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ESDU 74035

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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item which supersedes ESDU Aero W.02.01.02, was monitored and guided by the
Aerodynamics Committee. This Committee first met in 1942 and now has the following membership:
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1 NOTATION AND UNITS
S British
A aspect ratio, b2/S
b wing span m ft
Cov lift-dependent drag coefficient due to wing trailing vortex
wake, (1+8)C, %nA
CL lift coefficient
c(n) chord at spanwise station n m ft
C, root chord m ft
C tip chord m ft
C standard (or geometric) mean chord, j; c(n)dn
M free-stream Mach number
n fraction of chord from wing leading-edge
S wing planform area m? ft?
X (m) streamwise distance of wing leading-edge aft of apex m ft
B compressibility parameter, (1—M2)72
) (1+9) islift-dependent drag factor dueto trailing vortex wake
A, sweepback of n-chord line deg deg
Ay, sweepback of mid-chord line deg deg
A tan((tanA,,)/B) deg deg
n spanwise distance from wing centre-line as fraction of wing
semispan
A taper ratio, ¢, /c,
Suffix
eff denotes an effective value
With Amenlolsr%ue%(%I /??t/fgﬁﬁ %%gdé — 13 pages Documents
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2. GENERAL

The lift-dependent drag coefficient due to the wing trailing vortex wake at subsonic speedsis given by

1+86 2
C, .
nA L

c, = (2.1)

Figures1to 7 present 1+ 6 for uncambered, untwisted wingswith straight leading- and trailing-edges and
streamwisetips, asafunction of BA and AtanA,, for valuesof 1 = 0, 0.05, 0.125, 0.25, 0.5, 0.75 and 1.

Except for low values of BA, Figures 1 to 7 are based on Equations (23) and (24) of Derivation 1 with
spanwi seloadings cal cul ated by means of linearised lifting-surfacetheory. Thebulk of the spanwiseloading
data used came from the sixty-four planforms considered in Derivation 1 and cover therange 1.5<BA<8.
Some additional cases were calculated, via Derivation 2 for the spanwise loading, to extend the reduced
aspect ratio, BA, up to 12. The values for BA = O were obtained by extrapolation for AtanA,,>2 and
from slender wing theory (predicting elliptic loading, with 1+5 = 1) for AtanA,,<2.

When the planform taper ratio differs from all the selected values in Figures 1 to 7 interpolation from a
crossplot of 1+38 against A isrecommended (see Section 5). Asan aid in drawing the cross-plot Figure 8
providesthe value of A, for agiven combination of AtanA,, and BA, a which 1+ isaminimum.

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 expression

AtanA,, = AtanA, +2(2n— 1)%. (2.2)

A computer program, ESDUpac A7435, that predicts 1+ is described in Appendix A.

3. APPLICABILITY

The theory from which the data were derived is linearised and relates to inviscid flow. These restrictions
areknown to be relatively unimportant for most practical purposesin calculating thelift and lift-dependent
drag due to the trailing vortex wake provided the flow remains fully attached over the wing surface. In
particular, this condition is not likely to apply, at other than low incidences, to wings with highly swept
leading-edges.
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Although the Figures were derived from calculations for straight-tapered planforms with streamwise tips
they may be applied to other types of planform via the following expressions giving equivalent values of
the required planform parameters:

1
(AtaNA ) g = %Zjo[xl(m + S (20 - 1)an (31)
1 1
and heft = IOC(n)(3n —1dn /IOC(n)(Z = 3n)dn. (3.2)

Caution should be exercised in using dataobtained fromthisltemviaEquations(3.1) and (3.2) for planforms
that depart significantly from a straight-tapered layout. For such cases the trailing vortex drag predictions
may be unduly optimistic.
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In applying datafrom this Item it should be bornein mind that camber and twist and the presence of abody,
engine nacelles etc. all affect trailing vortex drag to agreater or lesser degree. Of those mentioned the body
effect is usually the most important and is generally detrimental owing to the distortion of the spanwise

loading in its vicinity.

4, DERIVATION

The Derivation lists selected sources that have assisted in the preparation of this Item.

1 GARNER, H.C.
INCH, S.M.

2. LEHRIAN, D.E.
GARNER, H.C.

5. EXAMPLE

Subsonic theoretical lift-curve slope, aerodynamic centre and spanwise
loading for arbitrary aspect ratio, taper ratio and sweepback. ARC CP
1137, 1970.

Theoretical calculation of generalised forces and load distribution on
wings oscillating at general frequency in a subsonic stream. ARC R&M
3710, 1971.

A=3, Ay, =60 degrees, A = 0.6.

For thiswing AtanA,, = 3x tan60° = 5.2 and BA = (1-0.62)"2x3 = 0.8x3 = 24.

A

0

0.05

0.125

0.25

0.5

0.75

1

1+5

1.020

1.009

1.010

1.020

1.050

1.081

1.103
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From Figure 8 the minimum value of 1+ for thiscase occursat A = 0.075.

The data are plotted in the following graph which gives, for A = 0.6, 1+3 = 1.063.

Estimate the lift-dependent drag coefficient due to the trailing vortex wakeat M = 0.6 and C; = 0.2 for
awing with the following planform geometry:

Use of Figures 1to 7 with BA = 2.4 and AtanA,, = 5.2 yields the following table of 1+6 values.
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