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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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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COMPUTER PROGRAM FOR ESTIMATION OF LIFT CURVE TO MAXIMUM LIFT
FOR WING-FUSELAGE COMBINATIONSWITH HIGH-LIFT DEVICESAT LOW
SPEEDS

Theprogram, ESDUpac A9931, hasbeenwrittenin ANSI FORTRAN 77 for use on machinesusing PC/MS
DOS. An auxiliary program, ESDUpac B9931, is also provided.

SUMMARY

The construction of the input file for an ESDUpac that predicts the lift curve from the zero-lift angle of
attack to the maximum lift coefficient is described. The program applies to aerofoils, wings and
wing-fuselage combinations at low speeds with leading-edge and trailing-edge high-lift devices deployed.
Sketches from the Data Items from which prediction methods have been taken are reproduced to aid the
user in determining geometric parameters but the underlying methods are not repeated.

General information on the availability and use of Data ltems on high-lift deviceswithin the Aerodynamics
Seriesisto be found in Item No. 97002%*,
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1 NOTATION AND UNITS

The aerofoil or wing with no high-lift devices deployed is described in this Item as the basic aerofoil or

ESDU Copyright material. For current status contact ESDU.

basic wing.
S British
A aspect ratio
ab construction lengths (see Sketch 1.6¢) m ft
a, lift-curve slope of basic wing rad % rad %
(a1), lift-curve slope of basic aerofoil rad % rad %
CALC input file entry to select calculation procedure
(see Table 3.1 or Sketch 3.1)
CL lift coefficient; (lift)/qSfor wing, (lift)/qc for aerofail
Cim maximum lift coefficient of aerofoil with high-lift
devices deployed
CLmB maximum lift coefficient of basic aerofail (high-lift
devices not deployed)
AC increment in aerofoil maximum lift coefficient due to
deployment of high-lift devices
AC| increment in aerofoil maximum lift coefficient due to
deployment of leading-edge device
AC| increment in aerofoil maximum lift coefficient due to
deployment of trailing-edge flap
Cl maxB maximum lift coefficient of basic wing (high-lift devices
not deployed)
C\ maxaf maxir_num lift cpeffi _ci ent qf basic wing-fuselage
combination (high-lift devices not deployed)
Cl maxw maximum lift coefficient of wing with high-lift devices
deployed
C\ maxwf m_axi mum I_ift coe_ffici ent of wing-fuselage combination
with high-lift devices deployed
AC| hax increment in wing maximum lift coefficient due to
deployment of high-lift devices
AC| maxf increment in maximum lift coefficient due to fuselage
AC| axi increment in wing maximum lift coefficient due to
deployment of leading-edge devices
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increment in wing maximum lift coefficient due to
deployment of trailing-edge flaps

aerofoil lift coefficient at zero angle of attack with
high-lift devices deployed

increment in aerofoil lift coefficient at zero angle of
attack due to deployment of high-lift devices

increment in aerofoil lift coefficient at zero angle of
attack due to deployment of leading-edge device

increment in aerofoil lift coefficient at zero angle of
attack due to deployment of trailing-edge flap

lift coefficient at zero angle of attack for basic aerofail
(high-lift devices not deployed)

lift coefficient at zero angle of attack for basic
wing-fuselage combination (high-lift devices not
deployed)

lift-coefficient at zero angle of attack for basic wing
(high-lift devices not deployed)

lift coefficient of wing at zero angle of attack with
high-lift devices deployed

lift coefficient of wing-fuselage combination at zero
angle of attack with high-lift devices deployed

increment in wing lift coefficient at zero angle of attack
due to deployment of high-lift devices

increment in wing lift coefficient at zero angle of attack
due to deployment of |eading-edge devices

increment in wing lift coefficient at zero angle of attack
due to deployment of trailing-edge flaps

chord of basic aerofail, local chord of basic wing
extended chord, i.e. chord with high-lift devices deployed
aerodynamic mean chord of basic wing

chord of |eading-edge device (see Sketches 1.4 and 1.6)

chord extension due to deployment of leading-edge
device (see Sketches 1.4 to 1.6)

extended chord of |eading-edge device (see Sketches 1.4
t0 1.6)

wing chord at n = Np (see Sketch 1.2a)

wing root (centre-line) chord
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chord of trailing-edge flap (see Sketches 1.7 and 1.8)

chord extension due to deployment of trailing-edge flap
(see Sketches 1.7 and 1.8)

chord of first, second, third element of slotted
trailing-edge flap system (see Sketch 1.9)

extended chord of first, second, third element of slotted
trailing-edge flap system (see Sketch 1.9)

chord extension due to deployment of first, second, third
element of slotted trailing-edge flap system
(see Sketch 1.9)

dat or vented Kriiger gap; distance between device
trailing edge and section surface, measured normal to
surface (see Sketches 1.6aand 1.6b)

fuselage height (see Sketch 1.10)

height of dlat or vented Kriger flap trailing-edge above
section chord line (see Sketches 1.6a and 1.6b)

height of quarter-chord point of wing root (centre-line)
chord above fuselage longitudinal centre-line (see
Sketch 1.10)

input file entry to alow or prohibit possibility of
fuselage/trailing-edge flap interference (see Section 4.1)

angle between chord line of wing root (centre-line)
section and fuselage longitudinal centre-line
(see Sketch 1.10)

overlap between deployed sat or vented Kriiger flap
trailing-edge and fixed-section nose

(see Sketches 1.6a and 1.6b)

free-stream Mach number

values of free-stream Mach number in input file,
1<k<Nyr

input file entry to indicate type of leading-edge device
(see Table 3.2), for multiple panelsj = 1 to N,

number of Mach number valuesfor calculation in
ESDUpac B9931

number of pairs of Mach number and Reynolds number
values for calculation in ESDUpac A9931

