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Basic thermodynamic 

relations 

𝑛 =
𝑚

𝑚̃
 

𝑝𝑉 = 𝑛𝑅̃𝑇 

𝑅̃ = 8314 J/kmol 

𝑅 =
𝑅̃

𝑚̃
 

𝑝𝑣 = 𝑅𝑇 

𝑝𝑉 = 𝑚𝑅𝑇 

𝑈2 − 𝑈1 = 𝑚𝑐𝑣(𝑇2 − 𝑇1) 

𝐻2 − 𝐻1 = 𝑚𝑐𝑝(𝑇2 − 𝑇1) 

𝐻 = 𝑈 + 𝑝𝑉 

𝑢2 − 𝑢1 = 𝑐𝑣(𝑇2 − 𝑇1) 

ℎ2 − ℎ1 = 𝑐𝑝(𝑇2 − 𝑇1) 

ℎ = 𝑢 + 𝑝𝑣 

for a cyclic process: 

𝑊𝑛𝑒𝑡 + 𝑄𝑛𝑒𝑡 = 0 

Closed: 𝑊 + 𝑄 = 𝑈2 − 𝑈1 

SFEE: 𝑄̇ + 𝑊̇ = 𝑚̇(ℎ2 − ℎ1) +

𝑚̇ (
𝐶2

2

2
−

𝐶1
2

2
) + 𝑚̇𝑔(𝑧2 − 𝑧1) 

𝑞 + 𝑤 = (ℎ2 − ℎ1) + (
𝐶2

2

2
−

𝐶1
2

2
)

+ 𝑔(𝑧2 − 𝑧1) 

𝑠2 − 𝑠1 = ∫ [
𝑑𝑄

𝑇
]

𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒

2

1

 

Δ𝑆𝑡𝑜𝑡𝑎𝑙 = Δ𝑆𝑠𝑦𝑠𝑡𝑒𝑚

+ Δ𝑆𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 

𝜂 =
𝑛𝑒𝑡 𝑤𝑜𝑟𝑘

ℎ𝑒𝑎𝑡 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑
= |

𝑊

𝑄ℎ𝑜𝑡

| 

𝜂𝑐𝑎𝑟𝑛𝑜𝑡 = 1 −
𝑄𝑐𝑜𝑙𝑑

𝑄ℎ𝑜𝑡

 

𝜂𝑐𝑎𝑟𝑛𝑜𝑡 = 1 −
𝑇𝑐𝑜𝑙𝑑

𝑇ℎ𝑜𝑡

 

∮
𝑑𝑄

𝑇
= 0 reversible 

∮
𝑑𝑄

𝑇
< 0 irreversible 

Relations for perfect 

gases 

𝑝𝑉 = 𝑚𝑅𝑇 

𝑐𝑝 − 𝑐𝑣 = 𝑅 

𝑐𝑝

𝑐𝑣

= 𝛾 

𝑠2 − 𝑠1 = 𝑐𝑣𝑙𝑛
𝑇2

𝑇1

+ 𝑅𝑙𝑛
𝑣2

𝑣1

 

𝑠2 − 𝑠1 = 𝑐𝑝𝑙𝑛
𝑇2

𝑇1

− 𝑅𝑙𝑛
𝑝2

𝑝1

 

𝑝1𝑣1 = 𝑝2𝑣2 =const 

𝑝1𝑣1
𝛾 = 𝑝2𝑣2

𝛾  =const 

𝑝2

𝑝1
= [

𝑉1

𝑉2
]

𝛾

 

𝑇2

𝑇1
= [

𝑝2

𝑝1
]

𝛾−1
𝛾

 

𝑇1

𝑇2

= [
𝑉1

𝑉2

]
𝛾−1

 

Formulae for work 

Closed processes

 

𝑤 = − ∫ 𝑝𝑑𝑣
2

1
 general 

𝑤 = −𝑝[𝑣2 − 𝑣1] isobaric 

𝑤 = 0      isochoric 

𝑊 = −𝑚𝑅𝑇𝑙𝑛 [
𝑣2

𝑣1
] isothermal 

𝑤 =
−(𝑝2𝑣2−𝑝1𝑣1)

