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Reynolds Number (Re)

• Noticed that the smoke rises in a smooth plume at 
the beginning (laminar flow) and then starts 
fluctuating randomly (turbulent flow)

• Most flows encountered in practice are turbulent. 
Laminar flow is encountered when highly viscous 
fluids such as oils flow in small pipes or narrow 
passages.

• The flow of fluid can be laminar or turbulent. The 
transition from laminar to turbulent flow depends 
on the surface geometry, surface roughness, flow 
velocity, surface temperature, and type of fluid, 
among other things
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Reynolds Number (Re)

• To predict the type of flow pattern either laminar or turbulent 
à Reynolds number

where :

V : free-stream velocity = u∞ [m/s]

v : kinematic viscosity [m2/s]

μ : dynamic viscosity [kg/m.s]

Lc : characteristic length* [m]

*  For a flat plate, the characteristic length is 
the distance x from the leading edge.

How to predict if the flow of fluid will be laminar or turbulent?
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Critical Reynolds Number (Recr)

Low Re  < Recr < High Re
(Turbulent flow) (Laminar flow) 

For flow over a flat plate, Recr is vary from  ≈ 1 × 105  - 30 × 105

*  Note that xc is the 
distance from the 
leading edge to the 
transition regime

V = u∞
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Example 1

Consider airflow over a flat plate of length L = 1 m under conditions for which transition occurs at 
xc = 0.5 m based on the critical Reynolds number, Recr = 5 × 105 . Evaluating the thermophysical 
properties of air at 350 K, determine the air velocity?
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Example 2

Consider a flat plate positioned inside a wind tunnel, and air at 1 atm and 20°C is flowing with a 
free stream velocity of 60 m/s. 

a) What is the minimum length of the plate necessary for the Reynolds number to reach 2 x 107 ? 

b) If the critical Reynolds number is 5 x 105 , what type of flow regime would the airflow 
experience at 0.2 m from the leading edge?
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For Incompressible Flow over Flat Surface

*  Note that these relations are valid only for isothermal plate

Consider laminar flow of an incompressible fluid over a flat 
plate :
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6-69

Water at 20°C is flowing with velocity of 0.5 m/s between two parallel flat plates placed 1 cm apart. 
Determine the distances from the entrance at which the velocity and thermal boundary layers meet
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6-44

Air flows over a flat plate at 40 m/s, 25°C and 1 atm pressure. 

(a) What plate length should be used to achieve a Re = 1 x 108 at the end of the plate? 

(b) If the critical Reynolds number is 5 x 105, at what distance from the leading edge of the plate 
would transition occur?
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6-78

Consider air flowing over a 1-m-long flat plate at a velocity of 3 m/s. Determine the convection heat 
transfer coefficients and the Nusselt numbers at x = 0.5 m and 0.75 m. Evaluate the air properties at 
40°C and 1 atm.
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END OF THE SLIDES