number of leading-edge device panels on each half-wing

number of trailing-edge flap panels on each half-wing
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N, (Np). input file entry to indicate type of trailing-edge flap (see
: Table 3.2), for multiple panels j = 1 to N,
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N, number of deflection angle settings of |eading-edge
devices
N number of deflection angle settings of trailing-edge flaps
n denotes nt'-chord line (0<n<1), n = 0 indicates
leading edge, n = 1 indicatestrailing edge
q free-stream kinetic pressure N/m? | bf/ft2
R. Reynolds number based on ¢
R, Reynolds number based on T
Ry values of Reynolds number ininput file, based on c for
aerofoil and € for wing, 1<k< Nyvr
S wing planform area 2 2
s semispan m ft
TES input file entry to indicate presence or absence of slotted
trailing-edge flap for basic aerofoil or wing (any panel)
(see Section 4.1)
TYPE input file entry to indicate aerofoil or wing section
category (see Section 4.1)
t section maximum thickness m ft
t, section thickness at trailing-edge m ft
W fuselage width (see Sketch 1.10) m ft
X general chordwise station measured streamwise from m ft
leading edge of section, positive aft, (see Sketch 1.1d)
Xem chordwise location of z.,, (see Sketch 1.1d) m ft
X| chordwise location of undeployed slat trailing edge m ft
(see Sketch 1.6a)
Xim chordwise location of z,,, (see Sketch 1.8) m ft
X, chordwise location of fixed-section nose m ft
(see Sketch 1.6a)
X chordwise location of boundary-layer transition; same m ft
location assumed on both surfaces
Xis chordwise location of flap-shroud trailing edge m ft
(see Sketch 1.9)
Xum chordwise location of z . (see Sketch 1.1d) m ft
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chordwise location of trailing edge of c," for deployed
Kruger flaps and sealed dlats (see Sketch 1.5)

general section ordinate, positive above chord line

maximum height of camber line of basic aerofoil or wing
section (see Sketch 1.1d)

camber-line ordinate at x/c = 0.5
camber-line ordinate at x/c = 0.92

vertical location of hinge line for drooped leading edge
(see Sketch 1.4)

lower-surface ordinate, negative below chord line
valueof z/c at x = £c¢/100

maximum (negative) lower-surface ordinate (see
Sketch 1.8)

upper-surface ordinate, positive above chord line
valueof z /c at x = £c/100

maximum upper-surface ordinate (see Sketch 1.1d)

angle of attack of aerofoil or wing root (centre-line) chord
angle of attack for C

angle of attack for C; v

angle of attack for C, .. s

zero-lift angle of attack for basic wing (high-lift devices
not deployed)

zero-lift angle of attack for wing-fuselage combination
with high-lift devices deployed

deflection of leading-edge device (see Sketches 1.4 to
1.6)

deflection of trailing-edge flap, positive trailing-edge
down (see Sketches 1.7 and 1.8)

deflection of first, second, third element of dlotted
trailing-edge flap system relative to datum of preceding
element, positive trailing-edge down (see Sketch 1.9)

twist angle of wing chord at n = 2/3, positive nose up

spanwi se distance from wing root (centre-line) chord as
fraction of semi-span
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values of 1 for inboard, outboard limits of j’th
leading-edge device panel, 1<j <N,

values of 1 for inboard, outboard limits of j’th
trailing-edge flap panel, 1<j <N,

value of n for section of basic wing with peak loading
due to angle of attack (see Sketch 1.2)

hinge-line sweep of trailing-edge flaps, (see Sketch 1.3b)
sweep of n-chord line of basic wing

wing taper ratio, tip chord/root (centre-line) chord
dimensionless coordinate, £ = 100x/c

leading-edge radius (see Sketches 1.4 to 1.6)
trailing-edge angle (see Sketch 1.14)

trailing-edge angle (see Sketch 1.1b)

trailing-edge angle (see Sketch 1.1¢)

aerofail upper-surface angle (see Sketch 1.1d)

angle between aerofoil datum and tangent to upper
surface at trailing edge (see Sketch 1.7a)

dummy integer variables

asin ( );, denotes values associated with device panels 1<j <N

Section properties are taken at panel mid-span

asin (), , denotes values associated with root
(centre-line) section

asin ( ),5, denotes values associated with section at
n=273

7

Licensee=/, User=,
Not for Resale,

deg

deg
deg
deg
deg
deg

nl’

deg
deg

ft
deg
deg
deg
deg
deg

1<j<N,y,.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-99031-b-2009
http://www.avadocuments.com/doc/esdu-99031-b-2009

ESDU 99031

Taken from Item Nos
Aero W.01.01.05
72024

(@

Taken from Item Nos
Aero W.01.01.05
97020

cl(z,/C) gy — (z/C) gyl

cl(z,/C)gg — (7/C) gg]

Chord line
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(b) A 0.9c T A 0.99c

tan(t,/2) = {[(zu/c)go—(z|/c)90] —[(zu/c)gg—(z|/c)99]} /0.18

Sketch 1.1 Aerofoil geometry (continuing)
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cl(z,/c)g,]
- Taken from Item No
= 97020

Camber Iipe

Chord line Bt~

A 0.9c 0.99c
(c)

tanty,, = [(7,/C)gy—(Z,/C)gg] / 0.09

Taken from Item Nos

z 84026
A 89034
tb
c[(zu/c)l_zs] 1 Camber line
= T —— '
—c[(zI/c)lzs] ' Chord line -Z, - T
0.0125¢C <
Xum R
> Mid-point
X > of base
XCITI -
- C >
(d)
Sketch 1.1 (concluded)
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Taken from Item No.
89034

A

AA Streamwise plane for section
geometry input parameters of
Ce } wing for use in the calculation of

_ maximum lift coefficient.
n - np

_ v .
€) K}
AC

A
_

Taken from Item Nos
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91014
92031
ns AA' Within the program the
- - section parameters of the normal
S JK section AA' are calculated from
0 those at AA for use in the
caculation of the maximum lift
coefficient.
Cr
Plane for section
\ . A
\ representing wing
1
A
(b)
AC,
—y S -
Sketch 1.2 Wing notation, with indication of station n = Np
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Taken from Item No.
96032

BB Streamwise planes for
NG section geometry input of
high-lift device panels.

+<
E

(M;)sS

(a) L eading-edge device

Taken from Item Nos
93019
95021
97009
97011
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Note that for trailing-edge slotted flaps it is normally sufficiently accurate to take
Ay, to bethe sweep of_the leading edge of the flap system in its deployed position
or the sweep of the trailing edge of the flap shroud.

(b)  Trailing-edgeflap

Sketch 1.3 Wing notation with high lift devices undeployed (single panel)
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- c’ -
- C -
CI
Acy ) Aerofoil datum (chord line)
\\‘~§ SN N izh \/
® ’ < _ _ Taken from Item Nos
o, Q\&K Hinge axis 94027
S 5, 2k 96032
2 %
L ) CI The flap datum is the
S - aerofoail chord line
g
It 8, positive as shown Ztan (5,/2)
>
2 //
+ - - . O
=
s
§ .
5 e
L
= %h
g | .
g Construction for c’[see Equation (1.2) ]
<
.90
z
8 T
3 Hinge axis
(%]
Ll
From the sketch,
C| = ¢ +z,tan(y,/2) (1.2)
and c' = ¢+ 2z,tan(9, /2). (1.2)

Equations (1.1) and (1.2) relate to the specific type of device shown in the sketch, i.e. a device deployed
by rotation around a lower-surface hinge. Many variations in design are possible and the corresponding
valuesof ¢} and c’ appropriate to any other arrangement used would have to be determined.

