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ESDU 89010
ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item which supersedes ESDU Aero C.04.01.09, was monitored and guided by the
Aerodynamics Committee. This Committee first met in 1942 and now has the following membership:

The technical work in the assessment of the available information and the construction and subsequent development
of the Data Item was undertaken by

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

Chairman
Mr H.C. Garner — Independent

Vice-Chairman
Mr P.K. Jones — British Aerospace (Commercial Aircraft) Ltd, Woodford

Members
Mr G.E. Bean*

* Corresponding Member

— Boeing Aerospace Company, Seattle, Wash., USA
Dr N.T. Birch — Rolls-Royce plc, Derby
Mr E.A. Boyd — Cranfield Institute of Technology
Mr K. Burgin — Southampton University
Dr T.J. Cummings — Short Brothers plc
Mr J.R.J. Dovey — Independent
Mr L. Elmeland* — Saab-Scania, Linköping, Sweden
Dr J.W. Flower — Independent
Mr P.G.C. Herring — Sowerby Research Centre, Bristol
Mr R. Jordan — Aircraft Research Association
Mr J.H. Kraus* — Northrop Corporation, Hawthorne, Calif., USA
Mr J.R.C. Pedersen — Independent
Mr R.Sanderson — Messerschmitt-Bölkow-Blohm GmbH, Bremen, W. Germany
Mr A.E. Sewell* — McDonnell Douglas, Long Beach, Calif., USA
Mr M.R. Smith — British Aerospace (Commercial Aircraft) Ltd, Bristol
Miss J. Willaume — Aérospatiale, Toulouse, France.

Mr R.W. Gilbey — Senior Engineer.
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ESDU 89010
EXAMPLE OF PROCEDURE IN CALCULATION OF CONTROL HINGE MOMENTS
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ESDU 89010
EXAMPLE OF PROCEDURE IN CALCULATION OF CONTROL HINGE MOMENTS

1. NOTATION AND UNITS (see Sketch 1.1) 

SI British

aspect ratio of wing

aspect ratio of horn

, rates of change of lift coefficient with angle of attack and control 
deflection respectively

rad–1 rad–1

increase in balance due to horn, see Table 2.3

, , rates of change of hinge-moment coefficient with angle of attack, 
control deflection and tab deflection respectively,

rad–1 rad–1

, increments in ,  due to horn rad–1 rad–1

hinge-moment coefficient,

 for two-dimensional sections

 for wings

 for increments due to horns and tabs

wing lift coefficient

wing chord m ft

wing chord at mid-span of horn m ft

wing chord at mid-span of tab hinge line m ft

geometric mean chord of wing m ft

control chord forward of hinge line, m ft

value of  (without horn) at mid-span of horn m ft

value of  at mid-span of tab hinge line m ft

control chord aft of hinge line m ft

value of  at mid-span of tab hinge line m ft

A

Ah

a1 a2

B

b1 b2 b3

b1 ∂CH /∂a ,  b2 ∂CH /∂δ ,  b3 ∂CH /∂δtab= = =

∆b1h ∆b2h b1 b2

CH

CH H / ½ρV
2
cf

2( )=

H / ½ρV
2
cf
= 2

sf( )=

H / ½ρV
2
Sf cf( )=

CL

c

c( )h

c( )tab

c

cb

cb( )
h

cb

cb( )
tab

cb

cf

cf( )
tab

cf

Issued August 1989 – 22 pages

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

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

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ESDU 89010 1989

http://www.avadocuments.com/doc/esdu-89010-1989
http://www.avadocuments.com/doc/esdu-89010-1989


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

2

ESDU 89010

geometric mean chord of control aft of hinge line m ft

aerodynamic mean chord of control aft of hinge line, m ft

horn chord forward of hinge line at mid-span of horn m ft

tab chord aft of tab hinge line at mid-span of tab hinge line m ft

factor used in calculating effect of tab
(Item No. Aero C.04.01.081)

, factors used in calculating effect of horn
(Item No. 880039)

factor used in calculating  and  for control on wing 
(Item No. 8900910)

factor used in calculating effect of tab
(Item No. Aero C.04.01.081)

, , factors used in calculating  and  for control on wing
(Item No. 8900910)

rad–1 rad–1

hinge moment measured about hinge line N m lbf ft

factor used in calculating effect of horn (Item No. 880039)

