ESDU 97002

Issued March 1997

With Amendments A to D
August 2007
Supersedes in part
ESDU 75013

Information on the use of

ESDU Copyright material. For current status contact ESDU.

Endorsed by
The Royal Aeronautical Society

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 97002 D 2007

Data Items on high-lift devices

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-97002-d-2007
http://www.avadocuments.com/doc/esdu-97002-d-2007

ESDU 97002

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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 in part Iltem No. 75013, was monitored and guided by the
Aerodynamics Committee. This Committee first met in 1942 and now has the following membership:
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INFORMATION ON THE USE OF DATA ITEMSON HIGH-LIFT DEVICES

1 NOTATION AND UNITS
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S British
aspect ratio, b2/S
basic wing linear lift-curve slope radt rad—t
wing span, 2s m ft
drag coefficient, (drag)/qS
profile drag coefficient
trailing-vortex drag coefficient
extrapolated (notional) zero-lift drag coefficient for basic wing
(high-lift devices undeployed), see Section 5
increment in C,, due to full-span trailing-edge flaps
vaueof AC, for full-span flaps on unswept wing
lift coefficient; (lift)/qc for aerofoil, (lift)/qSfor wing
lift coefficient due to incidence and any camber or twist
maximum lift coefficient of aerofoil with high-lift devices
deployed
increment in aerofoil maximum lift coefficient due to high-lift
devices
increment in aerofoil maximum lift coefficient due to
leading-edge devices
increment in aerofoil maximum lift coefficient due to trailing-
edge flaps
maximum lift coefficient of basic aerofoil (high-lift devices
undeployed)
maximum lift coefficient of basic wing (high-lift devices
undeployed)
maximum lift coefficient of wing with high-lift devices deployed
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AC| hax incr.ement in wing maximum lift coefficient due to high-lift
devices

AC| haxi incr.ement in wing maximum lift coefficient due to leading-edge
devices

AC| axt increment in wing maximum lift coefficient due to trailing-edge
flaps

Cilo aerofail lift coefficient at zero angle of attack with high-lift
devicesdeployed, C, o5 + AC

AC| increment in aerofoil lift coefficient at zero angle of attack dueto
deployment of high-lift devices

AC increment in aerofoil lift coefficient at zero angle of attack dueto
deployment of leading-edge devices

AC| o increment in aerofoil lift coefficient at zero angle of attack dueto
deployment of trailing-edge flaps

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

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

Clow wing lift coefficient at zero angle of attack with high-lift devices
deployed, C, g, + AC| g

AC| ow increment in wing lift coefficient at zero angle of attack dueto
high-lift devices

AC giw increment in wing lift coefficient at zero angle of attack due to
leading-edge devices

AC| otw increment in wing lift coefficient at zero angle of attack dueto
trailing-edge flaps

Ch aerofoil pitching moment coefficient at angle of attack, (pitching
moment)/qc?, referenced to c/4

AC., increment in aerofoil pitching moment coefficient due to angle of
attack fromvalueat o = 0

Cino aerofail zero-lift pitching moment coefficient

C o wing zero-lift pitching moment coefficient

Crw wing pitching moment coefficient at angle of attack, (pitching
moment)/qSc, referenced to C /4

AC W increment in wing pitching moment coefficient due to angle of
attack fromvalueat o = 0

Crwao wing pitching moment coefficient at zero angle of attack,
meocOB + Ameoco

This page Amendment A Documents
2 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 97002 D 2007


http://www.avadocuments.com/doc/esdu-97002-d-2007
http://www.avadocuments.com/doc/esdu-97002-d-2007

ESDU 97002

meocOB
ACmwocO
ACmlwocO
ACm'[WocO
CmocO

)

- CrnooB

w

4+

®

e ACmocO

o

(S]

wv)

