000 Kg/m3 )    (6m3)                 

 
 

4. Find the of kinetic energy of 2 m3 of water , given that its rate of flow is 0.03 m3/s 

through a tube of uniform cross sectional = 0.01 m2 ( Pwater = 1000 Kg/m3 ).(9000 

Joule )                                           

 

5. Three valves can fill a tank, the first fills that tank in 1/4 hour, the second fills tank 

in 1/2 h, the third fills that tank in 1 h., so if they are opened together, find the time 

taken to fill the tank.                                                                                 [ 8.57 min ]                                            

 

6. A pump lifts fresh water from a lake at a rate of 1200 Lit /min.through a tube of 

diameter 6 cm and discharges it in air at a point 10 m abovethe surface of the lake .  

Find :1- The velocity of water flow at the point of discharge .                           (7 m/s) 

  2.The power of the pump .                                                                        (2940 watt ) 
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Experiments illustrate viscosity 
1. Pour equal volumes of water, Alcohols and glycerin in three funnels and observes 

the velocity of flow of earth. We notice that the flow velocity of water is higher than 

Alcohol than glycerin. 

Conclusion: The ability to flow increase with the decrease in viscosity. 
 

2. Put two equal volumes of water and honey in two containers. Stir the two liquids 

with a glass rod. We notice that water is easier to stir than honey, The motion in 

honey stops after remove the rod, while continues for a little in water. 

Conclusion:The resistance of liquid increases with the increase in viscosity.  
 

3. Fill two similar cylinders to the end, one of them with water and the other glycerin. 

Drop a steel ball in each liquid. And record the time each ball take to hit the bottom. We 

notice the time in water is less. 

Conclusion:The resistance of liquid to body motion increases with the increase in 

viscosity. 

 

 

The tendency of matter due to friction or resistance between liquid layers 

Note 
 

Viscosity is a tendency in bodies ( solid, liquid and gases ), it differs due to 

attraction force between molecules. 

Give reason 
The viscosity varies from liquid to another. 

Due to the difference in intermolecular forces between molecules.  

Factors which affect on the viscosity of liquid 
1) Type of liquid material. 

2) Temperature of liquid. 

Give reason 
The viscosity of lubricant oil differs from summer to winter. 
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The temperature changes the forces and spaces between molecules so the 

friction between liquid layers decreases and becomes of low viscosity.  

 

imagine layers of liquid trapped between two parallel plates, one stationary 

and the other moving with velocity V. the liquid layer next to the stationary 

plate is stationary, while the layer next to the moving plate is moving at v. the 

layers in between move at velocities varying from O to V.  
 

 

 
 

    We find that for the moving plate to maintain its constant velocity, a force F must 

exist. This force is directly proportional to both velocity and area of the moving plate 

A, and inversely proportional to the distance between the plates d. 

   F   
d

Av
 

 

   F = 
VS  

d

Av
 

 

Where 
VS  ( Eta ) is a constant of proportionality called viscosity coefficient, given by 

 

   
VS  = 

Av/d

F

Av

Fd
  =  

 

The unit of coefficient of viscosity ( Ns/m2 or kg/ms )  

 

 

The tangential force acting on unit area, resulting in unit velocity difference between 

two layers, separated by unit distance apart 

 
 

What is meant by 
The coefficient of viscosity of glycerin at 20ºc = 0.8 kg. m-1. s-1  

The tangential force acting on unit area of glycerin surface, resulting unit velocity 

difference between two layers, separated by unit distance apart.  

 

Example (1) 
 

• A plate of area 10-2 m2, a way from another one by a liquid of thickness 2 mm of 

coeffciency of viscosity 4 Kg m-1. s-1 If a force of 2.5 N exerts on the first one. Find 

the velocity of it. 

Solution 
 

F = η 
d

V .A 
                      V = 

A

d . F
 = 

4 x 10

10 x 2 x 2.5
2-

-3

 = 0.125 m/s 
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1. Lubrication 
     Metallic parts in machines have to be lubricated from time to time. This process 

leads to: 

a) Reduction of heat generated by friction. 

b) Protecting machine parts from corrosion ( wear ). 
 

Lubrication is carried out using highly viscous liquids.  

If we use water ( low viscosity), it will soon seep away or sputter from the 

machine parts due its low adhesive forces.  
Give reason 

 we must use liquids with high adhesive (high viscosity). 

Liquids of high viscosity  remain in contact with the moving machine parts. 

