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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Aerodynamics Committee. This Committee
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The computer program was prepared under contract to ESDU by Mr C. King.
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ESDU 00025

COMPUTER PROGRAM FOR PREDICTION OF AIRCRAFT LATERAL STABILITY
DERIVATIVESIN SIDESLIP AT SUBSONIC SPEEDS

SUMMARY

The construction of the input file for a program, ESDUpac A0025, which predicts aircraft lateral stability
derivatives in sideslip at subsonic speeds, is described. Sketches, based on those in the Data Items from
which the prediction methods have been taken, are given to aid the user inidentifying geometric parameters
but the underlying methods are not repeated.

The program is run online and is avail able viathe ESDU 00025 page of the ESDU website, together with
the example input files.

Genera information on the availability of Data Items on lateral stability derivatives can be found in
ESDU Aero A.06.01.00 (Reference 9) and Aero A.07.01.00 (Reference 3).
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1 NOTATION AND UNITS

The derivative notation isthat proposed in ARC R&M 3562 (Hopkin, 1970) and described in ESDU 86021
(Reference 30). Coefficients and aeronormalised derivatives are evaluated in aerodynamic-body axeswith
origin at the aircraft centre of gravity and with the wing span as the characteristic length. The derivatives
L,. N, and Y, are often written as dC, / df, dC,/ df and oC,,/ 9} or CIB , C,g @d Cyg in other
systems of notation but attention must be paid to the reference dimensions used and it is to be noted that a
constant datum value of V isemployed in the Hopkin system.
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wing aspect ratio, b2/ S

wing lift-curve slope

wing span, see Sketch 3.3

tailplane span, see Sketch 3.5
lift coefficient, (lift) / % pV>S

total lift coefficient increment due to deployment of j’th
pair of flap panels, see Section 3.6

total profile drag coefficient increment due to deployment
of j’th pair of flap panels, see Section 3.6

local wing chord

flap chord at mid-span of j'th flap panel on each half wing,
see Sketch 3.9

wing chord at mid-span of j’th flap panel on each half
wing, see Sketch 3.9

extended chord due to single-slotted flap deflection at
mid-span of j'th flap panel on each half wing, see
Sketch 3.9¢c

root chord of exposed half wing, see Sketch 3.3

fin root chord, see Sketch 3.5

wing tip chord, see Sketch 3.3

fin tip chord, see Sketch 3.5

gross wing centre-line chord, see Sketch 3.2

sawtooth depth at leading edge of inboard chord of i'th

trapezoidal panel on each half wing, positive for rearward
shift of leading edge, see Sketch 3.3
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sawtooth depth at trailing edge of inboard chord of i'th
trapezoidal panel on each half wing, positive for rearward
shift of trailing edge, see Sketch 3.3

height of body cross-section containing quarter-chord
point of wing centre-line chord, see Sketch 3.2

body cross-section height at fin root quarter-chord station,
see Sketch 3.5

body cross-section height at 0.251,,, see Sketch 3.1
body cross-section height at 0.75,,, see Sketch 3.1

height of fin, measured from fin root chord in direction
normal to longitudinal axis, see Sketch 3.5

exit diameter for K'th pair of nacelles, see Sketch 3.6

maximum cross-section height for k' th pair of nacelles, see
Sketches 3.6 and 3.7

height of fin-mounted tailplane above fin root chord, see
Sketch 3.5

angle between wing centre-line chord and body
longitudinal axis, positive leading-edge up

rolling moment, see Sketch 1.1

rolling moment derivative due to sidedlip,
(0Zlov) | Y2pVSb

longitudinal distance from body nose tip to moment
reference point, see Sketch 3.1

overall body length, see Sketch 3.1

longitudinal distance aft from moment reference point to
intersection of extended flap hinge line with plane of
symmetry for j'th flap panel on each half wing, see
Sketch 3.8; negativeif intersection is forward of moment
reference point

for kK'th pair of nacelles, overall length of jet-engine
nacelle, see Sketch 3.6 or nacelle length forward of wing
leading edge for propeller-driven aircraft, see Sketch 3.7

