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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

The construction and subsequent development of the Data Item was undertaken by

The program was prepared under contract to ESDU by Prof. G.V. Groves.

The person with overall responsibility for the work in this subject area is Mr P.D. Chappell, Head of Aircraft
Aerodynamics Group.

Chairman
Mr H.C. Garner — Independent

Members
Mr G.E. Bean*

* Corresponding Member

— Boeing Commercial Airplane Company, Seattle, Wash., USA
Dr P.C. Dexter — British Aerospace plc, Sowerby Research Centre, Bristol
Mr J.R.J. Dovey — Independent
Dr K.P. Garry — Cranfield University
Mr D.H. Graham* — Northrop Grumman Corp., Pico Rivera, Calif., USA
Mr M.J. Green — Independent
Dr H.P. Horton — Queen Mary and Westfield College, University of London
Dr D.W. Hurst — University of Glasgow
Mr M. Jager* — McDonnell Douglas Aerospace, Long Beach, Calif., USA
Mr P.K. Jones — Independent
Mr K. Karling* — Saab-Scania AB. Linköping, Sweden
Dr E.H. Kitchen — Rolls-Royce plc, Derby
Mr M. Maurel — Aérospatiale, Toulouse, France
Mr C.M. Newbold — Aircraft Research Association, Bedford
Mr J.B. Newton — British Aerospace Defence Ltd, Warton
Mr R.Sanderson — Daimler-Benz Aerospace Airbus GmbH, Bremen, Germany
Mr J. Tweedie — Short Brothers plc, Belfast.

Mr P.D. Chappell — Head of Aircraft Aerodynamics Group
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ESDU 74035
SUBSONIC LIFT-DEPENDENT DRAG DUE TO THE TRAILING VORTEX WAKE FOR 
WINGS WITHOUT CAMBER OR TWIST

1. NOTATION AND UNITS

SI British

aspect ratio, 

wing span m ft

lift-dependent drag coefficient due to wing trailing vortex 
wake, 

lift coefficient

chord at spanwise station m ft

root chord m ft

tip chord m ft

standard (or geometric) mean chord, 

free-stream Mach number

fraction of chord from wing leading-edge

wing planform area m2 ft2

streamwise distance of wing leading-edge aft of apex m ft

compressibility parameter, 

 is lift-dependent drag factor due to trailing vortex wake

sweepback of n-chord line deg deg

sweepback of mid-chord line deg deg

deg deg

spanwise distance from wing centre-line as fraction of wing 
semispan

taper ratio, 

Suffix

denotes an effective value

A b2/S

b

CDv
1 δ+( )CL

2/πA

CL

c η( ) η

cr

ct

c c η( )dη
0

1
∫

M

n

S

xl η( )

β 1 M2–( )½

δ 1 δ+( )

Λn

Λ½

Λ½M Λ½tan( )/β( )1–tan

η

λ ct /cr

eff
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ESDU 74035
2. GENERAL

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

. (2.1)

Figures 1 to 7 present  for uncambered, untwisted wings with straight leading- and trailing-edges and
streamwise tips, as a function of  and  for values of , 0.05, 0.125, 0.25, 0.5, 0.75 and 1. 

Except for low values of , Figures 1 to 7 are based on Equations (23) and (24) of Derivation 1 with
spanwise loadings calculated by means of linearised lifting-surface theory. The bulk of the spanwise loading
data used came from the sixty-four planforms considered in Derivation 1 and cover the range .
Some additional cases were calculated, via Derivation 2 for the spanwise loading, to extend the reduced
aspect ratio, , up to 12. The values for  were obtained by extrapolation for  and
from slender wing theory (predicting elliptic loading, with  for .

When the planform taper ratio differs from all the selected values in Figures 1 to 7 interpolation from a
cross plot of  against  is recommended (see Section 5). As an aid in drawing the cross-plot Figure 8
provides the value of , for a given combination of  and , at which  is a minimum. 

The data in this Item are given in terms of the sweepback of the mid-chord line, , which is related to
the sweepback of the n-chord line, , via the expression

. (2.2)

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

3. APPLICABILITY

The theory from which the data were derived is linearised and relates to inviscid flow. These restrictions
are known to be relatively unimportant for most practical purposes in calculating the lift 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. 

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:

(3.1)

and . (3.2)

Caution should be exercised in using data obtained from this Item via Equations (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. 

CD
1 δ+
πA

-------------CL
2=

1 δ+
βA A Λ½tan λ 0=

βA

1.5 βA 8≤≤

βA βA 0= A Λ½ 2>tan
1 δ+ 1)= A Λ½tan 2≤

1 δ+ λ
λ A Λ½tan βA 1 δ+

Λ½
Λn

A Λ1/2tan A Λntan 2 2n 1–( )
1 λ–
1 λ+
--------------+=

1 δ+

A Λ1/2tan( )eff
12
c
------ xl η( )

c η( )
2

------------+ 2η 1–( )dη
0

1

∫=

λeff c η( ) 3η 1–( )dη c η( ) 2 3η–( )dη
0

1

∫
0

1

∫=
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ESDU 74035
In applying data from this Item it should be borne in mind that camber and twist and the presence of a body,
engine nacelles etc. all affect trailing vortex drag to a greater 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.

5. EXAMPLE

Estimate the lift-dependent drag coefficient due to the trailing vortex wake at  and  for
a wing with the following planform geometry: 

For this wing  and .

Use of Figures 1 to 7 with  and  yields the following table of  values: 

From Figure 8 the minimum value of  for this case occurs at .

The data are plotted in the following graph which gives, for , .

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

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

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

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,  degrees, .

0 0.05 0.125 0.25 0.5 0.75 1

1.020 1.009 1.010 1.020 1.050 1.081 1.103

M 0.6= CL 0.2=

Λ½ 60= λ 0.6=

A Λ½tan 3 60°tan× 5.2= = βA 1 0.62–( )½ 3× 0.8 3× 2.4= = =

βA 2.4= A Λ½tan 5.2= 1 δ+

λ

1 δ+

1 δ+ λ 0.075=

λ 0.6= 1 δ+ 1.063=
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