


























a)

b)

c)

Potential separation regions:  
A: Behind suction peak (upper surface) and,  
B: towards trailing edge (upper surface) 
see lecture notes for further details

d) For bubble burst it may be possible to trip the flow to turbulent (if it is still laminar at 
separation). Alternatively, one could re-design the nose of the aerofoil to make it less 
'sharp' 

For TE stall, vortex generators could be added to re-energise the boundary layer. If 
the BL is laminar at separation, turbulence trips could be employed. Reducing the 
thickness of the airfoil can also help.

e)
The model will have a much lower Re and thus the flow is more likely to be laminar (in 
locations where it would be turbulent on the full scale aircraft). This will increase the 
danger of 'bubble burst' stall, because the delayed transition will cause bubbles to be 
greater than at full scale, or generate laminar separation where the full scale flow 
would remain attached. Therefore, the model should incorporate transition trips and 
ideally also feature thicker airfoils.

From lecture notes:

From lecture notes:

From lecture notes:

NACA 4412 is typical for a thin aerofoil (12% 
thick) with a sharp stall (as often caused by 
'bubble burst') while NACA 4421 is 21% thick 
and features a more gentle, 'trailing edge' type 
stall. Ignore the 'flat plate' curve). 
For a trainer aircraft one would prefer a gentle 
stall - and therefore TE stall behaviour



At around 30deg, there is a maximum in drag. This is 
caused by the presence of a pair of counter-rotating 
vortices originating from the edge between the rear and 
the sides (the "C-pillars"). Although the flow along the 
centreline is still attached, the vortices induce 
additional low pressure regions which create a spike in 
drag.

Both modifications will cause a change in lift force.  
The Underbody diffuser generally produces a downforce. It increases with diffuser angle 
until a maximum is reached just before the flow separates. After separation the 
downforce reduces. 
The boat-tail at the top will lead to increased lift. This increases with boat-tail angle, 
reaching a maximum around 30deg (where the vortices are present, further increasing 
lift). For very steep angles (when the flow is completely separated as shown above for 
the "squareback") the additional lift reduces again to almost zero.

See lecture notes.a)

b) from lecture notes:

c)

d)
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