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Reynolds Number (Re)

•  For a pipe flow: 

         

 ρ 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑑𝑑𝑑𝑑𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑 
𝑉𝑉 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑 𝑎𝑎𝑑𝑑𝑓𝑓𝑣𝑣𝑣𝑣𝑓𝑓𝑑𝑑𝑑𝑑

 𝐷𝐷 𝑓𝑓𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓𝑑𝑑 𝑝𝑝𝑓𝑓𝑝𝑝𝑑𝑑 𝑓𝑓𝑓𝑓𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎 
 μ 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑑𝑑𝑑𝑑𝑎𝑎𝑑𝑑𝑓𝑓𝑣𝑣 𝑎𝑎𝑓𝑓𝑑𝑑𝑣𝑣𝑣𝑣𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑 

Osborne Reynolds: Irish pioneer
 in fluid dynamics

• Reynolds showed (1883) that this dimensionless 
parameter determines the character of a flow



Reynolds Number (Re)

• Reynolds showed (1883) that this dimensionless 
parameter determines the character of a flow

Laminar Flow  (smooth steady flow, layer over layer)

Low Re

Turbulent Flow  (unsteady eddies or vortices, mixing)

High Re



The Reynolds Apparatus (1883)

• Colored dye injection to visualize the flow of water
• Hand sketches with 3 different diameter glass tubes

Colored dye

Glass tube

Laminar flow 
(Low Re)

Turbulent flow
(High Re)



The Modern Reynolds Apparatus (Lab 2)

View Area 

Increasing Flow Velocity 

Dye injector



“Rules of Thumb” for Engineering Design Purposes

Fully turbulent flow Re> 4000 

Transitional flow  2300 < Re < 4000

Laminar flow Re < 2300 



“Rules of Thumb” for Engineering Design Purposes

• Results are for a smooth pipe

• Transition is highly dependent upon: 
     - Pipe roughness e.g., Transition will occur
       at lower Re for a rough cast iron pipe
     - Inlet flow disturbances

• Reynolds was able to get laminar flow for 
Re=14,000!



Importance for Design of Piping Systems

 Laminar  Turbulent 



Importance for Design of Piping Systems

• Laminar flow: 2X flow rate  2X pumping power
• Turbulent flow: 2X flow rate  4X pumping power

 Laminar  Turbulent 



Most Real-World Flows are Turbulent

End Notes
• Presentation by Dr. David Naylor, 2023

10

Animation Credits: giffy.com


	Slide Number 1
	Reynolds Number (Re)
	Reynolds Number (Re)
	The Reynolds Apparatus (1883)
	The Modern Reynolds Apparatus (Lab 2)
	“Rules of Thumb” for Engineering Design Purposes
	“Rules of Thumb” for Engineering Design Purposes
	Importance for Design of Piping Systems
	Importance for Design of Piping Systems
	Most Real-World Flows are Turbulent