Sketch 1.4 Plain leading-edge flaps and drooped leading edges
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Taken from Item Nos
- 94027
X, 96032

(@) Sealed dat —_—

ACI P

[
"/ % |8 | B [ aerofoil datum (chord ling
/

/ o

(b) Upper-surface
Kriger flap

.~ H (+ve)  Aerofoil datum (chord line)
- B +
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|

_ Aerofoil datum (chord line)
H, (-ve)

(c) Lower-surface
Kriger flap

Sketch 1.5 Kruger flaps and sealed slats (continuing for definitions of A and B)
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Krlger flaps and sealed dlats have no slot and are therefore quite similar, in terms of their operation, to
plain |leading-edge flaps; the method for predicting AC, ,, islikewise similar. Careis, however, required
for the definition of equivalent flap chord ¢| and deflectionangle ;. Sketches 1.5(a) to 1.5(c) show how
they are defined for sealed dats and two forms of Kriger flap, termed upper-surface and lower-surface
Kriger flaps.

For the sealed dlat and upper-surface Kriger flap the equivalent leading-edge flap is taken to be related to
that part of the aerofoil and flap forward of the point at which the section first departs from the original
upper-surface profile due to the deployment of the flap, i.e. points A on Sketches 1.5(a) and 1.5(b). The
flap chord and deflection consistent with this are shown on those sketches. Thereis of necessity a small
difference in the definitions for the case of the lower-surface Kriiger flap, see Sketch 1.5(c).

Sealed slats and upper-surface Kriiger flaps (Sketches 1.5(a) and 1.5(b))

For sealed slats and upper-surface Kriger flaps the values of ¢, and o, for the equivalent plain flap are
obtained asfollows. A straight lineis drawn from the leading edge, passing through the centre of the flap
leading-edge radius to point A, the point of departure from the original aerofoil surface. A circle centred
on the mid-point of this line intersects the basic aerofoil chord at point B. The straight line joining B to
the flap leading edge and passing through the centre of the flap |eading-edge radius defines the equivalent
plain flap chord c| . The angle between that chord and the aerofoil chord defines 3 .

Lower-surface Kriger flap (Sketch 1.5(c))

For alower-surface Kruger flap, where the flap trailing-edge is on the aerofoil lower surface, the chord c|
is taken as the length of the line drawn from A to the leading edge of the flap, passing through the centre
of the flap leading-edge radius. The angle between that chord and the agrofoil chord defines 6, .

In Sketches 1.5(a) to 1.5(c)

c' = c+Ag = c+cp =%, . (1.3

Sketch 1.5 Kriger flaps and sealed slats (concluded)

ESDU Copyright material. For current status contact ESDU.
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Taken from Item Nos

o 94027
- AN 96032
- c
Point of rotation X| JL N
(@) Sat defining Ac -

d,, H,, and L, positive as shown

(b) Vented Kriiger flap
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Sketch 1.6 Slatsand vented Kriger flaps (continuing)
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a= H, cosec §, tan (5, /2)

b=asng, @q‘*\

- S
= H, tan (§,/2) \\,g

S
& a
’ S
o\ I
00939/ :

™ H,

(c) Construction for ¢’
[see Equations (1.5a) and (1.5b)]

B B n s
Aerofoil datum
Rotation point

57

The deflection, §,, of both slats and vented Kriger flaps is defined using the angle between the datum
chords of the dlat (or flap) and the aerofoil. The dat (or flap) datum chord is defined using the line passing
through the centre of the leading-edge radius and the dat (or flap) trailing edge. The extended chord, c’,
and the chord extension, Ac;, are defined by rotating the slat (or flap) about the intersection of the slat (or
flap) and aerofoil datum chords, as shown in the sketch.

In Sketches 1.6(a) and 1.6(b), for aslat and vented Kriiger flap
€| = ¢ —Hcosecs, . (1.9
For adlat, the geometry in Sketch 1.6(a) gives

c' = C+AC|

ESDU Copyright material. For current status contact ESDU.

= c+c|—xn—L|—b

For avented Kriger flap, the geometry in Sketch 1.6(b) gives

c' = c+Ag

Sketch 1.6 Slatsand vented Krger flaps (concluded)
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Taken from Item Nos

94028
97011

—— — Aerofoil datum (chord line)

(a) Plain flap

—— — Aerofoil datum (chord line)

(b) Extended plain flap

Sketch 1.7 Plain flap
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Taken from Item Nos

. 94029
- c=c¢c . 97009
Cy
Aerofoil datum (chord line)
m
le ‘}
a lit fl
@ » - Flap datum
C/
Cy¢
c h ACt
¢_Zlm
o ot
Xim \
(b) Extended split flap
Sketch 1.8 Split flap
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Taken from Item Nos
' 93019
¢ .| 94030

(a) Single-dotted flap

" Flap datum is rotated aerofoil datum

(¢

- X

ts

mm (chord line)

(b) Double-dotted flap

Taken from
Acyy Item Nos
94031

* First element datum is chord line of element 95021

* Second €lement datum is rotated aerofoil datum

A
|

C r‘—tlr I ——

B Xts

First
T element
datum’
(c) Triple-dlotted flap
Second
element
Third \ St3 doUM”
* First element datum is chord line of element element
* Second and third element datums are rotated aerofoil datum datum®
Sketch 1.9 Slotted flap
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Taken from Item No
97003

h is negative for alow wing,
positive (as shown) for a high wing

4y quarter-chord point
of wing root (centre-line)
chord

Taken from Item No
89042

Body centre-line

| Section on plane of symmetry |

Sketch 1.10 Wing-fuselage geometry
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2. INTRODUCTION

Details are provided of a program, ESDUpac A9931, which calculates the maximum lift coefficient, the
lift coefficient at zero angle of attack and the lift curve of aerofoil sections and straight-tapered wingswith
high-lift devices deployed at |low speeds. The basic wing (no devices depl oyed) may have camber and twist.
The program includes methods that allow for the presence of a fuselage. For completeness, calculations
can be made for the aerofoil and wing when there are no high-lift devices deployed but the prediction of
the shape of the non-linear part of thelift curve should betreated with caution becauseit employsatechnique
devel oped for usewhen high-lift devices aredeployed*. Themethod isintended for use only for free-stream
Mach numbers up to about M = 0.25. No allowance is made for ground effect.