Mach number

factor used in calculating effect of horn (Item No. 880039)

Reynolds number based on c

control area aft of hinge line m2 ft2

wing semispan m ft

control span, m ft

horn span m ft

tab span m ft

maximum section thickness m ft

thickness to chord ratio of wing at mid-span of horn

section thickness at control hinge line m ft

c f

c f cf ηd∫=

cf
=

cf
= cf

2 η /c fd∫=

ch

ctab

F

F1 F2

FB b1 b2

G

G1 G2 G3 b1 b2

H

K

M

N

R

Sf

s

sf ηo ηi–( )s

sh

stab

t

t /c( )h

th
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3

ESDU 89010
free-stream velocity m/s ft/s

distance of horn leading-edge from control trailing-edge at 
mid-span of horn, as fraction of local wing chord

position of boundary layer transition aft of leading edge as fraction 
of local wing chord

angle of attack rad rad

compressibility parameter, 

control deflection angle, measured in streamwise plane rad rad

tab deflection angle relative to control surface rad rad

spanwise distance from wing centre-line as fraction of semispan

, value of  at inboard, outboard ends of control at hinge line

sweepback of tab hinge line deg deg

sweepback of tab hinge line deg deg

sweepback of m’th chord line deg deg

ratio of wing tip chord to wing centre-line chord

density of air kg/m3 slug/ft3

section trailing-edge angle deg deg

trailing-edge angle at mid-span of horn deg deg

trailing-edge angle at mid-span of tab hinge line deg deg

Subscripts

as in  or  denotes value in two-dimensional incompressible flow

denotes horn or, in  and , hinge line

denotes tab

as in  denotes theoretical value

denotes value for a balanced control section

denotes value for a plain control section

V

xh

xtr

α

β 1 M
2

–( )
½

δ

δtab

η

ηi ηo η

Λh

Λh tab

Λm

λ

ρ

τ

τh

τtab

0 a1( )
0

H0

h Λh Λh tab

tab

T a1( )
0T

Bal

Plain
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ESDU 89010
Superscripts

asterisks as in  denote values for a ‘standard’ section with 

primes as in  denote quantities measured in planes normal to the wing quarter-chord 
line, or as in  and  angles of deflection measured about their hinge lines. In both 
cases the primes provide a distinction from measurements in a streamwise plane. The 
hinge moment coefficient derivatives  and  denote  and , 
respectively.

* a1( )
0
*

½τtan t /c=

′ c ′
δ′ δ′tab

b ′2 b ′3 ∂CH /∂δ′ ∂CH /∂δ′tab
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ESDU 89010

Sketch 1.1  

Λ¼

Λ½

Λh

Λh tab

ηi s
ηos

s

cf

(cf )tab

(c ′ )tab

(cb′ )tab

cb′ cf′

(cb )h

(c)h

xh(ch)

ch

tht

(cf′ )tab

c′tab

A

B

D

A′
B′

D′

D′

A′

B′

c ′

AA′ normal to quarter-chord line and
        passing through mid-span of control

BB′ streamwise through mid-span of horn

DD′ normal to quarter-chord line and passing
        through mid-span of tab hinge line

sh/2stab/2

sf /2

sf

stab
sh

D

A

B

τ′tab

τ′

τh
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ESDU 89010
2. INTRODUCTION

This Item provides calculation charts for use when estimating the control hinge-moment coefficient
derivatives for trailing-edge controls fitted to a wing, tailplane or fin, possibly with horn balance or tab. It
uses the methods of Derivations 1 to 10, and the limitations on applicability quoted in those Items apply.

Table 2.1 provides the routine to determine the two-dimensional characteristics needed in subsequent
calculations.

Table 2.2 provides the routine to determine  and  for the control without horn or tab balance.

Table 2.3 provides the routine to determine the additional contribution of a horn balance.

Table 2.4 provides the routine to determine the effect of a tab.

Table 2.5 summarises the results.

Blank tables are provided in this Section and may be duplicated for the user’s own calculations.

A worked example is given in Section 4 for a nose-balanced control fitted with a shielded horn and a tab,
and demonstrates how the Tables would be filled in during a calculation.

b1 b2
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