
Cheat sheet

SI-Units

• Base Units

Dimension T L M 𝜃 N I 𝐼𝑣
Unit s m kg K mol A cd

• Derived units

Hz s−1

N kg m s−2

Pa N m−2

J N m
W J s−1

Dimensionless numbers

Reynold number Re 𝑣 𝐿
𝜈

Froude number Fr 𝑣√𝑔ℎ

Shallowness parameter 𝜖 𝐻
𝐿

Peclet number Pe 𝐿𝑣
𝛼

Prandtl number Pr 𝜈
𝛼

Stefan number Ste
𝑐𝑝Δ𝑇

ℎ𝑚ℎ𝑚 ∶ latent heat of melting

Strouhal number Str 𝑓𝐿
𝑣

Mach number Ma 𝑣
𝑐

Lewis number Le 𝛼
𝐷
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Miscellaneous

1. Shape factor

𝛼 = 𝑢2

𝑢2 , where ̄∗ = (1/ℎ) ∫
𝑠

𝑏
∗ 𝑑𝑧

2. Decomposition of the velocity profile

v(x + r) = v(x) + w × r + D ⋅ r

where w = 1
2∇ × v, D = 1

2 (∇v + ∇v𝑇 ) , W = 1
2 (∇v − ∇v𝑇 )

3. Cylindrical coordinate transformation rules

∇𝑓 = 𝜕𝑓
𝜕𝑟 ⃗𝑒𝑟 + 1

𝑟
𝜕𝑓
𝜕𝜃 ⃗𝑒𝜃 + 𝜕𝑓

𝜕𝑧 ⃗𝑒𝑧,

∇ ⋅ ⃗𝐴 = 1
𝑟

𝜕
𝜕𝑟(𝑟𝐴𝑟) + 1

𝑟
𝜕𝐴𝜃
𝜕𝜃 + 𝜕𝐴𝑧

𝜕𝑧
∇ × ⃗𝐴 = (1

𝑟
𝜕𝐴𝑧
𝜕𝜃 − 𝜕𝐴𝜃

𝜕𝑧 ) ⃗𝑒𝑟 + (𝜕𝐴𝑟
𝜕𝑧 − 𝜕𝐴𝑧

𝜕𝑟 ) ⃗𝑒𝜃 + 1
𝑟 ( 𝜕

𝜕𝑟(𝑟𝐴𝜃) − 𝜕𝐴𝑟
𝜕𝜃 ) ⃗𝑒𝑧

4. Material derivative 𝐷
𝐷𝑡𝑓 = 𝜕𝑡𝑓 + v ⋅ ∇𝑓

5. Bernoulli equation
𝑝
𝜌 + 𝑣2

2 + 𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡.𝑎𝑙𝑜𝑛𝑔𝑎𝑠𝑡𝑟𝑒𝑎𝑚𝑙𝑖𝑛𝑒

6. Error function
erf(𝑥) ∶= 2√𝜋 ∫

𝑥

0
𝑒−𝑦2𝑑𝑦, erfc(𝑥) ∶= 1 − erf(𝑥)

𝜕𝑥erf(𝐶𝑥) = 2√𝜋𝐶𝑒−(𝐶𝑥)2 , 𝜕𝑥erfc(𝐶𝑥) = − 2√𝜋𝐶𝑒−(𝐶𝑥)2

7. Thermal diffusivity
𝛼 = 𝜅

𝜌𝑐𝑝

Physical principles

1. Material symmetry
𝜎̂(𝜁)(∗) = 𝜎̂(𝜂)(∗𝑃).

2. Material Isotropy

𝜎̂(𝐹 ) = 𝜎̂(𝑉 ⋅ 𝑄) = 𝜎̂(𝑉 ⋅ 𝑄 ⋅ 𝑃 ) = 𝜎̂(𝑉 ⋅ 𝑄 ⋅ 𝑄𝑇 ) = 𝜎̂(𝑉 )
3. Material objectivity