Anauxiliary program, ESDUpac B9931, allowsthe prior cal culation of the spanwise position of the section
of the basic wing that has the peak loading due to angle of attack. It is necessary to know that section
because full runs of the main program for wings and wing-fuselage combinations require its geometry.

A companion program described in Item No. 930158 allows calculations of the maximum lift coefficient
to be made for abasic wing for subcritical Mach numbers. The program introduced in Item No. 93015 also
permits aerofoil characteristics to be calculated for Mach numbers up to 0.4. However, neither the lift
coefficient at zero angle of attack nor the general shape of thelift curveis estimated.

The methods empl oyed within the program to determine the maximum lift coefficient and thelift coefficient
at zero angle of attack are those given in Item Nos 84026° and 94027 to 94031 for aerofoils with and
without high-lift devices and in Item Nos 89034 and 91014°, 920317, 93019°, 95021'°, 9603217, 97009%°
and 97011 for wings with and without high-lift devices. The method of Item No. 96003 is used to
calculatethelift curve. Thecalculation of the zero-lift incidence, the lift-curve slope and the lift coefficient
at zero angle of attack for a basic aerofoil or wing section are made using Item Nos 720242, 97020°! and
980112, in preference to using the more approximate methods given in other Items before [tem Nos 97020
and 98011 were available. Thisprovidesgreater consistency throughout the program although the changes
in magnitude are small and of little consequence in the overall construction of the lift curve. Some Items
employ a two-dimensional lift-curve slope from Item No. Aero W.01.01.05% in the estimation of device
effectiveness and the method of that Item is retained in such cases to preserve the integrity of the original
correlations.

The presence of afuselage is modelled viaits effect on the zero-lift angle of attack, using the method of
Item No. 89042°, and through its influence on the performance of high-lift devices if they are fitted close
tothefuselageside. Themethod of Item No. 970038 isused to determinethefusel age effect ontrailing-edge
flaps. Theinfluence of the fuselage on the performance of leading-edge devicesistreated by assuming that
they extend to the fuselage centre-line. For the fuselage effect on maximum lift coefficient the user must
enter an increment derived from experiment or based on experience as there is no Data Item method for
the prediction of that contribution, which is thought to be small.

ESDU Copyright material. For current status contact ESDU.

Section 3 highlights some particular features of the programs. Section 4 describes the input files required
by the programs A9931 and B9931 and Section 5 discusses the output. Section 7 provides examples of
input and output filesfor specific cases. Section 6 liststhe Derivation and References. Appendix A presents
aflow chart that gives an alternative description of the construction of input files for A9931.

For basic aerofoils and wings the angle of attack for the onset of non-linear behaviour may be obtained from Item No. 8803023 and is
dependent on section geometry and, for wings, planform geometry. At present there is no Data Item that addresses the lift curve beyond
that angle of attack, but it islikely that the subseguent non-linear behaviour up to maximum lift is also dependent on section and planform
geometry. These effects are masked by the additional effects associated with high-lift devices when they are deployed and are not
represented in the simple fairing that models the lift curve as the maximum lift coefficient is approached. However, comparisons with a
few data have shown that the use of the fairing developed for cases where devices are deployed gives an improvement over a linear
assumption and, in the absence of a more detailed aternative, thisis used for basic aerofoils and wings to provide an initial estimate of
the curve in the non-linear range.
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3. PROGRAM FEATURES

For aerofoil calculations, the program A9931 readsin all the required geometric and flow datafrom asingle
directed input file. For the case of awing or awing-fuselage combination it is usually necessary to run the
auxiliary program B9931 first in order to determine Ny the spanwise location of the peak loading due to
angle of attack for the basic wing. Strictly, this varies with Mach number but for M <0.25 the movement
issufficiently small to be neglected. It issuggested that users run B9931 for aMach number in the middle
of their range of interest. With n, known, the user can then identify the section geometry at that station
and enter it in the input file for A9931.

Thereisone special feature in the entry of the basic-section geometry in that the user may specify whether
the sectionisof ‘conventional’ or ‘modern’ type, thelatter description denoting rear-loaded sections which
terminate with a small trailing-edge base thickness, incorporate large rear camber, and have a higher
maximum lift coefficient than ‘ conventional’ sections with the same (zu/c)12 and tant, see Item No.
84026°. Alternatively, the program can be set to make the decision automatlc':a? ly through atest based on
the geometry over the rear 10% of the section chord. If, at x/c = 0.9, (z,-7)/z,>0.64 and if, at the
trailin%-edge, t,/c>0.004, the section is taken as ‘modern’. (These criteria were adopted in Item No.
93015°.) If the user selects the category awarning message is output should the choice be contrary to that
which the program would have made.

Where geometric details of the aerofoil, wing, fuselage or high-lift system are required the user isreferred
to sketches that identify the necessary parameters. The sketches identify the source Data Item(s) from
which they have been reproduced, with additional annotation in some cases.

For the basic wing, linear and non-linear spanwise variations of geometric twist and camber are allowable,
provided that the twist variation and the spanwise variation of section zero-lift angle due to camber are
monotonic and give amodest effective tip twist angle, of lessthan 10° say. For such cases, geometric data
are re(jlui red only for the wing root (centre-line) section and the wing section at n} = 2/3, see Item No.
89034".

Calculations may be made at a number of Mach number and Reynolds number pairs. At each pair there
may be one or more settings of the leading-edge device. At each leading-edge device setting there may be
one or more trailing-edge flap settings.

The user is allowed to select from anumber of different types of run. Instead of calculating the whole lift
curve, a run may be restricted to the calculation of the lift coefficient at zero angle of attack or to the
calculation of theincrement in the lift coefficient at zero angle of attack due to the deployment of high-lift
devices, with or without the calculation of the increment in maximum lift coefficient. There is aso a
provision for user-defined lift coefficients to be used for the basic aerofoil, wing or wing-fuselage
combination in place of the calculated values. Table 3.1 associates each type of run with an integer value
of the parameter CALC which isused as a switch in the program. The flow chart in Sketch 3.1 guides the
user through the run selection process.

ESDU Copyright material. For current status contact ESDU.

For wing and wing-fuselage combinations, cal cul ations of theincrements dueto device deployment require
section data at the mid-span of each device panel, see Sketch 1.3. Where needed in the calculation of the
increments in maximum lift coefficient, the program automatically converts section properties and
leading-edge device deflection angles to those normal to the leading edge and converts trailing-edge flap
deflection anglesto those normal to the flap hinge-line. For calculations that do not include the estimation
of increments in maximum lift coefficient fewer section data are required.
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NOTE: Itispossibleto runthe program with no high-lift devices deployed, in which case only the properties of the basi c wing-fuselage combination, wing
or aerofoail, Clog CLow: CLo ClLmaxaf’ CLmaxg O CLmp Wi Il be output.