1−𝑛
 polytropic 

Open processes

 

𝑊̇ = 𝑚̇ ∫ 𝑣𝑑𝑝
2

1
  general 

𝑊̇ = 𝑚̇𝑣[𝑝2 − 𝑝1] isochoric 

𝑊̇ = 𝑚̇𝑅𝑇𝑙𝑛 [
𝑝2

𝑝1
] isothermal 

𝑊̇ = 𝑚̇
𝑛

𝑛−1
[𝑝2𝑣2 − 𝑝1𝑣1]  

or 

𝑊̇ = 𝑚𝑅̇
𝑛

𝑛 − 1
[𝑇2 − 𝑇1] 

polytropic 

Compressors 

𝜂𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =
𝑊𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙

𝑊𝑝𝑜𝑙𝑦𝑡𝑟𝑜𝑝𝑖𝑐

 

𝜂𝑣𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 =
𝑉𝑖𝑛𝑑𝑢𝑐𝑒𝑑

𝑉𝑠𝑤𝑒𝑝𝑡

 

𝜂𝑣𝑜𝑙 = 1 −
𝑉𝐶

𝑉𝑆

{[
𝑝2

𝑝1

]

1
𝑛

− 1} 

𝑄̇𝑗𝑎𝑐𝑘𝑒𝑡 = 𝑚̇
𝛾 − 𝑛

1 − 𝑛
𝑐𝑣(𝑇2 − 𝑇1) 

𝑝𝑖 = √𝑝1𝑝2 

𝑚̇ = 𝑁𝜌𝜂𝑣𝑜𝑙𝑉𝑠𝑤𝑒𝑝𝑡 

Gas mixtures and air 

condition
 

𝑝 = ∑ 𝑝𝑖 

𝑈 = ∑ 𝑈𝑖 

𝑐𝑣 = ∑
𝑚𝑖

𝑚
𝑐𝑣,𝑖 

𝑐𝑝 = ∑
𝑚𝑖

𝑚
𝑐𝑝,𝑖 

𝑅 = ∑
𝑚𝑖

𝑚
𝑅𝑖  

 

1

𝑚̃
= ∑

𝑚𝑖

𝑚

1

𝑚̃𝑖

 

 

𝑉𝑖

𝑉
=

𝑚𝑖

𝑚

𝑚̃

𝑚̃𝑖

 

 



Thermodynamics formulae 

1

𝑅
= ∑

𝑛𝑖

𝑛

1

𝑅𝑖

 

 

𝑚̃ = ∑
𝑛𝑖

𝑛
𝑚̃𝑖  

 

𝑉𝑖

𝑉
=

𝑝𝑖

𝑝
=

𝑛𝑖

𝑛
 

𝜔 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟, 𝑚𝑠

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟, 𝑚𝑎

 

𝜔 = 0.622
𝑝𝑠

(𝑝 − 𝑝𝑠)
 

𝜙 =
𝑝𝑠

𝑝𝑔

 

𝑇𝑑𝑒𝑤 𝑝𝑜𝑖𝑛𝑡 = 𝑇𝑠𝑎𝑡 𝑎𝑡 𝑃𝑔
 

𝐶𝑜𝑃 =
𝑢𝑠𝑒𝑓𝑢𝑙 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟

𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 𝑤𝑜𝑟𝑘  

Combustion gases 

Molar masses of common 

combustion species: 

gas Molar 

mass, 

kg/kmol 

O2 32 

N2 28 

CO2 44 

CO 28 

H2 2 

H2O 18 

C 12 

 

Vapour power cycles
 

𝜂 =
𝑛𝑒𝑡 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡

𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 ℎ𝑒𝑎𝑡 𝑖𝑛
 

𝑆𝑆𝐶 =
3600

𝑛𝑒𝑡 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡
 

𝑟𝑤 =
𝑛𝑒𝑡 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡

𝑔𝑟𝑜𝑠𝑠 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡
 

𝜂𝑖𝑠𝑒𝑛.𝑡𝑢𝑟𝑏𝑖𝑛𝑒 =
𝑎𝑐𝑡𝑢𝑎𝑙 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡

𝑖𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡
 

𝜂𝑖𝑠𝑒𝑛.𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠 =
𝑖𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑤𝑜𝑟𝑘 𝑖𝑛

