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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to

provide a better service.
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WAVE DRAG OF WINGSAT ZERO LIFT IN INVISCID AIRFLOW

1 NOTATION AND UNITS

ESDU Copyright material. For current status contact ESDU.

S| British

A aspect ratio, b%/S
b wing span m ft
Cowo wave drag coefficient at zero lift, D,/%pV2S
c chord m ft
C, wing centre-line chord m ft
C wing tip chord m ft
Dwo wave drag at zero lift N | bf
M free-stream Mach number
m maximum thickness position of double-wedge section as

fraction of chord
n fraction of chord
S planform area m? ft2
t maximum thickness of wing section m ft
\% airspeed m/s ft/s
B compressibility parameter, (M2—1)"2
Ay, sweepback of mid-chord line degree degree
A taper ratio, c, /c,
p air density kg/m® slug/ft®

2. GENERAL

Figures 1 to 8 present data for the wave drag at zero lift in inviscid airflow for wings with straight leading
and trailing edges, streamwisetipsand either symmetrical double-wedge or biconvex parabolic-arc sections
of constant thickness/chord ratio across the span. Data are given for three values of taper ratio (0, 0.5 and
1.0) for wings with either rhombic (m=0.5) or biconvex parabolic-arc sections. The effect of changing
the maximum thickness position isillustrated by presenting data for the case of the double-wedge section
(with m = 0.3) for taper ratios of 0 and 1.0. In each Figure CDV\,OIA(t/c)2 is plotted against A and
AtanA,, incarpet formandfor al the cases of double-wedge section separate carpetsare given for subsonic
and supersonic ridge lines.
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The datain this Item are given in terms of the sweepback of the mid-chord line, A,,, whichisrelated to
the sweepback of the n-chord line, A, viathe relation

AtanA;

, = AtanA, +2(2n - 1)(1 _D . 2.1

1+

For design purposes it is useful to know the conditions giving sweptforward or sweptback trailing-edges.

These are
AtanAl/2 < Z(ﬁ for sweptforward trailing edges, (2.2)
AtanA,, > Z(ﬁ for sweptback trailing edges. (2.3)

3. FLOW REGIMES

There are four main flow regimes covered by the data presented in the Figures. These flow regimes are
defined by the following expressions:

1-A o
BA — AtanAl/2 < —Z(m) for subsonic trailing edges, (3.1
1-A 1-A .
—2(1 " )\) < BA - AtanA,, < 2(1- 2m)(m) for supersonic (3.2
trailing edges and subsonic ridge lines,
1-A 1-A .
2(1- 2m)(1 " }\) < BA - AtanAl/2 < Z(ﬁ for supersonic (3.3)
ridge lines and subsonic leading edges,
and BA — AtanAl/2 > Z(H) for supersonic leading edges. (34
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4, INTERPOLATION IN A AND m

If, for wings with rhombic or biconvex parabolic-arc sections, it is necessary to interpolate for values of
taper ratio between the three given in the Figures, the use of across-plot is strongly advised, provided that
no changein flow regimeisinvolved. For al other casesin which aninterpolationin A isrequired and for
all casesin which an interpolation in m is required the following procedures will be found useful. From
an analysis of the data given in the Figures, together with additional data from Derivation 1, it has been
found that for subsonic trailing edges (Expression (3.1)) the variation of CDV\,O/A(t/c)2 with
(1-A"2)/(1+ 1) isessentially linear (to within about +10 per cent) for fixed valuesof BA and AtanA,, .
For supersonic leading edges (Expression (3.4)), on the other hand, the variation of CDWO/A(t/c)2 with A
isessentially linear (to within about £5 per cent). For the “mixed flow” regimes defined by Expressions
(3.2) and (3.3) linear interpolation for CDWO/A(t/c)2 in A is adequate (to within about £10 per cent in
the worst cases).
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Similar analyseswith regard to m (from the only available datal, for A = 0) have shown that for subsonic
and supersonic ridge lines linear interpolation in, respectively, (1+m®)/(1—m°) and 1/n? is satisfactory,
to well within £10 per cent over therange 0.2<m<0.6.

5. BASISAND APPLICABILITY OF DATA
Thetheory from which the data® presented in the Figureswere derived is that of linearised supersonic flow,
which limits their application to wings with small t/c (< 0.1, say). It isin addition a theory for inviscid
flow in which no flow separation occurs over the wing surface.

Thekinks which the curves exhibit on the boundaries of the various flow regimes correspond to conditions
for which linear theory is invalid; moreover, they do not occur as sharp peaksin practice.

The portions of the curves for constant AtanA,, shown dotted instead of full (generaly near BA = 0) are
interpol ations which have not been verified by calculation.

To apply the data of this Item to the wave drag estimation of wing-body combinations, see Item No. Aero
A.S.02.03.01.

6. DERIVATION

1 BISHOR, R.A.
CANE, E.G

Charts of the theoretical wave drag of wings at zero lift. ARC CP 313,
1957.

7. EXAMPLE
7.1 Example 1

Find thetheoretical wavedrag coefficient at zerolift at aMach number of 3 for awing of rhombic (m= 0.5)
sectionwitht/c=0.04 and atrapezoidal planform,with A = 2and A = 0.25, having unswept trailing-edges.

For unswept trailing-edges, AtanA,, = 2(%} which, for A = 0.25, gives AtanA,, = 1.2.

The reduced aspect ratio, BA = (32-1)"2x2 = 5.66.

ESDU Copyright material. For current status contact ESDU.

From Figures, 2b, 3b and 5b for m = 0.5, with BA = 5.66 and AtanA,, = 1.2, the following cross-plot
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