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Control Surfaces
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Control Surfaces
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Control Surfaces
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Lift and Drag
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where Ap is the planform area
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Lift and Drag
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Lift and Drag - Pressure Coefficient
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Lift and Drag - Fuselage Lift
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Lift and Drag

D = Dpressure + Dfriction + Dwave

Niklas Andersson - Chalmers 10 / 41



Friction Drag

laminar flow: Cf =
f1(M∞)√

Rex

turbulent flow: Cf =
f2(M∞)

Re0.2x
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Wave Drag - The Supercritical Airfoil
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Wave Drag - The Supercritical Airfoil
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Critical Mach Number

The critical Mach number is the

lowest freestream Mach number for

which the flow will accelerate to

sonic conditions over the wing
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Critical Pressure Coefficient
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Critical Pressure Coefficient

Niklas Andersson - Chalmers 16 / 41



Critical Pressure Coefficient
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Finite Wing Span
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Induced Drag

The higher pressure on the lower

side of the wing leads to a flow

leakage over the wing tip

The flow below the wing has a

velocity component towards the

wing tip

The flow over the wing has a

velocity component towards the

fuselage
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Induced Drag

The flow from high pressure regions

to low pressure regions forms a

vortex at the wing tip

A net downwash flow is induced

leading to a reduction of lift
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Induced Drag - Downwash
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Induced Drag
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Induced Drag - Winglets
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High-Lift Devices
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High-Lift Devices - Flaps
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High-Lift Devices - Slats
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High-Lift Devices
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Swept Wings - Subsonic Aircraft

I The wing profile ”sees” a flow with

the Mach number normal to the

leading edge

I Increases the critical freestream

Mach number

I Possible to operate at higher Mach

number with lower drag

I Comes with the price of lower lift

Niklas Andersson - Chalmers 28 / 41



Swept Wings - Supersonic Aircraft

I If the wing is within the Mach angle

cone, the trailing-edge-normal flow

is subsonic
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Swept Wings
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Swept Wings

Wing sweep reduces drag

but there is also a

significant reduction of lift
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The Delta Wing

leakage of flow from high-pressure regions to low-pressure regions leads to the

formation of vortices on the upper side of the wing
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The Delta Wing

The vortical structures on the upper side of the wing reduces the pressure

and increases lift
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The Delta Wing

Visualization of vortex structures over a delta wing in a water tunnel experiment
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The Delta Wing

Niklas Andersson - Chalmers 34 / 41



The Sound Barrier
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Area Rule
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Area Rule

Designing the whole aircraft such

that the variation in cross-section

area is smooth reduces the peak in

drag near Mach 1
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Area Rule
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Blended Wing Body
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Blended Wing Body
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