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Fluid Mechanics 

Bernoulli's Equation 

•Fluid Characteristics 

•Fluid Flow and the Continuity Equation 

•Bernoulli's Equation 

•Applications of Bernoulli's equation 

•The Role of Gravity on blood circulation 

•Effect of acceleration on Blood pressure 

•Viscous Fluid Flow 

•Laminar Flow in a Tube 

•Turbulent Flow 

We will study the 

properties of the 

fluids and their 

behavior.  Along 

with the flow of 

the fluids for 

nonviscous and 

viscous fluids.
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Bernoulli's Equation 

 Bernoulli derived an important equation 

to describe the flow of fluids. This 

equation is stated that the work done on a 

fluid as it flows from one place to 

another is equal to the change in its 

mechanical energy. 
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This equation is applicable for incompressible

fluids, nonviscous fluids (where no energy

loss), laminar flow, and for steady state flow

(when the flow speed at any point is constant

with time).

Daniel Bernoulli

Swiss physicist

(1700–1782)
Daniel Bernoulli made 

important discoveries in 

fluid dynamics. Born into a 

family of mathematicians, 

he was the only member 

of the family to make a 

mark in physics.
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Derivation of Bernoulli's Equation 
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 To derive Bernoulli's equation, we consider the flow of a 

fluid in a tube of cross sectional area A from section 1 to section 

2 as shown in the figure.

The flow of a liquid from point 1 to point 2 via a pressure difference 𝐩𝟏−𝐩𝟐

Δx1

Δx2

y2y1
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 The pressure, speed of flow, and height of the fluid at cross 

section 1 is denoted as 𝑝1, 𝑣1, 𝑦1 respectively. 

 For the same at section 2, we have 𝑝2, 𝑣2, 𝑦2.  

( 𝑝1- 𝑝2 ) A = Δp A

 If the fluid in the section moves a short distance Δ𝑥,  so that the 

work done on the fluid is given by

𝑊 = 𝐹. Δ𝑥 =(𝑝1- 𝑝2) A Δ𝑥

Since the product A Δx is the volume ΔV of the fluid leaving the 

section, thus the equation above becomes: 

𝑊 =(𝑝1- 𝑝2) Δ𝑉
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 the change in the kinetic energy of a volume ΔV of the 

fluid flowing from section 1 to 2 is 

 for the change in the potential energy, which is 

 Since the energy has to be conserved, the work in equation

𝑊 =(𝑝1- 𝑝2) Δ𝑉

must equal the change in the kinetic energy and the change in the 

potential energy, so that we can write:
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 By eliminating ΔV from both sides and rearrange the similar 

terms in one side, we get: 

 This can be generalized for any two points through the flow of 

the fluid, so Bernoulli's equation can be written as 

8

Thus Bernoulli's equation can be stated as the pressure of the fluid 
plus its mechanical energy density (kinetic energy density+ potential 

energy density) is the same everywhere in the flow.

2

2

221

2

11
2

1

2

1
gyvpgyvp  

Dr. Hazem F. Sakeek www.physicsacademy.org

http://www.physicsacademy.org/
http://www.physicsacademy.org/


2/15/2013

5

Example 5.2

Water enters the basement through a pipe 2 cm in radius at an absolute 

pressure of 3 atm. A hose with a 0.5 cm radius is used to water plants 

10 m above the basement. Find the speed of water as it leaves the hose?
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1atm

Solution

At Point 1 in the pipe at the basement, where 

𝑝1= 3𝑎tm, 𝑦1=0𝑚, 𝑣1 = ?.

At point 2 is in the hose just at the moment the water leaving the
hose for planting the tree, where

𝑝2= 1atm, 𝑦2=10m, 𝑣2 = ? 

By applying Bernoulli's equation, we have 

We have two unknowns v1 and v2 , so we can reduce them to only one
unknown by using the continuity equation, where
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Rearrange the equation, we get
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So                         and                                     then we substitute in the 

last equation to get: 

Solve for 𝑣2 , we get 

𝑣2 = 14.35 𝑚𝑠−1.
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Example 5.3

Water is flowing from a hole of 1 cm radius at the bottom of a closed 

cylindrical container of 2m diameter.  If the height of the water in the 

container is 2 m and the pressure over the surface of water is 3 atm, 

calculate how much time it took until the container became empty? 

Solution

The container is cylindrical in shape with radius R = 1 m, and the 

height of water in it is H = 2m, so that we can calculate the amount of 

water in the container

Δ𝑉 = 𝜋𝑅2 𝐻 =3.14× 12×2 =6.28 𝑚3

12 Dr. Hazem F. Sakeek www.physicsacademy.org

http://www.physicsacademy.org/
http://www.physicsacademy.org/


2/15/2013

7

 If we could calculate the flow rate Q = 𝜋𝑅 2�̅� from the hole and 

which is equal ΔV/Δt, we can compute the time needed to empty the 

container, so we should calculate �̅� .

 To apply Bernoulli's equation we assume two points, one at the 

surface of water with 𝑝𝑠= 3atm, ℎ𝑠= 2 𝑚, 𝑣𝑠=? and the other point 

at the exit of the hole at the bottom of the container with 𝑝ℎ = 1atm, 

ℎℎ = 0 𝑚, 𝑣ℎ =?.     Writing Bernoulli's equation 
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Rearrange the equation, we get
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By comparing the radius of the container to the radius of the hole

so that the speed of water at the surface related with that at the hole

This indicates that 𝑣𝑠≪𝑣ℎ , which leads that 𝑣𝑠
2 is much smaller than 𝑣ℎ

2. 

We can consider                           , and 𝑦ℎ − 𝑦𝑠=𝑦𝑠= 2𝑚. 

Substitute in Bernoulli's equation, we get:
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 By solving for 𝑣ℎ, we get: 

 So the time required to empty the container 
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