Mach number

longitudinal distance of cowl leading edge forward of
moment reference point for K'th pair of nacelles, see
Sketches 3.6 and 3.7
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distance of fin root quarter-chord position aft of centreof m
gravity position, measured parallel to aircraft longitudinal
body axis, see Sketch 3.5

yawing moment, see Sketch 1.1 N m

integer defining tailplane position,
0 = no tailplane, 1 = body mounted, 2 = fin mounted

integer denoting number of flap panels on each half wing,
0<N;<4

integer defining flap type for j'th flap panel, 1 = plain,
2 = split, 3 = single-slotted, O = user defined values of
ACL“- , ACij , See Section 3.6.2

integer denoting number of nacelles on each half wing

integer denoting number of panels representing each

exposed half wing (1< Npan <20), see Section 3.3.1

integer denoting presence and type of engine nacelle;
Ny = O denotes no nacelles, N = 1 denotes under-wing
pylon-mounted jet-engine nacelles, N = 2 denotes
wing-mounted engine nacelles for propeller-driven aircraft

yawing moment derivative due to sideslip,
(9410v) [ Y2pVSH

integer denoting number of spanwise dihedral segmentson
each half wing, 1<N}-<20, see Section 3.3.2

integer determining output format, 1 generates full output
and O arestricted output

aerodynamic-body axis system, see Sketch 1.1

Reynolds number based on aerodynamic mean chord of
wing

gross wing planform area m

area of side elevation of body m

area of body cross-section containing quarter-chord point  m
of wing centre-line chord

wing semi-span m

inboard, outboard spanwise limits, from plane of m
symmetry, of j'th flap panel on each half wing, see
Sketch 3.8

spanwise distance from plane of symmetry of inboard m
chord of i'th trapezoidal panel on each half wing, see
Sketch 3.3
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spanwise distance from plane of symmetry of centreline
for K'th pair of nacelles, see Sketches 3.6 and 3.7

spanwise distance from plane of symmetry to outboard
limit of m'th dihedral segment on each half wing, see
Sketch 3.4

local wing maximum section thickness

integer specifying unit system, 1 =9, 2 = British
velocity of aircraft relative to air, see Sketch 1.1
sidedlip velocity, see Sketch 1.1

width of body cross-section containing quarter-chord point
of wing centre-line chord, see Sketch 3.2

body cross-section width at fin root quarter-chord station,
see Sketch 3.5

longitudinal distance from body nosetip to leading edge of
root chord of exposed half wing, see Sketch 3.3

distance of boundary layer transition point aft of wing
leading edge (assumed same on wing upper and lower
surfaces)

sideforce, see Sketch 1.1

sideforce derivative due to sidedlip,
Y, = @Y/ 0v) /Y2pVS

height of fin root chord, measured from longitudinal body
axisin direction normal to longitudinal body axis, see
Sketch 3.5

for K'th pair of nacelles, vertical distance of nacelle centre
line below wing-pylon junction for jet-engine nacelle, see
Sketch 3.6, or below local wing chord for nacelle on
propeller-driven aircraft, see Sketch 3.7

for K'th pair of nacelles, vertical distance of nacelle centre
line below moment reference point (positive in Sketch 3.6
and negative in Sketch 3.7)

distance of quarter-chord point of wing centre-line chord
below centre of area of body cross-section, positive for
low wing, see Sketch 3.4

incidence of body longitudinal axis, see Sketch 1.1

value of o for zero wing-body lift

value of o for zero lift of isolated body, see Section 3.2
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OorwWB incidence of wing centre-line chord for zero lift, see
ESDU 87031 (Reference 31) and 89042 (Reference 32)
and Section 4.1

o, O, lower, upper limits of o for calculation

B sideslip angle, sin" (v / V), see Sketch 1.1

| R, dihedral angle of m'th spanwise segment on each half

wing, see Sketch 3.4

¥; angle between section chord line and line joining trailing
edge of undeflected flap to mid-thickness point at hinge
location for j’th flap panel, see Sketch 3.9a

) Sfj flap deflection angle for j'th flap panel, see Sketch 3.9,
2 measured in streamwise plane
wl
E Stip upward wing tip deflection due to load (gives equivalent
‘g full span dihedral angle of 67.6 &;;,/s degrees, see
© ESDU Aero A.06.01.03 (Reference 7))
>
E 0 mean upsweep angle of rear body centre-line, see
2 Sketch 3.1
=
th Ahj hinge-line sweep of j’th flap panel on each half wing, see
3 Sketch 3.8
(@)
'-'j Ag i leading-edge sweep of i’th trapezoidal panel on each half
< ’ wing, see Sketch 3.3
% Ag trailing-edge sweep of i’th trapezoidal panel on each half
E wing, see Sketch 3.3
<=
-%: Ay, wing quarter-chord sweep, see Sketch 3.2
Q.
S Ay sweep of fin quarter-chord line, see Sketch 3.5
)
a
g A wing taper ratio (tip chord / centre-line chord)
p density of air
T wing section trailing-edge angle
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denotes contribution due to isolated body
denotes contribution due to fin/tailplane
denotes contribution due to flaps

