
Laminar and Turbulent Flow 

Laminar and turbulent flow are the flow conditions described based on the Reynolds 
number of the flow. 

Laminar Flow and Turbulent Flow 

• Laminar flow occurs in the form of lamina or layers with no intermixing between the
layers.

• Laminar flow is also referred to as streamlined or viscous flow.
• In the case of turbulent flow, fluid particles are intermixed.

Reynold’s Number 

• The dimensionless Reynolds number plays a prominent role in foreseeing the patterns in
a fluid’s behaviour. It is referred to as Re and is used to determine whether the fluid flow
is laminar or turbulent.

Reynold’s no, Re = ρVD/μ = VD/ν 

V=mean velocity of flow through a pipe 

D = Characteristic length of the geometry 

μ = dynamic viscosity of the liquid (N–s /m2) 

ν = Kinematic viscosity of the liquid (m2/s) 

D=4Ac/P 

Where, 

• Ac = Cross–section area of the pipe
• P = Perimeter of the pipe

Pipe Plate 

Re < 2000 laminar 

2000 < Re < 4000 
Transient 

Re > 4000 
turbulent 

Re < 5 × 105 Laminar 

Re > 5 × 105 turbulent 

[transient is small, so 
neglected] 

Laminar Flow in a Pipe 















Similar to the expression for viscous shear, J. Boussinesq expressed the turbulent 
shear mathematical form as 

τt = η(duavg/dy) 

where τt = shear stress due to turbulence 

η = eddy viscosity 

uavg = average velocity at a distance y from the boundary. The ratio of η (eddy viscosity) 
and (mass density) is known as kinematic eddy viscosity and is denoted by ϵ (epsilon). 
Mathematically it is written as 

ε = η/ρ 

If the shear stress due to viscous flow is also considered, then …. shear stress 
becomes as 

τ = τv + τt = μ(du/dy) + η(duavg/dy) 

The value of η = 0 for laminar flow. 

Reynolds Expression for Turbulent Shear Stress 

Reynolds developed an expression for turbulent shear stress between two layers of a 
fluid at a small distance apart, which is given as: 

τ = ρu'v' 

where u’, v’ = fluctuating velocity component in the direction of x and y, respectively, 
due to turbulence. 

As u’ and v’ vary, τ will also vary. 

Hence, the time average on both sides of the equation to find the shear stress. 

τavg =(ρu'v')avg 

The turbulent shear stress given by the above equation is known as Reynold stress. 

Prandtl Mixing Length Theory 

According to Prandtl, the mixing length L is the distance between two layers in the 
transverse direction such that the lumps of fluid particles from one layer could reach the 
other layer and the particles are mixed in the other layer in such a way that the 
momentum of the particles in the direction of x is same. 