TABLE 3.1
Calculation for Calculate User-defined values for
CALC | Aerofoil | Wing V(\:Aonrg;%ﬁiz%e CLowt+ | CLmawi |HfECUVE| AC, o, or | AC 0, AC| sy | Clog | Cimaxs | CLost |CLmaxat| ACLmaxt
CLow | CLmaxw AC g onlyjor AC o, AC ;| OF or Cp g
or CLO or CLm onIy CLOBW
see NOTE| see NOTE

1 v v v v

2 v v v v v v

3 v v

4 v v v

5 v v

6 v v

7 v v v v

8 v v v v v v

9 v v

10 v v v

11 v v

12 v v

13 v v v v v m
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17 v v
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Employ user-defined values for lift
coefficient at zero angle of attack and
maximum lift coefficient of basic
configuration?

YES

Calculate full lift curve to maximum
lift coefficient?

NO

Calculatelift coefficient at zero angle
of attack only?

YES

Calculateincrementsinlift coefficient
at zero angle of attack and in
maximum lift coefficient only?

Employ user-defined valuesfor lift
coefficient at zero angle of attack of

NO

Calculate incrementsin lift
coefficient at zero angle of

basic configuration? attack only?
YES
NOY V YES y
NOY Y ves Y YES
Select calculation No. Select calculation No. Select calculation No. Select calculation No. Select calculation No. Select calculation No.

CALC = 1for aerofail
CALC =7 for wing
CALC = 13 for wing fuselage

CALC = 2 for aerofail
CALC =8for wing
CALC =14 for wing fuselage

CALC = 3for aerofail
CALC =9for wing
CALC = 15 for wing fuselage

CALC = 4 for aerofail
CALC =10 for wing
CALC =16 for wing fuselage

CALC =5for aerofail
CALC =11 for wing
CALC =17 for wing fuselage

CALC = 6 for aerofail
CALC =12 for wing
CALC =18 for wing fuselage

Sketch 3.1
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Thedifferent typesof high-lift devicesthat may be selected aregivenin Table 3.2, together with theintegers
N, or (Nl)j and N, or (Nt)j that will be used to identify them in the program input file.

ESDU Copyright material. For current status contact ESDU.
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TABLE 3.2
Integers that identify the type of leading-edge and trailing-edge high-lift
devices.
Leading-edge device Trailing-edge flap
N; or (Ny), Type N; or (Ny), Type
1 plain flap 1 plain
2 droop 2 split
3 sealed dat 3 slotted
4 Kriger 4 double-slotted
5 dat 5 triple-slotted
6 vented Kriger
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Section 4 describes the input files for the programs A9931 and B9931 in detail.

The absence of leading-edge or trailing-edge devicesisindicated by setting the number of deflection angles
Ns; or Ng, to zero.

Calculations may be carried out with different types of high-lift devices over different spanwise segments
of awing. For example, there could be a dotted trailing-edge flap panel over the inboard part of awing
and aplain trailing-edge flap panel outboard. Thereisan important restriction in the case of leading-edge
devices: if the calculation isto include the prediction of maximum lift coefficient, there can beonly asingle
device panel which must extend to the wing tip.
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4, INPUT FILES

41 Input Filefor A9931

Table 4.1 lists, in order, the parametersrequired in the input file for ESDUpac A9931. Unless specified as
integers or charactersall entries may be entered in free numerical format, separated by one or more spaces.
A supplementary flow chart that gives a diagrammatic representation of the input is given in Appendix A
but it includes fewer comments.

At the top of the input file there is provision for the use of three lines of text, each ending with a carriage
return, to describe a particular run. These will be reproduced in the output file. A carriage return must still
be entered for any blank line.

Thisisfollowed by the entry CALC, acalculation number chosen from thefirst column of Table 3.1 or via
the flow chart in Sketch 3.1 to specify the type of run to be performed.

The number N,,» of Mach number and Reynolds number pairs at which calculations are to be performed
is then entered, followed by a column listing of the values M, R, for 1<k<N,,~. A maximum of ten
pairsis permitted.

If acalculation for awing or wing-fuselage combination has been selected, CALC = 7 to 18, the geometric
parameters that define the wing planform, namely aspect ratio, A, taper ratio, A , fractional chord line, n,
and the sweep angle of that line, A, ae entered.

For calculations involving the maximum lift coefficient of wings, i.e. CALC =7, 8, 11, 13, 14 or 17, it is
now necessary to enter the value of n,,, the dimensionless spanwise location of the peak loading due to
angle of attack for the basic wing, which may be found by using ESDUpac B9931, see Section 4.2. For the
same wing and wing-fusel age calculation options and for the aerofoil calculation options CALC =1, 2, 4,
5and 6 avalueof 0 or 1isnow entered for the switch TESto indicate the absence or presence (respectively)
of single or multiple slotted trailing-edge flaps for any one of the wing trailing-edge panels or the aerofoil.
This affects both the required input data and some cal cul ations made within the program, usually those for
maximum lift coefficient, where the presence of dotted trailing-edge flaps affects the efficiency of
leading-edge devices.

The next set of entries relates either to the geometry of the basic aerofoil or of the basic-wing section at
Np-A ‘full’ set of section dataisrequired if the cal culationsinvolve the prediction of maximum lift for the
basic aerofoil or wing (CALC = 1, 7 or 13) or the calculation of the lift coefficient at zero angle of attack
for the basic aerofoil (CALC = 3). A much smaller set of section data or none is usually required in other
calculations because user-defined values of lift coefficients are supplied or the calculations are restricted
to increments due to device deployment or to zero angle of attack. However, there isthe exception that if
dlotted trailing-edge flaps are present (TES= 1) for calculation options CALC = 2, 5, 8, 11, 14 or 17 thefull
set of basic section data must be entered at this point. This is because the increment in maximum lift
coefficient due to such devices involves a small contribution from a datum value for the basic-section
maximum lift coefficient.

ESDU Copyright material. For current status contact ESDU.