denotes contribution due to wing-body interference
arising from vertical position of wing on body

denotes contribution due to all nacelles

denotes contribution due to k'th pair of nacelles
denotes contribution due to wing planform
denotes contribution due to wing-body

denotes contribution due to wing dihedral
denotes value at 90% chord

denotes value at 99% chord

integer identifying wing planform panel

integer identifying flap panel

integer identifying nacelle

integer identifying wing dihedral segment
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X
V cos 3

& Moment reference point

Longitudinal
body axis*

&
X «
V cos B
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Sketch 1.1 Aerodynamic-body axis system

* The longitudinal body axis is a reference axis, fixed in the body in the plane of symmetry and passing through the moment reference
point. The exact direction of the axisin the plane of symmetry is conventionaly determined by considerations of mid-body geometry, the
axis being taken parallel to some convenient datum, see Section 1.2 of ESDU 81032 (Reference 21) and Section 1.2 of ESDU 82011
(Reference 23).
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2. INTRODUCTION

This Data Item describes the construction of the input file for the program ESDUpac A0025, which
evaluates the lateral stability derivatives in an aerodynamic-body axis system for an aircraft in sideslip.
Values are calculated over a specified incidence range. The methods in the program are summarised in
ESDU 81032 (Reference 21) and 82011 (Reference 23), which illustrate by worked examples the way in
which the various contributions of aircraft components are evaluated and summed to provide total values.
Tables 2.1 and 2.2 identify the individual 1tems from which methods have been taken for the program. The
third column of each Table lists the primary Items that directly address the prediction of each component
of the stability derivatives. The methods of those Items sometimes require the additional use of Items of a
more general nature; for example the estimation of awing lift-curve slope by the method of ESDU 70011
(Reference 10) is often essential. The fourth column of the Tableslistsall such necessary supporting ltems,
the methods of which have all been incorporated in the program.

With flaps deployed, values of the lift coefficient and profile drag coefficient increments due to the
deployment are required and are calculated using the Items that were available when the methods for
predicting the effect of flap deployment on the lateral stability derivatives were developed . The program
alows plain, split or single-slotted flaps, divided into as many as four panels on each half wing. Lift
coefficient increments are based on the full-span methods of ESDU 74011 (Reference 14), 74009
(Reference 12) and Aero F.01.01.08 (Reference 4), with ESDU 74012 (Reference 15) providing part-span
correction. Profile drag coefficient increments are similarly provided for full-span flaps by ESDU 87024
(Reference 24), 74010 (Reference 13) and Aero F02.01.06 (Reference 2), with Aero F.02.01.07
(Reference 1) providing part-span correction.

Users have the option to input their own values of flap lift and profile drag coefficient increments instead
of accepting the values that would be calculated by the program. In particular, for the lift coefficient
increments, empirical values for plain, split, single-slotted, double-slotted or triple-slotted flaps can be
calculated by the Items described in ESDU 97002 (Reference 33), and programmed in ESDU 99031
(Reference 34), and input as user-defined values. (Example 14 in Section 7 of ESDU 99031 gives an
example of theinput file needed to calculate flap lift coefficients at zero incidence, and Appendix A of this
Item gives the modified file appropriate to one of the worked examples of this Item.)

Section 3 details the input file construction and Section 4 describes the output format. Section 5 lists the
Derivation and References, and Section 6 provides examples.