-}

©

17 ACmIocO

)

c

(7]

b

3 ACmtocO

—

o

L

- C

.©

— —

2 c

£

= ho

.20

—

>

o

S

D AhO

()

wn

w
I']Ow
AhOW
h1
Ah,
h1W

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU

pitching moment coefficient at zero angle of attack for basic
wing (high-lift devices undeployed)

increment in wing pitching moment coefficient at zero angle of
attack due to deployment of |eading-edge device or trailing-edge
flap either separately or in combination

increment in wing pitching moment coefficient at zero angle of
attack due to deployment of |eading-edge device

increment in wing pitching moment coefficient at zero angle of
attack due to deployment of trailing-edge flap

aerofoil pitching moment coefficient at zero angle of attack,
CmoaOB + ACmocO

pitching moment coefficient at zero angle of attack for basic
aerofoil (high-lift devices undeployed)

increment in aerofoil pitching moment coefficient at zero angle
of attack due to deployment of |eading-edge device or
trailing-edge flap either separately or in combination

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

increment in aerofoil pitching moment coefficient at zero angle
of attack due to deployment of trailing-edge device

aerofoil chord m
wing aerodynamic mean chord m

aerodynamic centre of aerofoil, taken through zero angle
of attack, expressed as fraction of ¢, measured positive
aft from c/4

changein h, for aerofoil due to deployment of high-lift devices,
measured positive aft

aerodynamic centre of wing, taken through zero angle of attack,
expressed as fraction of €, measured positive aft from ¢ /4

changein h,, for wing due to deployment of high-lift devices,
measured positive aft

effective centre of lift due to angle of attack for aerofoil,
expressed as fraction of ¢, measured positive aft from c/4

changein h, for aerofoil due to angle of attack with high-lift
devices deployed, measured positive aft

effective centre of lift due to angle of attack for wing, expressed
asfraction of C, measured positive aft from C /4

This page Amendment B
3

Licensee=/, User=,

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

Full document details: ESDU 97002 D 2007

ft
ft

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-97002-d-2007
http://www.avadocuments.com/doc/esdu-97002-d-2007

ESDU 97002

Ahyy, changein h,,, for wing due to angle of attack with high-lift
devices deployed, measured positive aft
h, centre of incremental lift at zero angle of attack dueto
trailing-edge flap deflection on aerofoil section expressed as
fraction of chord, measured positive aft from aerofail
quarter-chord position
hy centre of incremental lift at zero angle of attack due to
|eading-edge device deployment on aerofoil section expressed as
fraction of basic aerofoil chord, measured positive aft from
aerofoil quarter-chord position
K constant used in estimation of vortex drag for part-span flaps, see
) Equation (5.3)
o)
g ks vortex drag factor due to flap deflection alone, see Equation (5.4)
§ Ky vortex drag factor due to wing incidence and any camber or twist
§ (with flaps undeflected), see Equation (5.4)
§ Kis vortex drag factor dueto interaction between loading due to wing
§ incidence, camber and twist and loading due to flap deflection,
s see Equation (5.4)
(O]
g free-stream kinetic pressure N/m2 Ibf/ft2
(8]
S S wing planform area m? ft?
© S wing semi-span m ft
(O]
g o angle of attack rad, deg  rad, deg
%o Ogg angle of attack for zero lift of basic wing (high-lift devices not rad, deg rad, deg
% deployed)
3 Olow angle of attack for zero lift of wing with high-lift devices rad, deg rad, deg
= deployed
(%]
- O maxw angleof attackforC, . rad, deg  rad, deg
d (1 + 9) islift-dependent drag factor due to trailing vortex wake
u conversion factor for estimation of AC, for part-span flaps
T section trailing-edge angle deg deg
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2. INTRODUCTION

This Data Item provides an introductory review of those Data Items in the Aerodynamics Series that deal
with the changes in lift, pitching moment and drag of a two-dimensional aerofoil or a wing due to the
deployment of high-lift devices.

Section 3 discussesthe incrementsin lift coefficient at zero angle of attack and in maximum lift coefficient
due to the deployment of various high-lift devices. The variation of the lift-curve up to the maximum lift
coefficient is also addressed.