𝑎𝑐𝑡𝑢𝑎𝑙 𝑤𝑜𝑟𝑘 𝑖𝑛
 

Heat transfer

 

 

𝑄̇ = 𝑘𝐴
∆𝑇

∆𝑥
 

𝑄̇ =
∆𝑇

𝑅𝑡ℎ

 

𝑅𝑡ℎ =
∆𝑥

𝑘𝐴
 (conduction) 

𝑅𝑡ℎ =
1

ℎ𝐴
 (convection) 

𝑅𝑡ℎ =
𝑙𝑛

𝑟𝑜
𝑟𝑖

2𝜋𝑘𝐿
 (axisymmetric) 

𝑈𝐴 =
1

𝑅𝑡ℎ

 

𝑄̇ = ℎ𝐴(𝑇𝑓 − 𝑇𝑤) 

𝑁𝑢𝑑 =
ℎ𝑑

𝑘
 

𝑃𝑟 =
𝑐𝑝𝜇

𝑘
 

𝐺𝑟 =
𝑔𝛽𝐿3𝜌2∆𝑇

𝜇2
 

Heat exchangers 

𝑄̇ = 𝑈𝐴𝑓∆𝑇𝑚𝑒𝑎𝑛 

f is correction factor 

U is overall heat transfer coeff’t

 

∆𝑇𝑚𝑒𝑎𝑛 =
∆𝑇𝑎 − ∆𝑇𝑏

𝑙𝑛
∆𝑇𝑎

∆𝑇𝑏
⁄

 

𝑄̇ = 𝑚̇ℎ𝑐𝑝.ℎ(𝑇ℎ𝑖 − 𝑇ℎ𝑜𝑢𝑡) 

= 𝑚̇𝑐𝑐𝑝.𝑐(𝑇𝑐𝑖 − 𝑇𝑐𝑜𝑢𝑡) 

𝑁𝑇𝑈 =
𝑈𝐴

(𝑚̇𝑐𝑝)
𝑚𝑖𝑛

 

𝜀 =
𝑎𝑐𝑡𝑢𝑎𝑙 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒
 

=
𝑞̇

𝑞̇𝑚𝑎𝑥
 

𝑞̇𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛∆𝑇𝑚𝑎𝑥 

in the case 𝑚̇ℎ𝑐𝑝,ℎ < 𝑚̇𝑐𝑐𝑝,𝑐 then: 

𝜀 =
(𝑇ℎ𝑜𝑡−𝑖𝑛 − 𝑇ℎ𝑜𝑡−𝑜𝑢𝑡)

(𝑇ℎ𝑜𝑡−𝑖𝑛 − 𝑇𝑐𝑜𝑙𝑑−𝑖𝑛)
 

in the case 𝑚̇ℎ𝑐𝑝,ℎ > 𝑚̇𝑐𝑐𝑝,𝑐 then: 

𝜀 =
(𝑇𝑐𝑜𝑙𝑑−𝑜𝑢𝑡 − 𝑇𝑐𝑜𝑙𝑑−𝑖𝑛)

(𝑇ℎ𝑜𝑡−𝑖𝑛 − 𝑇𝑐𝑜𝑙𝑑−𝑖𝑛)
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NAVIER-STOKES EQUATIONS 

 

2D continuity equation, incompressible flow:   

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0 

2D momentum equation, incompressible flow: 

𝜌 (
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
)  =  𝜌𝑔𝑥  −  

𝜕𝑝

𝜕𝑥
 + 𝜇 (

𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2) 

𝜌 (
𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
)  =  𝜌𝑔𝑦 −  

𝜕𝑝

𝜕𝑦
+ 𝜇 (

𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2) 

Shear stress: 

𝜏 = 𝜇
𝑑𝑢

𝑑𝑦
 

 