ESDU Copyright material. For current status contact ESDU.
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TABLE 2.1
Component Dueto Primary method from Item No. | Supporting methods from Item Nos
: 17 16
(Y,)n (N) wing-body 79006 76003
VIWB B VTWB combination
(Y, (N, | nacelles 79006 and Section 3.5.2 ~
(Y,). (N,)_ | fin(inpresence | 82010% 700110
F F of body, wing
and tailplane),
rudder
undeflected
(Y,), (N,), | trailing-edge 81013%° Aero F.01.01.08
f "1 flap deployment Aero F.02.01.06° and Aero F.02.01.07*
Aero W.01.01.01°
Aero W.01.01.05°
7001110
7400912, 7401013, 74011'* and 74012%°
7600316
82010%
8702424
97003%°
TABLE 2.2
Component Dueto Primary method from Item No. Supporting methods from Item Nos
(L) wing dihedral | Aero A.06.01.03’ Aero W.01.01.01°
Aero A.06.01.09° Aero W.01.01.05°
7600316
Loy wing planform | 8003318 7001110
7600316
(L), body 730061 -
(Lyn wing-body 730061 7600316
interference
(Lyn nacelles 73006™ and Section 3.5.2 -
(Lyg fin (in presence  |82010%2 7001110
of body, wing
and tailplane),
rudder
undeflected
(L trailing-edge flap | 8003419 Aero F.01.01.08*
deployment Aero W.01.01.01°
Aero W.01.01.05°
7001110
740092, 74011 and 74012%°
7600316
97003%°
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3. INPUT DATA
Table 3.1 lists, in order, the parameters required in the input file for the ESDUpac. They are described in
Sections 3.1 to 3.6.

31 General

At thetop of theinput filethereisprovision for threelines of text to describe the run. Each line may contain
up to 72 characters and must end with a carriage return. A carriage return is still required for any line left
blank. These lines are repeated in the output file.

An integer UNITSisthen set to 1 or 2 to define the unit system; 1 = S units, 2 = British units. Within the
program al calculations are dimensionless and the unit system is irrelevant. In the output only the wing
planform area, S, and span are dimensional.

These are followed by the Mach number, M, the Reynolds number based on the aerodynamic mean chord
of thewing, R, and the lower and upper limits of the incidence range for the calculation, o, and a.,, in
degrees, entered as a pair of values on one line separated by one or more spaces. The program calculates
values at half degree intervals between o, and o, . Thefinal entry in this Section isthe integer NOP for
which value of unity produces afull output and a value of zero arestricted output, see Section 4.

32 Body Geometry (see Sketches 3.1 and 3.2)

For the body, the necessary parameters are the overall body length, |, , the distance from the nose tip to the
moment reference point, |, thebody cross-section heights, h,; and hy,, at 0.251, and 0.75l respectively,
see Sketch 3.1, the area of the side el evation of the body, S, and thewidth, W, and height, H , of the body
cross-section containing the quarter-chord point of the wing centre-line chord, see Sketch 3.2.

For bodies having a cross-section that is not circular or elliptical, H istaken as (4 / nW)S, , where S is
the area of the body cross-section containing the quarter-chord point of the wing centre-line chord. The
cross section isthereby represented as an ellipse (or circle) of height H and width W which is assumed to
be positioned with its centre of area coincident with that of the true cross section.

Finally, the angle of incidence of the body longitudinal axisfor theisolated body to be at zero lift, g, IS
entered in degrees. An experimental value may be used if available; otherwise the recommendation of
ESDU 81032 isto employ avalue of 6/2 where 6 isthe mean upsweep angle of the rear body centre-line.

ESDU Copyright material. For current status contact ESDU.

0.251,

0.751,

& Moment reference point

Sketch 3.1 Body geometry
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Equivalent (elliptical) body
reference cross-section
Centre of area of body cross-section

Section on BB through
H quarter-chord point of wing
centre-line chord

Sketch 3.2 Body cross-section geometry

ESDU Copyright material. For current status contact ESDU.

33 Wing Geometry
3.3.1 Planform geometry (see Sketch 3.3)
The next group of entries specifies the wing planform.

A gross wing planform that is straight-tapered is required for the calculation methods in the program’. To
obtain this each exposed half wing is treated as one or more trapezoidal panels.

First, to dimension and locate the wing, the span, b, the longitudinal distance of the leading edge of the
root chord of the exposed half wing aft of the body nosetip, x, , and the length of that root chord, c, , are
entered.

Except for the methods for the flap contribution, (YV) ‘ and (NV)f , which allow for the true planform geometry, see Section 3.6.
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The number of panels forming each exposed half wing is identified by inspection and entered as the
integer Npan. If Npan is unity the wing is straight-tapered. If there are discontinuities in sweep in the
leading or trailing edges due to cranks or sawteeth, the spanwise positions of the discontinuities divide the
exposed wing naturally into a number of panels. A curved wing might be represented as one with multiple

cranks, if careistaken to ensure that the exposed areas of the two wings are the same.

