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FLUID MECHANICS

• Reynolds Number

• Bernoulli Equation 

• Head Loss

• Goal: To explore the basic principles of the fluid mechanics of: 1) The 

difference between laminar flow and turbulent flow in circular pipe through 

Reynolds experiment, and measure the corresponding Reynolds number; 2) 

The fluid velocity measurement in the circular pipe through the Pitot tube; 3) 

The head loss measurement due to the contraction at the inlet and the 

expansion at the outlet.



OSBORNE REYNOLDS 

• British engineer and physicist

• Fellow of the Royal Society (1877)

• Heat transfer between solids and fluids 

• 1883 
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REYNOLDS NUMBER

• Reynolds number

Re =
𝜌𝑉𝑎𝑣𝑔𝐷

𝜇
=
𝑉𝑎𝑣𝑔𝐷

𝜈

• Critical Reynolds number internal flow in a 

circular pipe

Recr = 2300(2320, 2000)

• Hydraulic diameter

𝐷ℎ =
4𝐴𝑐
𝑝
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ENTRANCE REGION & VELOCITY PROFILE

𝐿ℎ,𝑙𝑎𝑚𝑖𝑛𝑎𝑟

𝐷
≅ 0.05Re;

𝐿ℎ,𝑡𝑢𝑏𝑢𝑙𝑒𝑛𝑡
𝐷

≅ 1.359Re1/4

𝑢 𝑟 = 2𝑉avg 1 −
𝑟2

𝑅2



BERNOULLI EQUATION

Steady, incopressible flow:
𝑃

𝜌
+
𝑉2

2
+ 𝑔𝑧 = constant

Conservation of mass, energy and momentum

The sum of the kinetic, potential, and flow energies of a fluid particle is constant along a 

streamline during steady flow when the compressibility and frictional effects are negligible.



BERNOULLI EQUATION

𝑃 + 𝜌
𝑉2

2
+ 𝜌𝑔𝑧 = constant (along a streamline)

• 𝑃: static pressure

• 𝜌
𝑉2

2
: dynamic pressure

• 𝜌𝑔𝑧: hydrostatic pressure

𝑃stag = 𝑃 + 𝜌
𝑉2

2

𝑉 =
2 𝑃stag − 𝑃

𝜌





WATER DISCHARGE

• Bernoulli equation

• Toricelli equation.



LIMITATIONS ON THE USE OF THE BERNOULLI EQUATION

• Steady flow

• Frictionless flow

• No shaft work

• Incompressible flow

• No heat transfer

• Flow along a streamline



PRESSURE DROP AND HEAD LOSS

• Pressure loss

Δ𝑃 = 𝑓
𝐿

𝐷

𝜌𝑉avg
2

2

• Darcy friction factor, circular pipe, laminar

𝑓 =
64𝜇

𝜌𝐷𝑉avg
=
64

Re

• Head loss (equivalent fluid height) 

ℎ𝐿 =
Δ𝑃𝐿
𝜌𝑔

= 𝑓
𝐿

𝐷

𝑉avg
2

2𝑔





MOODY CHART

The friction factor in fully developed turbulent pipe flow depends on the 

Reynolds number and the relative roughness 𝜀/𝐷

• Colebrook equation

1

𝑓
= −2.0 log(

𝜀
𝐷
3.7

+
2.51

Re 𝑓
)





MINOR LOSSES

• Minor loss

ℎ𝐿 = 𝐾𝐿
𝑉2

2𝑔

• Fittings, Valves, Bends…

• Total head loss

ℎ𝐿,total = ෍

𝑖

𝑓𝑖
𝐿𝑖
𝐷𝑖

𝑉𝑖
2

2𝑔
+෍

𝑗

𝐾𝐿,𝑗
𝑉𝑗
2

2𝑔
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MINOR LOSSES

• Sudden expansion

𝐾𝐿 = 1 −
𝐴𝑠𝑚𝑎𝑙𝑙

𝐴𝑙𝑎𝑟𝑔𝑒

2

= 1 −
𝑑2

𝐷2

2







STUDIO

A 6-cm-diameter horizontal water pipe expands gradually to a 9-cm-diameter 

pipe. The walls of the expansion section are angled 30°from the horizontal. The 

average velocity and pressure of water before the expansion section are 7 m/s 

and 150 kPa, respectively. Determine the head loss in the expansion section and 

the pressure in the larger-diameter pipe.


