
The kinetic energy of the flow is 𝐸𝑘= ½𝑚𝑈2.
We let the volume go to 0, which gives ∼ 𝜌𝑈2
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𝑈 (𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦)

𝑙 (𝑙𝑒𝑛𝑔𝑡ℎ)

𝜌 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
𝜇 (𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦)

𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑎 𝑡𝑖𝑛𝑦 𝑓𝑙𝑢𝑖𝑑 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛𝑒𝑟𝑡𝑖𝑎

= 
𝑑𝐸𝑘

𝑑𝑉
∼ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦2 = 𝜌𝑈2

Inertia = treghet

𝜇 = 𝑁𝑠/𝑚2
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The kinetic energy dissipates to heat via viscous

dissipation due to shear stress: 𝜏 = 𝜇U\l.
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𝑈 (𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦)
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𝜇 (𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦)

Inertial forces = treghetskrefter

𝜏 = 𝑣𝑖𝑠𝑐𝑜𝑢𝑠 𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛 ∼ 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 ×
𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝑙𝑒𝑛𝑔𝑡ℎ
= 𝜇𝑈/𝑙

𝜇 = 𝑁𝑠/𝑚2

𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑎 𝑡𝑖𝑛𝑦 𝑓𝑙𝑢𝑖𝑑 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛𝑒𝑟𝑡𝑖𝑎

= 
𝑑𝐸𝑘

𝑑𝑉
∼ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦2 = 𝜌𝑈2
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The ratio of inertia to viscous dissipation is called 

the Reynolds number (Re). 
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𝑈 (𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦)
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𝑅𝑒 =
𝑖𝑛𝑒𝑟𝑡𝑖𝑎

𝑣𝑖𝑠𝑐𝑜𝑢𝑠 𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛

Inertial forces = treghetskrefter

𝑅𝑒 =
𝑑𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑙𝑒𝑛𝑔𝑡ℎ × 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦
=

𝜌𝑈𝑙

𝜇
=

𝑈𝑙

𝜈

𝜇 = 𝑁𝑠/𝑚2

𝜏 = 𝑣𝑖𝑠𝑐𝑜𝑢𝑠 𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛 ∼ 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 ×
𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝑙𝑒𝑛𝑔𝑡ℎ
= 𝜇𝑈/𝑙

𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑎 𝑡𝑖𝑛𝑦 𝑓𝑙𝑢𝑖𝑑 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛𝑒𝑟𝑡𝑖𝑎

= 
𝑑𝐸𝑘

𝑑𝑉
∼ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦2 = 𝜌𝑈2
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Osborne Reynolds’ (1841–1912) famous experiment 

All images from Creative Commons. Licensed under CC BY-SA-NC

𝑅𝑒 =
𝑑𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑙𝑒𝑛𝑔𝑡ℎ × 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
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=
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