The full set of section geometry data begins with the specification of the section category or type, see
Section 3. Setting TYPE = P allowsthe program to decide the category, while TYPE = M specifiesamodern
section and TYPE = C specifies a conventional section. Then the thickness to chord ratio, t/c, and the
dimensionless chordwise location of boundary-layer transition, x,/c, are entered, followed by the
dimensionless chordwise | ocation and the val ue of the maximum upper-surface ordinate, x, /¢ and z./c,
and the trailing-edge angle t, in degrees. Finally, there is a column of entries of the dimensionless
upper-surface and lower-surface coordinates at each of 17 standard values of dimensionless chordwise
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location, (x/c); (zu/c)i and (zllc)i , for (x/c); =0, 0.0, 0.0125, 0.025, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,0.8,0.9, 0.95, 0.99 and 1.0. Fourteen of these are required to determine the section theoretical zero-lift
angle of attack, with additional values at 0.01 and 0.0125 needed by the correlating parametersfor C | 5
and the value at 0.99 required for the determination of the trailing-edge angles t, and t,, used in the
calculation of section lift-curve slope.

For the calculation option CALC = 2, provided that there are no dotted trailing-edge flaps, i.e. TES has
been set to zero, the section geometry that is required is restricted to the thickness to chord ratio, t/c, the
dimensionless chordwise position of boundary-layer transition, x,/c, the trailing-edge angles, 7, 7, and
7,4 the dimensionless chordwise location and the value of the maximum upper-surface ordinate, x,,/c
and z,,/c, and the upper-surface and lower-surface ordinates at x/c = 0.05, (zu/c)5 and (z|/c)5. These
permit the method of Item Nos 72024 and 97020%! to be used to estimate the basic aerofail lift-curve slope.
Notethat abasiclift-curveslopeisa so needed for the cal cul ation of the effectiveness of slotted trailing-edge
flaps on aerofoils but in that instance, to maintain consistency with the original correlation of the flap
effectiveness, the method of Item No. Aero W.01.01.05% isused. If TES=1and CALC=4or 6 only the
latter lift-curve slopeis needed, in the calculation of ACLOt , and the section datafor the basic aerofoil are
reducedtot/c, T and 1.

Further data are necessary at this point if the calculation of C, g for the basic aerofoil or C, 5, for the
basic wing isrequired. For the aerofoil (CALC = 1 or 3) theratio of the camber line ordinates at x = 0.92c
and 0.5¢, Z.g,/Z.s,, Which is used in the method of Item No. 980117, isall that is necessary. (A value of
unity is entered for z.4, / .5, for uncambered sections.) For the wing or wing-fuselage (CALC =7, 9, 13
or 15) the entries are more compex. Firstly, the twist angleat n = 2/3, §,/5, isentered. Then come the
root (centre-line) section dimensionless upper-surface and lower-surface coordinates at each of 15 standard
values of dimensionless chordwise location, in a column of values (x/c),;, (zu/c)r. , (z/c) i fori =1to
15 with (x/c),; =0, 0.025, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, 0.99 and 1.(5, followed by
the camber prdlnateratlo (2092/2C50)r. Vauesof (x/C),5; > (zu/c)Z/ i (z,/c)Z/3i and_ (Ze0p!Zc50) 55 f_oIIow
for the section at n = 2/3. These data enable the zero-lift angle ?or the root section and the section at
n = 2/3 to be calculated and thence, with §,,5, the zero-lift angle of attack for the wing. It isimportant
to note that the methods in the underlying Data Items, and therefore in the program, allow only for linear
or non-linear but monotonic twist distributions and for non-uniform camber distributions that induce a
linear or non-linear but monotonic variation of section zero-lift angle across the wing semi-span. This
restriction allows the wing characteristics to be modelled satisfactorily in terms of geometric data entered
only at the root section and the sectionat n = 2/3.

ESDU Copyright material. For current status contact ESDU.

The next series of entries applies when a fuselage is present (CALC = 13 to 18). An option is provided
through the entry INT to prohibit or allow the possible fuselage effect on trailing-edge flap performance
that occurs with flaps fitted close to the fuselage side. With INT = 0 allowance is made only for the direct
effect of the fuselage on the lift coefficient at zero angle of attack and on maximum lift coefficient. The
required geometric data are then the ratio of fuselage width to wing semi-span, W/s, and the setting angle
of the wing root (centre-line) chord with respect to the fuselage centre-line, iy,,. If INT =1, the effect of
the fuselage interference on flap performanceis permitted and the height of the wing root chord relative to
the fuselage height, h/H , is afurther necessary parameter. The fuselage height and width and the wing
height are all measured in a spanwise section passing through the quarter-chord point of the wing root
chord, see Sketch 1.10, which dso illustrates iy,,. These entries are omitted if there is no fuselage.

Within the program, with INT = 1, for flap panels with an inboard limit that is less than 0.005s outboard
from the fuselage side the predicted interference effect, which is modelled through a fictitious inboard
extension of the flap panel towards the fuselage centre-line, isincluded in full, see Item No. 970038, but
the effect is decreased linearly to zero as the gap size increases to 0.05s, and remains zero for greater gaps.
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For leading-edge devices, whatever the value of INT, the panel isassumed to extend inboard to the fuselage
centre-line if the gap between the inboard panel limit and the fuselage side is less than or equal to 0.005s.
It is assumed that there is no interference if the gap is greater than 0.005s, when the true inboard limit of
the panel is used.

(In the above, the value of 0.005s has been chosen as a representative value indicating that some effort has
been made to ensure that the leading-edge and trailing-edge devices fit closely to the fuselage side. Itis
not an exact demarcation.)

If the user has selected a calculation option that requires user-defined data for the basic aerofoil, wing or
wing-fuselage combination or for the fuselage effect on maximum lift coefficient, the necessary data are
input at this point according to CALC = 2, 4, 8, 10, 13, 14 or 16 asindicated in Table 4.1 and the input file
flow chartin Appendix A. Values must be entered N, times.

Thefinal entries concern the geometry of the high-lift system. Inall casesthe user first enters the number
of different settingsfor the leading-edge device and trailing-edge flap by entering integersfor N, and N, .
If both arezero no further dataarerequired. Setting either to zeroindicatesthe absence of the corresponding
device. A maximum of ten settingsis allowed for each device.

