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Important numbers in Fluid Mechanics

1. Reynolds number, Re

2. Mach number, M

3. Capillary number, Ca

4. Knudsen number, Kn

There are many other numbers which will dominate the 
fluid flow depending on the application of the system.
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Reynolds number, Re

Inertial / inertia force, FI of a fluid element that has a length scale L (characteristic dimension) 

can be determined as:
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Viscous force, FV can be determined as:
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Reynolds number, Re is a measure of the ratio of inertia to the viscous force in a fluid flow 

system having a velocity scale V, length scale L, and fluid properties - density, ρ and dynamic 

viscosity, μ (or kinematic viscosity, ν = μ/ρ )
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Re is important for almost all types of flow.

Gives the basic idea on the nature of flow: 

laminar or turbulent𝑅𝑒 =
𝑉𝐿

ν
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Reynolds number, Re

𝑅𝑒 =
𝑉𝐿

ν
  

T. J. Mueller, Aerodynamic Measurements at Low Raynolds Numbers for Fixed Wing Micro-Air Vehicles, 
ADPO10760 (1999).
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Reynolds number, Re

Reynolds numbers in the animal kingdom, highlighting the intermediate Reynolds range for swimming and flying 
organisms. The organisms shown schematically from low to high Reynolds numbers

D. Klotsa, As above, so below, and also in between: mesoscale active matter in fluids, Soft Matter, 2019.

𝑅𝑒 =
𝑉𝐿

ν
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Mach number, M / Ma

Elastic force, FE on a fluid element that has a length scale L with bulk modulus of elasticity 

B is given by

2BLBAFE =

Mach number, M is a measure of the ratio of inertial to the elastic force in a fluid flow system 

having a velocity scale V, length scale L and bulk modulus of elasticity B. 
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M is important for high speed flows 

where compressibility effects can’t 

be neglected.
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Mach number, M / Ma

https://eaglepubs.erau.edu/introductiontoaerospaceflightvehicles/chapter/mach-number-and-reynolds-number/

Range of Reynolds and Mach numbers encountered by various flight articles

M > 5
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Capillary number, Ca

The capillary number is a dimensionless quantity that relates the viscous force in a fluid flow 
system to the surface tension forces. It is defined as

𝐶𝑎 =
viscous force

Surface tension
=

𝜇𝑉

𝜎

The capillary number (Ca) is used whenever the forces 
resulting from fluid motion are to be compared to the 
forces resulting from surface tension (interfacial 
phenomena). 

This is the case if a liquid is moved across a second 
fluid layer, e.g., a gas or an immiscible second liquid. 

A good visual example for these effects are droplets 
suspended in an inert liquid in droplet microfluidics. 

Kovalchuk, N.M., Sagisaka, M., Steponavicius, K. et al. Drop 
formation in microfluidic cross-junction: jetting to dripping to 
jetting transition. Microfluid Nanofluid23, 103 (2019)

μ = dynamic viscosity of fluid, V = characteristic 
velocity scale and σ = surface tension
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Flow classification based on molecular action

Regime kn

Continuum flow kn < 0.001

Slip flow 0.001< kn < 0.1

Transitional flow 0.1< kn < 10

Free molecular flow kn > 10

Table: Flow classification

(Continuum approach: individual molecule is not important rather averaged 
behavior is considered in bulk; continuous flow)              (Undergraduate level)

Classical fluid mechanics

(Molecular approach: individual molecule is important and should be modeled; 
gas kinetic theory, statistical approach, etc.)                 (Advanced graduate level)

Micro/nano scale fluid mechanics, rarefied gas dynamics, space applications, etc.

0Kn→

Knudsen number, Kn
L


=

mean free path of gas

characteristicdimension
Kn=
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A larger Knudsen number (Kn) arises either 
due to longer mean free path (rarefied gas 
flows) or small characteristic dimension of 
the system (microsystems).

Knudsen number, Kn
L


=

For very low Knudsen number(Kn→0), the number of collisions between the 
molecules is large compared to the number of collisions between the 
molecules and the wall. In such a case, the usual continuum concept is 
applicable and the Navier–Stokes equations and the Fourier heat conduction 
law are valid. The continuum flow is characterized by the Reynolds number 
(Re) and the Mach number (Ma) only; the Knudsen number will not enter 
the problem explicitly since it is already considered to be very small.

*Agrawal et al. Microscale Flow and Heat Transfer Mathematical Modelling and Flow Physics (2020)
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*Agrawal et al. Microscale Flow and Heat Transfer Mathematical Modelling and Flow Physics (2020)

Knudsen number, Kn
L


=

For sufficiently large Knudsen number, the continuum concept needs to be 
modified to predict the fluid flow and heat transfer characteristics. In such a 
case, first- (or second-) order slip boundary condition needs to be 
considered in the slip and early transition regimes. 

At higher Knudsen numbers, higher-order continuum transport equations 
need to be considered to analyze the fluid flow and heat transfer behavior 
(Boltzmann equation, DSMC/MD).
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Velocity slip

*Agrawal et al. Microscale Flow and Heat Transfer Mathematical Modelling and Flow Physics (2020)

y yu u

uwall = 0 uwall ≠ 0

wall

us= 0.7U0

us= 0.3U0

U0

Poiseulle flow
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Molecular approach

There are borderline cases for gases at such low pressures that molecular spacing and mean free path 
are comparable to, or larger than, the physical size of the system (rarefied flows). Molecular approach 
is required.

Knudsen number, Kn
L


=

mean free path of gas

characteristicdimension
Kn=

λ

λ

λ
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Atmosphere & Mean free path

100 
km

50 
km

10 
km

?Kn
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( )

microscale, Re

high speed flow, 1 Re
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(Low density low Re supersonic/hypersonic flows 
at very high altitude from earth’s sea-level)
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Problem

λ

• Estimate the mean free path of air at 20°C and 7 kPa.

• What is the smallest length scale of a flow system that will ensure the validity of 
continuum hypothesis?

Regime kn

Continuum flow kn < 0.001

Slip flow 0.001< kn < 0.1

Transitional flow 0.1< kn < 10

Free molecular flow kn > 10

Mean free path of gas can be determined by: 
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