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Low Reynolds Number

Reynolds number features in non-dimensionalized Equations ofMotion

It is the ratio of inertial forces (� V 2) to viscous forces (� V =L)

De�ned as (� VL=� )

Low Reynolds number corresponds to lower characteristic speeds
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Airfoils

An Airfoil creates lift (L) and drag (Fd ) on relative motion with the air

Air 
ow around the airfoil changes the pressure distribution

A large part of the region over the wing has lower pressure than on
the lower surface

The pressure di�erence creates an upward force called lift and a
backwards force called drag
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Inviscid and Boundary Layer Flow

The 
ow around airfoil can be divided into two distinct regions for
analysis

The 
ow very close to the surface(called Boundary Layer Flow)is
essentially slow moving air and has large velocity gradients. Viscous
e�ects dominate here and it contributes to the majority of the drag
experienced by the Airfoil

The 
ow reasonably away from the airfoil can be treated asinviscid

ow . The outer is faster moving air and determines the pressure
distribution and the Lift force on the airfoil.
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Low Reynolds Number e�ect on Lift

The max lift generated by an airfoil primarily depends upon thefree
stream velocity
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Low Reynolds Number e�ect on Lift

The max lift generated by an airfoil primarily depends upon thefree
stream velocity

Lift generation decreases with decrease in speed, and experiences a
drastic fall below Reynolds number = 105
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Low Reynolds Number e�ect on Drag

The pressure over the airfoil falls to a minimum value and increases
again. After the minimum pressure point, the air has to 
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adverse pressure
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Low Reynolds Number e�ect on Drag

The pressure over the airfoil falls to a minimum value and increases
again. After the minimum pressure point, the air has to 
ow against
adverse pressure

In the boundary layer, the speed of air almost falls to zero andthis
leads to 
ow separation from the surface

The detached 
ow forms eddies and vortices which results in
increased drag
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Low Reynolds Number e�ect on Aerodynamic E�ciency

Aerodynamic E�ciency is the ratio of Lift generated to Drag force

For low Reynolds number 
ows, smaller lift and larger drag bring
down the e�ciency
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Methods to increase Aerodynamic Performance

Airfoil Shaping

Boundary Layer Control

Increase air 
ow over the airfoil
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Airfoil Shaping

Special airfoils need to be designed for performance at low Reynolds
number 
ows
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Boundary Layer Control

Suction of slow moving air over airfoil

Blowing of fast jet into the Boundary Layer

Vortex Creation

Introduce Disturbances
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Layer Thickness
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Boundary Layer Control - Suction

The slower moving air is sucked in thereby reducing the Boundary
Layer Thickness

Outer, faster moving air comes nearer to the surface

The 
ow is able to overcome the adverse pressure better
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Boundary Layer Control - Blowing

High velocity jet of air can be introduced into the Boundary Layer to
increase the kinetic energy

The high velocity is able to overcome the adverse pressure
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Vortex creators or turbulators are small vanes attached to the airfoil

Vortex creators trip the boundary layer into turbulence, giving it more
energy.
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Boundary Layer Control - Vortex

Vortex creators or turbulators are small vanes attached to the airfoil

Vortex creators trip the boundary layer into turbulence, giving it more
energy.

The boundary layer with more energy can overcome greater adverse
pressures
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Boundary Layer Control - Disturbances

Various other methods can be used to provide kinetic energy tothe
Boundary Layer:
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Boundary Layer Control - Disturbances

Various other methods can be used to provide kinetic energy tothe
Boundary Layer:

Acoustic Disturbances

Heating of Air

Electromagnetic Disturbances

MEMS actuators
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Arti�cially increase 
ow speed over the blades

Nozzles etc can be used to make the incoming air 
ow through a
narrower area, thus increasing 
ow speed

For wind turbines, this will increase the speed over airfoils, as well as
decrease the length of the airfoils
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Future Work

A workable solution would probably require a combination of the methods
described above. The work to be carried out would be:
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Thank You
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