For the aerofoil, CALC = 110 6, it is necessary only to indicate the type of leading-edge and trailing-edge
high-lift devices by specifying the two integers N, and N, obtained by a cross-reference to Table 3.2.
If N5, =0, N, isomitted andif Ng, = 0, N, isomitted. For awing or wing-fusel age combination, the device
dataentry ismore complex becauseit is necessary to allow for anumber of panels of different devicetype,
although thereistherestriction that for cal culations of maximum lift there can be only asingleleading-edge
device panel which must extend to the wing tip. So that, if CALC = 7 to 18, N, is entered to denote the
number of leading-edge device panels, followed by a series of entries (N))., (n;))., (Ng): for 1<j<N,,

to identify the type and inboard and outboard limits for each panel, startiJng with the inboard panel and
proceeding outboard but, for CALC =7, 8, 11, 13, 14 and 17, N, must be unity and (n) | must be unity
and the program will not permit other entries. For the remaining calculation types, CALC = 9, 10, 12, 15,
16 and 18, thereisan upper limit of 5on N, . Asfor the aerofoil case, if N5, = 0, no leading-edge device
data are needed. For trailing-edge flaps, for all calculations, CALC = 7 to 18, N, is entered to denote the
number of trailing-edge device panels, followed by aseries of entries (N,)., (n;p);» (Ngp); for 1<j<N,

to denote the type and inboard and outboard limits of each panel, startihg witH the inthoard panel and
proceeding outboard. Thereisanupper limitof 5on N, . If Ng, = 0 notrailing-edge device dataare needed.

ESDU Copyright material. For current status contact ESDU.

Values of deflection angle and dimensionless geometry are then entered for the aerofoil devices or each
wing device panel as detailed in Table 4.1 and the input file flow chart in Appendix A. The data required
vary with device type and may include some properties of the basic section. Data are entered first for the
leading-edge devices and then for the trailing-edge flaps. Some parameters (e.g. gap size) are assumed to
vary with each setting and must be entered Ny, or Ny, times, asindicated, while other parameters (e.g. flap
chord) remain constant and are entered only once.

Calculations that involve maximum lift, CALC =1, 2, 5, 7, 8, 11, 13, 14 and 17, may require more data
than those concerned only with the lift coefficient at zero angle of attack, CALC =3, 4, 6, 9, 10, 12, 15, 16
and 18. In particular, for wing and wing-fusel age cal culationsit isnecessary to include the hinge-line sweep
for trailing-edge flaps.

Note that |eading-edge slats and vented-Krlger flaps (N, or (N,). =5 or 6) require the input of the device
chord to section chord ratio ¢, / ¢ but that the other types of Ieaﬂjing—edge device require the input of the
extended device chord to section chord ratio ¢, / c.
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For Kriger flaps the underlying methods for maximum lift assume that the |eading-edge radius of the flap
is the same as that of the basic section. (Experimental data for the more general case were too sparse for
the development of a more comprehensive method, see Section 4.3 of Item No. 9402710, In the absence of
other information, for aKruger flap with aleading-edge radiusthat isdifferent from that of the basic section,
it is suggested that the additional effect on maximum lift may be approximated as the difference between
the maximum lift of the basic section and that of the basic section modified to have the same |eading-edge
radius as the Kriiger flap.)

It isof particular interest to note that when afull input file has been created for a calculation to maximum
lift the user can always generate the lift curve for the basic aerofoil, wing or wing-fuselage combination
by setting N5, and Ny, to zero. There is no need to delete the device geometry data because with
N5, = N5; = O they are smply not read. However, as stated in Section 2, the prediction of the non-linear
shape of the lift curve should be treated with caution because it employs a technique developed for use
when high-lift devices are deployed. Setting N5, = N5, = 0 for calculation types where few program
options are selected, e.g. CALC = 6, will not cause the program to fail but little or only trivial datawill be
output.

ESDU Copyright material. For current status contact ESDU.
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TABLE 4.1

Input Comments

TEXT Thefirst threelines of the input file are read astext and are written

TEXT to the output file to enable the user to describe the run. Each line

TEXT may contain up to 72 characters and must end with a carriage
return. A carriage return isstill required for any blank line.

CALC Integer. Indicator for calculation type, selected from Table 3.1 or
Sketch 3.1.

Nyr Integer. Number of Mach number and Reynolds number pairs at
which calculations are made, 1<N,,3<10 .

; Pairs of Mach number and Reynolds number,

0<M,<0.25; 0.7<R x10"°<9 (aerofoils) or <12 (wings).!

IFCALC =7t0 18
Al n A,

For awing calculation, values of aspect ratio, taper ratio, fractional
chord line and sweep of nth-chord line (deg),
2<A<10,0.1<A<1,0<n<1,

o r 2(1-h o oo .
0<A,<50°, tan [—WJSA%SSO | —20°< A, <50°.

IFCALC=7,8, 11,13, 14 0r 17

Mp

Dimensionless spanwise location of peak |oading on basic wing.
Program B9931, see Section 4.2, allows n, to be calculated.

14 or 17

IFCALC=1,245,6,7,8, 11, 13,

TES

Indicator for presence of dotted trailing-edge flaps.

TES = 1 indicates presence of dotted trailing-edge flaps for
aerofoil or wing.
TES = 0 indicates absence of slotted trailing-edge flaps for
aerofoil or wing.

ESDU Copyright material. For current status contact ESDU.

continuing

T For wings, the range 0.7 < Ry x 10° <12 reflects the limits of the experimental database studied in the development of the
method for C ..«xg » @nd the program halts with an error message |f that range is exceeded for CALC =7, 8, 13 or 14. The
methods in the program additionally require that 0.7 < Rk(c /tc)cos AO x10 "<9.
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Section properties of basic aerofoil or of basic wing at Np-
IFCALC=1,3,70r 130R (IFTES=1AND CALC=2,5, 8,11, 14 or 17)
TYPE" Indicator for category of section (see Section 3),
P indicates that the program will decide,
M indicates a modern section,
C indicates a conventional section.
t/c Thickness to chord ratio, 0.06<t/c<0.24.
X,/ C Dimensionless chordwise location of boundary-layer transition,
0<x,/c<05.
X,m/C Z,m/C Dimensionless chordwise location and value of maximum upper-
surface ordinate (see Sketch 1.1).
= T Trailing-edge angle (deg) (see Sketch 1.1a), 0<t<25°.
)
- : : : Section dimensionless upper-surface and lower-surface ordinates at
8 /o). (z.1c). (z/]o). each of 17 standard values of dimensionless chordwise location,
S ( . i u )i ( ! ) (x/c); =0,0.01, 0.0125, 0.025, 0.05, 0.1,0.2,0.3,0.4,0.5, 0.6, 0.7,
o ' ‘ ' 0.8,0.9,0.95,0.99and 1.0, for 1<i<17.
;:-'é Restricted sets of section data for basic aerofoil.
it IFTES=0AND CALC=2
=
th t/c Thickness to chord ratio,
>
(S)
= X, /C Dimensionless chordwise position of boundary-layer transition,
" 0<x,/c<05.
= T Trailing-edge angle (deg) (see Sketch 1.1a), 0<t<25°.
% T4 Trailing-edge angle (deg) (see Sketch 1.1b), 0<1,<25°.
S -
* Tau Trailing-edge angle (deg) (see Sketch 1.1c), 0<t,,,<25°.
.90
% Dimensionless chordwise station and value of maximum
S Xuml € Zym/© upper-surface ordinate.
8 Upper-surface and lower-surface
zlc z/c
rk (2/0)5 (#/C)g ordinates at x/c = 0.05.
IFTES=1AND CALC=40r6
t/c Thicknessto chord ratio.
T Trailing-edge angle (deg) (see Sketch 1.1a), 0<1t<25°.
T4 Trailing-edge angle (deg) (see Sketch 1.1b), 0<1,<25°.

