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Chapter  5 Elementary Fluid Dynamics (Bernoulli equation)



Fluid-Flow concept

• Flow characteristics

• Ideal fluid: is a frictionless (non-viscous (𝜇=0)) and incompressible (𝜌=𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡) fluid.

• Adiabatic flow: flow of fluid in which no heat is transferred to or from the fluid

• Steady flow: there is no change in any of the flow parameters with respect to time at a point 

(𝜕𝑣𝜕𝑡 =0)

• Unsteady flow: conditions at any point change with the time (𝜕𝑣𝜕𝑡 ≠0)

• Uniform flow: at every point the velocity vector is identically the same (in magnitude and 

direction) for any given instant

• Non uniform flow: the velocity vector varies from place to place at any instant



Fluid-Flow concept

• Flow characteristics

• One-dimensional flow: variation in fluid properties such as velocity, pressure, …, occur only in one direction (x-

direction) , and only average conditions of flow are considered at a section

• Two-dimensional flow: variation in fluid properties occur in two directions (x and y directions)

• Three-dimensional flow: variation in fluid properties occur in three directions (x-y and z directions)

Streamline: it is a continuous line drawn through the fluid so that it has the direction of the velocity vector at every

 point.



RATE OF FLOW m˙ OR DISCHARGE (Q):

• It is defined as the quantity of fluid flowing per second through a pipe or channel section. 

• For an incompressible fluid (or liquid) the rate of flow or discharge is expressed as the volume of fluid flowing across the section per 

second Q.

• For compressible fluids, the flow rate is usually expressed as the mass of fluid flowing across the section m˙. 

Thus:-

1. For liquids, the units of Q are m3/s or liters/s

2. For gases, the units of m˙ are kg/s

• Consider a fluid flowing through a pipe in which , A : cross-sectional area of pipe. and  u = Average velocity of fluid across the section 

• Then discharge  Q=A * u



CONTINUITY EQUATION

• The equation based on the principle of conservation of mass is called the continuity equation. 

• Thus for a fluid flowing through the pipe at all the cross-section, the quantity of fluid per second is constant. Consider two cross-sections of a pipe 

as shown in figure.

Let  u1=Average velocity at cross-section at 1-1,  ρ 1 =Density at section 1-1 A1=Area of pipe at section 1-1  

And u2, ρ2, A2 are corresponding values at section 2-2 Then rate of flow at section 1-1 = u1 ρ 1A1  and

 Rate of flow at section 2-2 = u2 ρ 2A2

According to law of conservation of mass

Rate of flow at section 1-1 = Rate of flow at section 2-2

ρ 1A1 u1= ρ 2A2 u2 …………………..(1)

The above equation is applicable to the compressible as well as incompressible fluids is called Continuity Equation. If the fluid is incompressible, 
then ρ 1=ρ 2 and continuity equation (1) reduces to

A1 u1= A2 u2 …………………..(2)



CONTINUITY 
EQUATION

A typical application of mass conservation is at pipe junctions:

• From mass conservation we have:

Q1= Q2 + Q3

A1 v1 =A2 v2 + A3 v3

• If we consider inflow to be positive and outflow negative, we have:



CONTINUITY EQUATION

Example: The diameters of a pipe at the sections 1 and 2 are 10cm and 15cm respectively. Find the discharge through the pipe if the velocity of 

water flowing through the pipe at section 1 is 5m/s. Determine the velocity at section 2.



CONTINUITY 
EQUATION



CONTINUITY 
EQUATION

Water flows from point A to points D and E as shown. Some of the flow parameters are known, as shown 

in the table. Determine the unknown parameters.



CONTINUITY 
EQUATION



CONTINUITY 
EQUATION



Equation of motion along a streamline

Work done by P1-P2=𝜟PE+ 𝜟KE

W= F.X (for Solid)

For liquids 

W= P*A*X

A*X= V (volume )

So the work done in liquids 

W= P*V …….. (1) y1

y2

P1

P2



CONTINUITY 
EQUATION

W P1-P2=𝜟PE+ 𝜟KE

(P1-P2) *V = (m*g*y2-m*g*y1) + (½ m u2
2 – ½ m u1 

2)

Divided the above equation by V

((P1-P2) *V)/V = ((m*g*y2-m*g*y1))/V + ((½ m u2
2 – ½ m u1 

2))/V

m/V= 𝛒 (density of the fluid )

P1-P2 = 𝛒*g*y2- 𝛒*g*y1 + (½ 𝛒 u2
2 – ½ 𝛒 u1 

2)

P1 + 𝛒*g*y1  + ½ 𝛒 u1 
2 =  P2+𝛒*g*y2 + (1/2 𝛒 u2

2 )

P + 𝛒*g*y  + ½ 𝛒 u 
2 =  Constant 

Divided the above equation by 𝛒

P/ 𝛒  + g*y  + ½  u 
2 =  Constant (This is 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖′𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛)



Example 
a pipe gradually tapers from a diameter of (0.3 m) to (0.1 m) over the length shown in the figure it conveys 

water at (50 L/s) the pressure at the bottom end is (196 KN/𝑚2) if the pressure at the upper end is (98.1 

KN/𝑚2), find the value of (Z)?

• Sol//
𝑄 = 50 𝐿/𝑠 = 50 × 10−3 = 0.05 𝑚3/𝑠



Example 
Water flows steadily up the vertical 0.1 m diameter pipe and out the nozzle, which is 0.05 m in diameter, discharging to atmospheric 

pressure. The stream velocity at the nozzle exit must be 20 m/s. Calculate the minimum gage pressure required at section.



H.W 
Water is discharged through the drain pipe at B 
from the large basin  حوض at 0.03 m3/s. lf the 
diameter of the drain pipe is d = 60 mm, determine 
the pressure at B just inside the drain when the 
depth of the water is h = 2 m.
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