BOUNDARY LAYERS 

 

Displacement thickness:  𝜹∗ = ∫ (𝟏 −
𝒖

𝑼
)  𝒅𝒚

∞

𝟎  

Displacement thickness:  𝜹∗ = ∫ (𝟏 −
𝒖

𝑼
)  𝒅𝒚

∞

𝟎  

Momentum thickness: 𝜽 = ∫
𝒖

𝑼
(𝟏 −

𝒖

𝑼
)  𝒅𝒚

∞

𝟎  

Surface shear: 

 𝝉𝟎 = 𝝆 𝑼𝟐  
𝒅𝜽

𝒅𝒙
 

or equivalent   𝝉𝟎 =
𝟏

𝟐
𝝆 𝑼𝟐𝑪𝒇 

Drag force (Single flat plate) 

𝑫 = 𝝆 𝒃 𝑼𝟐 𝜽 

or equivalent 𝑫 =
𝟏

𝟐
𝝆 𝑼𝟐𝐛𝐋 𝑪𝑫 

 
Laminar boundary layer velocity profile 

(von Karman approximation):  
 

𝑢

𝑈
=

𝑦

𝛿
(2 −

𝑦

𝛿
) 

 
Turbulent boundary layer velocity profile 

(1/7th power law approximation): 

 
𝑢

𝑈
≈ (

𝑦

𝛿
)

1/7

 

Smooth flat plate boundary layers 

Quantity Laminar 
flow 

Blasius 
exact 

solution  

 

Turbulent flow 
Prandtl 

Approximate  
Solution  

Boundary 
layer 
thickness,  

𝛿

𝑥
≈

5

𝑅𝑒𝑥
0.5 

 

𝛿

𝑥
≈

0.16

𝑅𝑒𝑥
1/7

 

Displacement 
thickness, 𝛿∗ 

𝛿∗

𝑥
=

1.721

𝑅𝑒𝑥
0.5  

𝛿∗

𝑥
≈

0.02

𝑅𝑒𝑥
1/7

 

Momentum 
thickness,  

𝜃

𝑥
=

0.664

𝑅𝑒𝑥
1/2

 
𝜃

𝑥
=

0.0156

𝑅𝑒𝑥
1/7

 

Shape factor, 
H 

2.59 1.28 

Skin friction 
coefficient, Cf 

𝐶𝑓 =
0.664

𝑅𝑒𝑥
0.5  𝐶𝑓 ≈

0.027

𝑅𝑒𝑥
1/7

 

Drag 
coefficient, CD 

𝐶𝐷 =
1.328

𝑅𝑒𝑥
1/2

 𝐶𝐷 =
0.031

𝑅𝑒𝑥
1/7

 

 

𝑅𝑒𝑥 =
𝜌𝑈𝑥

𝜇
 

Drag coefficient for fully-rough flat plate 

boundary layer: 

 𝐶𝐷 = (1.89 + 1.62 𝑙𝑜𝑔 
𝐿

𝜀
)

−2.5
 

LIFT AND DRAG 

 

Lift coefficient  𝐶𝐿 =
𝐿/𝐴𝑝
1
2

𝜌𝑉2
 

Drag coefficient: 𝐶𝐷 =
𝐷/𝐴
1
2𝜌𝑈2

 

Aspect ratio: 𝐴𝑅𝑎𝑡𝑖𝑜 =
𝑏2

𝐴𝑝
  

Increase in angle of attack: ∆𝛼 =
𝐶𝐿

𝜋𝐴𝑅𝑎𝑡𝑖𝑜
 

Drag coefficient for finite aerofoil: 