Each panel isdefined by specifying the spanwise distance from the plane of symmetry of itsinboard chord,
, and then its leading-edge sweep angle, Ag i and the sawtooth depth at the leading edge, d0 i » entered
as apair of values on one line separated by one or more spaces, followed by the trailing-edge angle, Agis
and the sawtooth depth at thetrailing-edge, d, ;, entered asapair of values on asecond line, see Table 31.
Positive sawtooth depths denote a rearward movement of the leading or trailing edge; they will be zero at
| asimple crank, and for the innermost panel it is only meaningful to have do, 1= dl, 1=0.

From this information the program uses the method of ESDU 76003 (Reference 16) to construct a
| straight-tapered grosswing that hasthe same exposed area, span and tip chord asthetruewing. If Npan 1,
this equivalent wing is identical to that which would be produced by extending the leading and trailing

edges of each exposed half wing to the plane of symmetry.

%D

Equivalent straight-
tapered gross half-wing

True exposed half-wing

|
|
~_

o
-

\
\
\
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Sketch 3.3 Wing planform geometry
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3.3.2 Wingdihedral, section data, height and setting angle (see Sketch 3.4)

Eight further parameters associated with the wing are now needed.

The contribution of geometric (rigid wing) dihedral to rolling moment, in the most general case, requires
the representation of the wing as a number of spanwise segments, over each of which the dihedral angleis
constant, see Sketch 3.4. (The definition of these segments is independent of the trapezoidal panels
representing the wing planform.) Theinteger N is entered to specify the number of segments on each half
wing followed by N entries of s, to denote the spanwise distance from the plane of symmetry to the
outboard limit of the m'th segment, and T",,, the dihedral angle of the m'th segment in degrees. For the
simple case of constant full-span dihedral N = 1, s, =s and I', = T'y, the value of the constant
dihedral angle. In addition, the program allows for the effect of flexible wing deflection and the next entry
is the upward wing tip deflection under load, 6, which the program translates into an effective increase
infull-spandihedral of 67.6 3, / s degrees. Theevaluation of thedihedral contribution requiresan estimate
of a wing sectional lift-curve slope and so there follow entries for the section parameters, taken at
mid-semispan, say, for the wing maximum thicknessto chord ratio, t/c, the wing thickness to chord ratios
at 90% and 99% chord, (t / ¢)gy and (t/ €)qq, thesectiontrailing-edgeangle, t, indegreesandthedistance
of the boundary-layer transition point aft of the wing leading edge as a fraction of loca chord, x,, / c,
assumed the same on wing upper and lower surfaces.

For the cal cul ation of wing-body interference, the distance of the quarter-chord point of thewing centre-line
chord below the centre of area of the body cross-section, z,,, is needed (see Sketch 3.4 and the comments
on the definition of body cross-section shape in Section 3.2).

Finally, o, in degrees, theincidence of the body longitudinal axisat zeroliftisrequired for the calculation
of the lift coefficient, see Section 4.1.

ESDU Copyright material. For current status contact ESDU.
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Srm \
m’th dihedral segment
z,, is defined in the
cross-section through
the quarter-chord point
of the wing centre-line
chord, and is positive
for alow wing.
Sketch 3.4 Wing height and dihedral geometry
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34 Fin Geometry (see Sketch 3.5)

The entrieswhich concern the fin/tail plane assembly vary slightly depending on thetailplane position. The
first entry isthe integer N, where N = 0 meansthereis no tailplane, N = 1 that it is body mounted
and Np = 2 that it is fin mounted. In all cases the following parameters are necessary: the longitudinal
distance from the moment reference point to the fin root quarter-chord point, m, the body cross-section
height and width at the fin root quarter-chord station, hg and wge, the distance of the moment reference
point below thefinroot chord, z.,. - (positive when the moment reference point isbel ow thefin root chord),
the height of the fin from its root chord, hF , the fin root chord, CE tip chord, Cip and quarter-chord

sweep, A, .

If atailplaneis present its span, by, isentered and, if it is mounted on the fin also its height above the fin
root chord, hy.

CiF

‘ ‘

Body longitudinal axis

For a body-mounted tailplane
% Moment reference point no value is entered for h

ESDU Copyright material. For current status contact ESDU.

