12.1

Introduction

Some guidance is required for the selection of sweep and t/c for a high subsonic speed
commercial transport. The optimum values are the result of detailed parametric analysis,
requiring knowledge of wing weight and aerodynamic drag at different cruise lift
coefficients. At this early stage in the design it is not yet possible to do the necessary
analysis, so some values must be selected.

Source: Schaufele

Fig. 12.1.1 Wing Design Charts for Transonic Cruise Aircraft
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Nearly all large transport aircraft use supercritical airfoils. Fig. 12.1.1, from Schaufele
(Ref. 12.1.1), shows the relationships between drag divergence Mach number, shown as
MDIV in this figure, sweep, average t/c, and CL. As Raymer states, there is no consensus
as to the definition of drag divergence Mach number, and this chart appears to apply to a
low value, for which MDIV occurs at a drag rise of only 16 counts. In addition, the state
of the art in supercritical wing design has advanced considerably since this chart was
produced, so that a value of Mach 0.04 can be added to the value of MDIV to obtain a
value of MDD (Boeing definition), which can be taken as the cruise Mach number.
Typical average t/c is in the range 10 - 12%, and cruise Mach number about 0.82.
Assuming the aircraft cruises at the drag divergence Mach number at a typical cruise CL
= 0.5, then wing sweep can be determined.

Source: Schaufele

Fig. 12.1.2 Typical Wing Thickness Distribution for a Jet Transport
For analysis of aerodynamic characteristics, detailed airfoil shape must also be known.
In reality, both t/c and airfoil shape are a function of spanwise location, as shown in Fig.
12.1.2. For the purpose of initial analysis, a single airfoil shape must be assumed. For an
airplane designed to cruise in the high subsonic region, a supercritical airfoil is
appropriate. From a suitable source, such as Ref. 12.1.2, detailed geometric data are
available for an airfoil that is close to the design CL and t/c. An example is shown in Fig.
12.1.3. Designers of large commercial airplanes use proprietary airfoil sections, tailored
to achieve desired isobars on the upper and lower surface planforms, as described in
Raymer section 8.2.2.
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Fig. 12.1.3 Example of Supercritical Airfoil Coordinates
For an aircraft designed for supersonic cruise, a much thinner airfoil is required. The F-22
has a modified 6-series NACA airfoil:
Location
Root
Tip

Designation
64A?05.92
64A?04.29

Incidence
+5.00
-3.10

For the root, the designation defines the following:
6
Series airfoil
4
(Fraction of chord)X10 where negative pressure is maximum
A
Modification to section from 80% chord to trailing edge, which removes
concavity and substitutes a straight line
?
Camber (unknown)
05.92 Section maximum t/c (%)
The airfoil section with zero camber is shown in Fig. 12.1.4. The F-22 wing undoubtedly
has some camber, increasing towards the tip, but the values are unknown.
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Fig. 12.1.4 NACA 64A005 Airfoil Section
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