continuing

* Comments on TYPE selection, see Section 3, are output only for CALC = 1, 7 or 13 because it has no effect on CALC = 3
calculations, but is input for consistency of input file format, and has only a small effect, through a basic-section datum, on
the increment in maximum lift coefficient due to deployment of slotted flaps.
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Further dataare required for the calculation of C| o5 for the basic aerofail or C, 5, for the basic wing.

IFCALC=1o0r3.

Ratio of camber ordinate at x = 0.92¢ to camber ordinate at

Z.g,Z
€9277cS0 x = 0.5¢. (Entered as unity for an uncambered section.)

IFCALC=7,9, 13 or 15.

Geometric twist angleat n = 2/3, in degrees, relative to the root
(centre-line) chord, positive nose up.

S2/3

Data for root (centre-line) section:

Section dimensionl ess upper-surface and lower-surface ordinates at
each of 15 standard values of dimensionless chordwise location
(x/c); = 0,0.025,0.05,0.1,0.2,0.3,04,05,0.6,0.7, 0.8, 0.9,

(x/lc)ri (zu/lc)ri (zlllc)ri
' ' ' 0.95,0.99and 1.0for 1<i<15.

(zC92/2050)r Ratio of camber ordinate at x = 0.92c¢ to camber ordinate at
x = 0.5c. (Entered as zero for an uncambered section.)

Data for sectionat 1 = 2/3:

. . Section dimensionless upper-surface and lower-surface ordinates at
: each of 15 standard values of dimensionless chordwise location
(XIC),5 (z,/C), .. (ZlC), ..
. 208l L2130 (x/c); = 0,0.025,0.05,0.1,0.2,0.3,04, 05, 0.6,0.7, 0.8, 0.9,
: : 0.95,0.99 and 1.0 for 1<i<15.

(Ze0p!Zc50) 55 Ratio of camber ordinate at x = 0.92c to camber ordinate at
x=0.5c. (Entered as unity for an uncambered section.)

continuing
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The following data are necessary if afuselage is present, CALC = 13 to 18, and are omitted otherwise.
IFCALC =13t018

INT Integer. If INT = 0 the fuselage effect on trailing-edge flap
performanceisneglected. If INT = 1 the possible effect isalowed,
but decreases linearly to zero as the gap between the fuselage side
and the inboard panel limit increases from 0.005sto 0.05s. An
interference effect is alwaysincluded for aleading-edge device,
whatever the value of INT, provided the inboard gap is less than
0.005s but is omitted otherwise.

IFINT=0 ‘ Ratio of body width to wing semi-span, setting angle of wing root
Wis | (centre-line) chord with respect to centre-line of fuselage (deg)
w (see Sketch 1.10).
IFINT=1 ‘ Ratio of body width to wing semi-span, setting angle of wing root
Wis i h/H (centre-line) chord with respect to centre-line of fuselage (deg),
w

height of wing relative to fuselage height (see Sketch 1.10).

The following data are necessary if user-defined values are to be supplied. The quantities depend on the
calculation procedure selected, see Table 3.1. Vaues are entered N, times.

IFCALC=2 ‘ User-defined values of lift coefficient at zero angle of attack and of
maximum lift coefficient for basic aerofail.

CLOB cLmB

IFCALC =4 ‘ User-defined value of lift coefficient at zero angle of attack for
C basic aerofail.
LOB
IFCALC =8 ‘ User-defined values of lift coefficient at zero angle of attack and of

C C maximum lift coefficient for basic wing.
LOBw LmaxB

ESDU Copyright material. For current status contact ESDU.

IFCALC =10 ‘ User-defined value of lift coefficient at zero angle of attack for
C basic wing.
LOBw
IFCALC=13 ‘ User-defined value of effect of fuselage on maximum lift
AC coefficient.
Lmaxf
IFCALC=14 ‘ User-defined values of lift coefficient at zero angle of attack and of

C c maximum lift coefficient for basic wing-fuselage combination.
LOBf LmaxBf

IFCALC =16 ‘ User-defined value of lift coefficient at zero angle of attack for
basi ¢ wing-fuselage combination.

Cost

continuing
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Number of settings of high-lift system, CALC=1t0 18

\ " Integers. Number of settings of leading-edge device and
trailing-edge flap. If both are zero no further data are required. Two
values must be entered; N6| = 0 indicates no leading-edge device,
Ny = O indicates no trailing-edge flap. (0< Ny ,N5,<10.)
High-lift system specification for aerofoil, CALC = 1 to 6.

N, Integer. Identifies leading-edge devicetype. See Table 3.2.
(Omitted if Ng; = 0.)

Integer. Identifiestrailing-edge flap type. See Table 3.2

(Omitted if Ng, = 0.)

High-lift system specification for wing, CALC = 7 to 18

N

N

Integer. |dentifies number of leading-edge device panels, 1<N,, <5.

(Omitted if Ng; = 0.) For CALC =7, 8, 11, 13, 14 or 17, N, must
be unity as only asingle panel is allowed.

nl

Integer that identifies leading-edge device type for each of N,
panels, see Table 3.2, with the positions of the inboard and outboard
limits of each panel as afraction of wing semi-span, 1<j<N,.
(Omitted if Ng; = 0.) Innermost panel entered first and proceeding
outboard. For CALC =7, 8,11, 13, 14 or 17, (n) | must be unity as
the single permitted panel must extend to the wing tip.

(N))

1] (n”)j (n9|)j

<5.

nt Integer. Identifies number of trailing-edge flap panels, 1<N, ;<

(Omitted if N3, = 0.)

Integer that identifies trailing-edge device type for each of N,
panels, see Table 3.2, with the positions of the inboard and outboard
limits of each panel as afraction of wing semi-span, 1<j<N,,.
(Omitted if Ng, = 0.) Innermost panel entered first and proceeding
outboard.

(N,)

vj (nit)i (n."t)i

continuing
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