Body-mounted tailplane Fin-mounted tailplane

M is measured to the quarter-chord point of the fin root chord

Sketch 3.5 Fin and tailplane geometry
35 Nacelle Geometry

Theinteger N is entered to denote the presence and type of nacelles. If Ny is zero there are no nacelles
and no further data are needed. If N = 1 under-wing pylon-mounted jet-engine nacelles are present and
if Ny =2 wing-mounted engine nacelles for a propeller-driven aircraft are assumed. The integer N
follows to indicate the number of nacelles on each half wing.

This page Amendment A Documents
15 Document Sharing Hub
Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,

No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 00025 A 2014


http://www.avadocuments.com/doc/esdu-00025-a-2014
http://www.avadocuments.com/doc/esdu-00025-a-2014

ESDU 00025

3.5.1 Jet-engine nacelles (see Sketch 3.6)

The program includes the methods from ESDU 73006 (Reference 11) and 79006 (Reference 17) that allow
the influence of under-wing pylon-mounted nacelles to be calculated.

For each pair of nacelles (assumed symmetrically placed about the body centre-line, one to port and one
to starboard), 1<k< N, the necessary data are the nacelle length, Ink, the longitudinal distance of the
nacelle leading edge ahead of the moment reference point, m, , the spanwise distance from the plane of
symmetry to the nacelle centre-line, Sk the maximum nacell e cross-section height, hnk , and exit diameter,
hpe - (With regard to h,, it is to be noted that the prediction methods were based on an analysis of
wind-tunnel test models fitted with free-flow nacelles.) Finaly the vertical distances of the nacelle,
centre-line below the wing-pylon junction, z, , and below the moment reference point, zy, , arerequired. -

3.5.2 Nacelleson propeller-driven aircraft (see Sketch 3.7)

ESDU TM 178 (Reference 26) gives atentative method for cal culating the effect of wing-mounted engi ne
nacelles of propeller-driven aircraft on lateral stability derivatives in sidedlip. (Note that ESDU 06012
(Reference 35) gives the influence of propeller slipstream on aircraft rolling moment due to sideslip.) As
explainedin TM 178, Reference 29 suggests amethod that, with slight modification, can be employed with
the same input parameters as the jet-engine nacelles but with h,, omitted, |, taken asthe longitudinal

distance of the cowl forward of the wing leading edge, and z,, as the vertical distance of the nacelle
centre-line below the local wing chord.

ESDU Copyright material. For current status contact ESDU.
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Sketch 3.7 Geometry for nacelles on propeller-driven aircraft
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3.6 Flap Geometry

If flaps are deployed, theinteger N; isentered to denote the number of flap panels on each half wing. The
maximum val ue of N¢ is 4. Otherwise N; must be set to zero to indicate that there are no flaps, in which
case no other data are needed.

3.6.1 Planform geometry (see Sketch 3.8)

With flaps present, for each pair of panels (assumed symmetrically placed about the wing-body centre-line, -
one to port and one to starboard), 1<j<N;, aninteger N;; is entered to denote the flap type. A value of
zero indicates that the flap type is unspecified and that user-defined values will be entered for the flap lift
and profile drag coefficient increments, AC,  and ACpy;. , See Section 3.6.2. If the program isto calculate -
theincrements, N;. = 1 specifiesaplain flap, Nfj = 2 asplitflapand N, = 3 asingle-dlotted flap. In al
four cases, after each Nfi the inboard and outboard spanwise limits, from the plane of symmetry, of each
panel, s;; and s, , areentered asapair of values on oneline. These are followed by the hinge-line sweep,
Ay, » andthe longitudinal distance aft from the moment reference point to the intersection of the extended
flap hinge line with the plane of symmetry, Ihj , See Table 3.1. Flaps of different type may be used in a
single calculation.

If the flap coefficient increments are calculated by the program, the body interference effect that can occur

iscalculated by the method of ESDU 97003 (Reference 25), which requiresthat theinboard flapsfit closely
to the body side and defines the fit as being such that [(W/2) —s;;4] / $<0.05.

& Moment reference point

ESDU Copyright material. For current status contact ESDU.

I

! j’ th flap panel

Sketch 3.8 Flap panel geometry
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3.6.2 Flap lift and profile drag coefficient increments (see Sketch 3.9)

If N, =0, values of ACij and ACDfJ- for each panel follow the flap planform parameters detailed in
Section 3.6.1. Otherwise flap section geometry at the mid-span of each panel isneeded. In all casestheflap
chord to wing chord ratio, cfj/c- , and the flap deflection, 6;; , measured streamwise in degrees, are needed.
For split flaps no more data aré required. However, for the other two types, additional data are necessary.
For plain flaps, the angle between the section chord line and the line joining the trailing edge of the
undeflected flap to the mid-thickness point at the hingelocation (see Sketch 3.9a), vv. , in degreesisrequired.
For uncambered sections Y = 0. For single-dlotted flaps, the extended chord (see Sketch 3.9c) to wing
chord ratio is needed.