2. Economizing fuel consumption 
     When a car attains its maximum speed, the total work done by the machine, 

which is supplied by the burnt fuel, acts most of the time against air resistance and 

the forces of friction between the tires and the road.  

At relative low and medium velocities, air resistance to moving bodies resulting 

from air viscosity is directly proportional to the velocity of the moving bodies . 

 When the velocity exceeds a certain limit, then the air resistance is proportional to 

the square velocity rather than the velocity. Leading to a noticeable increase in fuel 

consumption.  

give reason  

it is advisable not to exceed such a limit ( 80 – 90 km/h ). 

 At this velocity air resistance to moving bodies resulting from air viscosity is 

directly proportional to the velocity so the rate of consuming fuel be normal  

3. In medicine 
     Blood precipitation rate: when a ball undergoes a free fall in a liquid, it is under 

three forces: its weight, buoyancy of the liquid and friction between the ball and the 

liquid due to viscosity. It is found that such a ball attains a final velocity, which is 

proportional to its radius. 

     This is applied in medicine by taking a blood sample and measuring its 

precipitation rate. The doctor may then decide if the size of red blood cells is normal 

or not.  

It is possible for a doctor to know some diseases throughout the measurement of the 

blood sedimentation rate. give reason 
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In the case of rheumatic fever and gout, red blood cells adhere together, and 

therefore, their volume and radius increase and the sedimentation ( precipitation ) 

rate increases. 

 In the case of anemia, the precipitation rate is below normal, since the red cells 

break up, their volume and radius decrease. 

 

 

 

1)Choose the correct answer : 
1-Rate of sedimentation test is an application of :  

a-capillarity             b– viscosity              c– surface tension     d-rate flow                            

   

2-The unit of the coefficient of viscosity is  

a-Kg m-1 s-2              b- Kg m-2 s-1             c- Kg m-1 s-2        d- all 

  3-The final velocity of the falling of liquid blood corpuscles in plasma is 

proportional directly to ……………… of blood corpuscles. 

a-mass              b-volume         c-density       d-all 

 

Give reasons for: 
1. Some liquids have high viscosity. 

2. Lubricating oils must have high viscosity. 

3. Viscosity of motor oil is different in summer than it is in winter. 

4. Some liquids are more viscous than others. 

5. Water is not used to lubricate metallic machines, while oils with high viscosity are 

used.          

6. The sedimentation rate increases in patients with rheumatic fever.   

7. The recommendation of not increasing the speed of cars beyond a given limit on 

highways.  

8. Water plants exist always near the beach . 

9. Inhabitants of upper floors feel the velocity of the wind more than inhabitants of the 

lower floors . 
 

 

Problems : 
 

 

1. A squared plate of length 0.2 m isolated to another one by liquid layer of 

thickness 0.4 cm. If a force of 20 N exert. On the first one so it moves with 

velocity 1 m/s. Find the coefficient of viscosity of this liquid.     (2kg/ms)                                                              
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2. If the tangential force for each 25 cm2 of a liquid surface is 2.5 N, and if the 

distance between the free surface of the liquid and the surface over which the liquid 

flows is 5 cm, and the velocity of flow is 50 cm/s, calculate the coefficient of 

viscosity of this liquid.        ( 100 Kg/m.s)                                                                                                  

 

3. A plate of area 0.1 m2 is separated from another one by a layer of oil of thickness 

10-3m. If the coefficient of viscosity of oil is 1.5 Kg/m.s. Find the force required to 

move the upper plate at a speed of 1 m/s.    (150N)                                                                                                              

 

4. Two square shaped flat surface ( plate ) of side 80 cm, oil film of thickness 5 cm 

between them if a force of 100 N act on the upper plate it moves by velocity 2m/s. 

Calculate the coefficient of viscosity.                                 [ 3.9 kg/m.s ] 

5. A tank is filled with honey of height 8 cm, and its coefficient of viscosity is 0.8 

kg/m.s. a plate of dimensions 1 m & 0.5 m by velocity of 2 m/s in a direction 

tangential to the honey surface . Calculate the force needed to move Calculate the 

force needed to move the plate in the following cases :  

1.At half the depth of honey .    (40N)                                                                                 

2.At a depth of 6 cm .       (53.3N)                                                                                                                                

 

6. Two parallel plate distance of 2.5 Cm between the filled with glycerin of 

coefficient of viscosity 0.78 kg/m.s what is the force required to move a plate of 

area 0.75 m3 between them with velocity 0.5 m/s. If: 

a)The plate in middle distance between them.    (23.4N)                                         

b)The plate is 1 cm apart of one of them.  (29.25N)                                                          