𝜎(y) = 𝑄 ⋅ 𝜎(x) ⋅ 𝑄𝑇

4. Galilean invariance
𝜁𝜁𝜁 = x − v𝑡
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Mathematical models

1. Mass and momentum balance
𝜕𝑡𝜌 + ∇ ⋅ (𝜌v) = 0

𝜕𝑡(𝜌v) + ∇ ⋅ (𝜌v ⊗ v) = −∇𝑝 + ∇ ⋅ 𝜏𝜏𝜏 + 𝜌b

2. Incompressible Euler
∇ ⋅ v = 0

𝜕𝑡v + v ⋅ ∇v = −1
𝜌∇𝑝 + b

3. Incompressible Navier-Stokes

∇ ⋅ v = 0

𝜕𝑡v + v ⋅ ∇v = −1
𝜌∇𝑝 + 𝜈△v + b

4. Incompressible Navier-Stokes in cylindrical coordinates

𝜕𝑢𝑟
𝜕𝑡 + (𝑢⃗ ⋅ ∇⃗) 𝑢𝑟 − 𝑢2

𝜃
𝑟 = −1

𝜌
𝜕𝑝
𝜕𝑟 + 𝜈 (∇2𝑢𝑟 − 𝑢𝑟

𝑟2 − 2
𝑟2

𝜕𝑢𝜃
𝜕𝜃 )

𝜕𝑢𝜃
𝜕𝑡 + (𝑢⃗ ⋅ ∇⃗) 𝑢𝜃 + 𝑢𝑟𝑢𝜃

𝑟 = − 1
𝜌𝑟

𝜕𝑝
𝜕𝜃 + 𝜈 (∇2𝑢𝜃 + 2

𝑟2
𝜕𝑢𝑟
𝜕𝜃 − 𝑢𝜃

𝑟2 )
𝜕𝑢𝑧
𝜕𝑡 + (𝑢⃗ ⋅ ∇⃗) 𝑢𝑧 = −1

𝜌
𝜕𝑝
𝜕𝑧 + 𝜈∇2𝑢𝑧

1
𝑟

𝜕
𝜕𝑟 (𝑟𝑢𝑟) + 1

𝑟
𝜕𝑢𝜃
𝜕𝜃 + 𝜕𝑢𝑧

𝜕𝑧 = 0

5. Heat equation
𝜕𝑡𝑇 + ∇ ⋅ (𝑇 v) = 𝛼Δ𝑇

6. Incompresisble Navier-Stokes-Boussinesq-Fourier

∇ ⋅ v = 0

𝜕𝑡v + v ⋅ ∇v = − 1
𝜌0

∇ (𝑝 − 𝜌0𝑔𝑧) + 𝜈Δv − g𝐵 (𝑇 − 𝑇0)

𝜕𝑡 (𝜌𝑐𝑝𝑇 ) + ∇ ⋅ (𝜌𝑐𝑝𝑇 v) = ∇ ⋅ (𝜅∇𝑇 ) + S

Constitutive and closure relations

1. Newtonian fluid
𝜏𝜏𝜏 = 𝜆(∇ ⋅ v)I + 𝜂 (∇v + ∇v𝑇 ) ,

2. Hooke’s law
𝜎𝜎𝜎 = 𝜆tr(D)I + 2𝜇D,

3. Boussinesq approximation
𝜌 = 𝜌0(1 − 𝐵(𝑇 − 𝑇0))

4. Stefan condition
𝜌𝑠𝐿𝜕𝑡𝑋𝑚(𝑡) = −𝜅𝜕𝑥𝑇 (𝑋−

𝑚(𝑡), 𝑡) + 𝜅𝜕𝑥𝑇 (𝑋+
𝑚(𝑡), 𝑡)
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Integration

1.
∫ 𝑒𝑥𝑝(𝑘 𝑥) 𝑑𝑥 = 𝑒𝑥𝑝(𝑘 𝑥) + 𝐶

2.
∫ 𝑥 𝑒𝑥𝑝(𝑘 𝑥) 𝑑𝑥 = 𝑒𝑥𝑝(𝑘 𝑥)(𝑘 𝑥 − 1)/𝑘2 + 𝐶

4


	Cheat sheet
	SI-Units
	Dimensionless numbers
	Miscellaneous
	Physical principles
	Mathematical models
	Constitutive and closure relations
	Integration