The program does not treat contributions from leading-edge high-lift devices. However, leading-edge slats
that extend over most of the wing |eading-edge contribute, typically, between 0.005 and 0.010to L,, (see
ESDU 80034 (Reference 19)). When a case with flaps deployed is treated, the program includes in the
output a message to that effect as a reminder to the user. The small effect of slatson Y,, and N,, can be
treated by employing user-defined values of AC, s, and ACps and including the slat contribution to lift
coefficient in ACLfJ- and the dat contribution to profile drag coefficient in ACij (see ESDU 81013
(Reference 20)).

a) Plain flap

Section at mid-span of j’th flap panel

ESDU Copyright material. For current status contact ESDU.

b) Split flap

c) Slotted flap

Sketch 3.9 Flap section geometry
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TABLE 3.1
General, see Section 3.1.
TEXT Thefirst three lines of the input file are read as text and are written to the
TEXT output file to enable the user to describe arun. Each line may contain up to
TEXT 72 characters and must end with a carriage return. A carriage return is still
required for any blank line.

UNITS Integer determining units; 1 = S units, 2 = British units.

M Mach number.

R Reynolds number based on aerodynamic mean chord of wing
oy Oy Lower and upper limits of incidence of body longitudinal axis (deg), as pair

of values on one line separated by one or more spaces. The program
calculates values at half degree intervals between o, and o, .

NOP Integer determining output format; 1 generates full output, O arestricted
output.

continuing

Body geometry, see Section 3.2.

ly Overall body length.

I Longitudinal distance from nose tip to moment reference point.

| hpy Body cross-section height at 0.25l .
| hpo Body cross-section height at 0.75l, .
| S Areaof side elevation of body.
W Width of body cross-section containing quarter-chord point of wing

centre-line chord.

ESDU Copyright material. For current status contact ESDU.

H Height of body cross-section containing quarter-chord point of wing
centre-line chord.

Oop Value of o for isolated body to be at zero lift.
continuing
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Wing planform geometry, see Section 3.3.1.

ESDU Copyright material. For current status contact ESDU.

b Wing span.
X, Longitudinal distance from body nosetip to leading edge of root chord
of exposed half wing.
C, Root chord of exposed half wing.
Npan Integer. Number of trapezoidal panels representing each half wing.
(1< Npan <20) . Note that the panels are numbered from 1 to Npan
successively moving outboard from the body.
S Spanwise distance from plane of symmetry of inboard chord of i’th
trapezoidal panel.
L eading edge sweep (deg) and sawtooth depth at leading edge of

Ao o inboard chord for i’'th trapezoidal panel, as pair of values on oneline

' ' For separated by one or more spaces. Positive d ; denotes rearward

1<i< Npan movement of leading edge. ’
Trailing edge sweep (deg) and sawtooth depth at trailing edge of

Ay dg inboard chord for i'th trapezoidal panel, as pair of values on oneline

’ ’ separated by one or more spaces. Positive d, ; denotes rearward

movement of trailing edge. '
continuing
Additional wing geometry, see Section 3.3.2.

Np Integer. Number of wing segments defining geometric dihedral on each
half wing, (1<N<20). Note that the segments are numbered from 1
to N~ successively moving outboard from wing centre-line.

Srm I'm  For 1<m<Np Spanwise distance from plane of symmetry of outboard limit of m'th
segment on each half-wing ( = b/2 for m = N). Dihedral angle (deg)
for m'th segment.

Stip Wing tip deflection under load.

t/c Wing maximum thickness/chord ratio.
(t/C)g Wing thickness/chord ratio at 90% chord.
(t/C)gg Wing thickness/chord ratio at 99% chord.

T Wing section trailing-edge angle (deg).

Xy ! C Distance of boundary layer transition point aft of leading edge as
fraction of local chord, assumed the same on both upper and lower
surfaces.

Zyy Distance of quarter-chord point of wing centre-line chord below body
centre-line, positive for low wing.
Og Incidence of body longitudinal axiswhen the wing-body combination is
continuing
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