𝐶𝐷 = 𝐶𝐷∞ +
𝐶𝐿

2

𝜋𝐴𝑅𝑎𝑡𝑖𝑜
 

Stall speed :𝑈𝑚𝑖𝑛 = √
2𝑊

𝜌𝐶𝐿𝑚𝑎𝑥𝐴
 

Safe minimum landing speed (FAA): 𝑈 = 1.2𝑈𝑚𝑖𝑛 

Spin ratio: 𝑆𝑝𝑖𝑛 𝑟𝑎𝑡𝑖𝑜 =
𝜔𝑅

𝑉
=

𝜔𝐷

2𝑉
 



Fluids formulae 

COMPRESSIBLE FLOW 

Mach number: 𝑀𝑎 =
𝑣

𝑎
 

Speed of sound in a perfect gas: a = √γRT 

Stagnation enthalpy: ℎ + 1

2
𝑣2 = ℎ𝑜 

Stagnation temperature: 𝑇𝑜 = 𝑇 +
𝑣2

2𝐶𝑝
 

Stagnation properties, perfect gas: 

𝑇𝑜

𝑇
= 1 +

𝑣2

𝑎2 (
𝛾 − 1

2
) = 1 + 𝑀𝑎2 (

𝛾 − 1

2
) 

𝑎𝑜

𝑎
= [1 + 𝑀𝑎2 (

𝛾 − 1

2
)]

0.5

 

𝑝𝑜

𝑝
= (

𝑇𝑜

𝑇
)

𝛾
𝛾−1

= {1 + 𝑀𝑎2 (
𝛾 − 1

2
)}

𝛾
𝛾−1

 

𝜌𝑜

𝜌
= (

𝑇𝑜

𝑇
)

1
𝛾−1

= {1 + 𝑀𝑎2 (
𝛾 − 1

2
)}

1
𝛾−1

 

Isentropic perfect gas: 

𝑝2

𝑝1
= (

𝑇2

𝑇1
)

𝛾
𝛾−1

= (
𝜌2

𝜌1
)

𝛾

 

 

Critical properties 

𝑝∗

𝑝𝑜
= (

2

𝛾 + 1
)

𝛾
𝛾−1

 

𝜌∗

𝜌𝑜
= (

2

𝛾 + 1
)

1
𝛾−1

 

𝑇∗

𝑇𝑜
=

2

𝛾 + 1
 

𝑎∗

𝑎𝑜
= (

2

𝛾 + 1
)

0.5

 

𝑣∗ = 𝑎∗ =  √𝛾𝑅𝑇∗ 

Isentropic duct flow 

𝜌∗

𝜌
= {(

2

𝛾 + 1
) [1 + 𝑀𝑎2 (

𝛾 − 1

2
)]}

1
𝛾−1

 

𝑣∗

𝑣
=

1

𝑀𝑎
{(

2

𝛾 + 1
) [1 + 𝑀𝑎2 (

𝛾 − 1

2
)]}

0.5

 

𝐴

𝐴∗
=

1

𝑀𝑎
[

1 +
(𝛾 − 1)

2
𝑀𝑎2

(𝛾 + 1)
2

]

(𝛾+1)
2(𝛾−1)

 

𝑚̇𝑚𝑎𝑥 = √𝛾 (
2

𝛾 + 1
)

(𝛾+1)
2(𝛾−1)

𝜌𝑜𝐴∗√𝑅𝑇𝑂 

Normal shock 

𝜌2

𝜌1
=

1 + 𝛽
𝑝2

𝑝1

𝛽 +
𝑝2

𝑝1

 𝑤ℎ𝑒𝑟𝑒 𝛽 =
𝛾 + 1

𝛾 − 1
 

𝑝2

𝑝1
=

1

𝛾 + 1
[2𝛾𝑀𝑎1

2 − (𝛾 − 1)] 

𝑝2

𝑝1
=

1 + 𝛾𝑀𝑎1
2

1 + 𝛾𝑀𝑎2
2 

𝑀𝑎2
2 =

(𝛾 − 1)𝑀𝑎1
2 + 2

2𝛾𝑀𝑎1
2 − (𝛾 − 1)

 

𝑇2

𝑇1
= [2 + (𝛾 − 1)𝑀𝑎1

2]
2𝛾𝑀𝑎1

2 − (𝛾 − 1)

(𝛾 + 1)2𝑀𝑎1
2  

𝜌2

𝜌1
=

𝑣1

𝑣2
=

(𝛾 + 1)𝑀𝑎1
2 

(𝛾 − 1)𝑀𝑎1
2 + 2

 