Section 4 is devoted to the information provided on pitching moment characteristics.
Section 5 discusses the prediction of drag characteristics.

Section 6 refersto some miscellaneous effects treated by other Dataltems. In particular, Section 6.1 covers
the use of plain trailing-edge flaps as controls.

Section 7 lists the References.
2.1 Presentation of Data

In general, the effects of high-lift devicesonthebasic aerofoil or wing lift and pitching moment coefficients
and on the drag coefficient at zero lift are represented by increments in those quantities caused by agiven
device deflection. The methods given in the Data Items are largely empirical, being based on extensive
wind-tunnel data.

For devicesthat do not appreciably increasethe effectivewing area, early tests suggested that theincrements
were practically independent of the test conditions such as wind-tunnél turbulence and Reynolds number.
Provided that the stall region was avoided, a slight variation of the lift and pitching moment coefficient
increments with angle of attack could be neglected. For devices that substantially increase the effective
wing area, it was found that if the lift and pitching moment coefficient increments were analysed on the
basis of the extended area then they too were practically independent of test conditions and varied only
dightly with angle of attack. Furthermore, if they were considered as functions of the device deflection
angle and the ratio of the device chord to the extended aerofoil or wing chord, they formed a consistent
family with the increments of corresponding devices that do not extend the chord. The effect of wing area
extension on the profile drag coefficient increments may be neglected provided that the area extension is
small. For systems involving large area extensions it is again necessary to base initial calculations on the
extended area.

ESDU Copyright material. For current status contact ESDU.

It may be noted that although the increment in wing lift coefficient at zero angle of attack shows a strong
dependence on lift-curve slope, the increment in pitching moment coefficient at zero angle of attack is
independent of the lift-curve slope. The effect of thisis that the centre of lift moves further aft as aspect
ratio decreases.

The recent analysis now included in the Data Items shows that the lift coefficient increment at maximum
lift coefficient has a Reynolds number dependence. Furthermore, the predictions of the lift and pitching
moment coefficients with angle of attack need to include an effect of Reynolds number and a non-linear
effect of angle of attack, to provide substantial improvement over the assumption of alinear variation. If
theratio of device chord to wing chord and the dimensionless wing section geometry are not constant along
the device span, an estimate must be made using a strip theory.

Most Data Items contain an Accuracy and Applicability Section that discusses the reliability of their
prediction methods. This should be consulted when each individual Data Item is used. All Data Items
contain one or more worked examples.
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3. INCREMENTSIN LIFT COEFFICIENT
3.1 Incrementsat Zero Angle of Attack and in Maximum Lift Coefficient
311 Aerofoils(see Table3.1)

Anintroductionto the estimation of theincrementsinlift coefficient at zero angle of attack andin maximum
lift coefficient for aerofoils dueto high-lift device deployment at low speedsis provided in Item No. 94026.
That Item a so discusses stall type and the different characteristics of various types of |eading-edge devices
and trailing-edge flaps. Data are available in Item No. 94027 for aerofoils with leading-edge devices that
include plain leading-edge flaps, drooped leading edges, dats (including sealed slats) and Kriger flaps
(including vented Kriigers). Datafor plain trailing-edge flaps, split trailing-edge flaps and for single-slotted
and multiple-dlotted trailing-edge flaps, acting alone or in conjunction with leading-edge high-lift devices,
are available in Iltem Nos 94028, 94029, 94030 and 94031, respectively. The increments may be combined
withthevaluespredicted for thebasic aerofoil in Iltem No. 84026 to providetotal valuesof thelift coefficient
at zero angle of attack and at maximum lift.

Thus Clo =ClogTAC y = ClogtAC o +AC, o (3.1)

and Cim = CLug +AC 1 = Clmg + AC i + AC, my » (32)

Lm Lml
asillustrated in Sketch 3.1. (Item No. 94026 provides further qualitative discussion on the different effects
of leading-edge devices and trailing-edge flaps of various types.) Table 3.1 shows where methods for

predicting the constituent terms of Equations (3.1) and (3.2) may be located.
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