Mach cone: 𝑠𝑖𝑛𝛼 =
1

𝑀𝑎
 

TURBOMACHINERY 

 

Bernoulli equation:  

(
1

2𝑔
𝑢2 +

𝑝

𝜌𝑔
+ 𝑧) = 𝐻𝑇 

Power delivered to fluid: 𝑃𝑤 = 𝜌𝑔𝑄𝐻 

𝐻 = 𝐻𝑇(𝑜𝑢𝑡𝑙𝑒𝑡) − 𝐻𝑇(𝑖𝑛𝑙𝑒𝑡) 

Power to drive pump: 𝑃 = 𝜔𝑇 

Pump efficiency: 𝜂 =
𝑃𝑤

𝑃
=

𝜌𝑔𝑄𝐻

𝜔𝑇
 

Total efficiency:𝜂 = 𝜂𝑣𝜂ℎ𝜂𝑚 

Net positive suction head: 𝑁𝑃𝑆𝐻 =
𝑝𝑖

𝜌𝑔
+

𝑣𝑖
2

2𝑔
−

𝑝𝑣

𝜌𝑔
 

𝐶𝑄 =
𝑄

𝑛𝐷3 

𝐶𝐻 =
𝑔𝐻

𝑛2𝐷2 



Fluids formulae 

𝐶𝑃 =
𝑃

𝜌𝑛3𝐷5 

𝜂 =
𝐶𝐻𝐶𝑄

𝐶𝑃
 

Pump similarity: 

𝐶𝑄1 = 𝐶𝑄2;    
𝑄2

𝑄1
=

𝑛2

𝑛1
 (

𝐷2

𝐷1
)

3

 

𝐶𝐻1 = 𝐶𝐻2;       
𝐻2

𝐻1
= (

𝑛2

𝑛1
)

2

(
𝐷2

𝐷1
)

2

 

𝐶𝑃1 = 𝐶𝑃2;          
𝑃2

𝑃1
=

𝜌2

𝜌1
 (

𝑛2

𝑛1
)

3

 (
𝐷2

𝐷1
)

5

 

       𝜂1 = 𝜂2 

Specific speed: 𝑁𝑠
′ =

(𝐶𝑄
∗ )

1
2

(𝐶𝐻
∗ )

3
4

=
𝑛𝑄

∗
1
2

(𝑔𝐻∗)
3
4

  

where * denotes BEP 

 

 

 

DIMENSIONAL ANALYSIS 

 

Quantity Dimensions 

Length L 

Area L2 

Volume  L3 

Velocity LT-1 

Acceleration LT-2 

Volume flowrate L3T-1 

Mass flowrate MT-1 

Pressure ML-1T-2 

Shear stress ML-1T-2 

Angular velocity T-1 

Frequency T-1 

Viscosity ML-1T-1 

Kinematic viscosity L2T-1 

Surface tension MT-2 

Force, Thrust MLT-2 

Moment, torque ML2T-2 

Power ML2T-3 

Work, energy ML2T-2 

Density ML-3 

Temperature  

 

Common non-dimensional groups 

Parameter Definition 

Reynolds number 
𝑅𝑒 =

𝜌𝑈𝐿

𝜇
 

Mach number 𝑀𝑎 =
𝑣

𝑎
 

Froude number 
𝐹𝑟 =

𝑈2

𝑔𝐿
 

Weber number 
𝑊𝑒 =

𝜌𝑈2𝐿

𝛾
 

Specific heat ratio 
𝛾 =

𝐶𝑝

𝐶𝑣

 

Roughness number 𝜖

𝐿
 

Lift coefficient 
𝐶𝐿 =

𝐿/𝐴𝑝

1
2𝜌𝑉2

 

Drag coefficient 
𝐶𝐷 =

𝐷/𝐴
1
2

𝜌𝑈2
 

Strouhal Number 
𝑆𝑡 =

𝑓𝐷

𝑈
 

Grashof number 
𝐺𝑟 =

𝑔𝛽𝐿3𝜌2∆𝑇

𝜇2
 

 

 


