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ESDU 07005
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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
first met in 1942 and now has the following membership:

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 R.W. Gilbey, Head of Aerodynamics
Group
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Mr C.M. Newbold — QinetiQ, Farnborough
Mr E. Totland* — Saab AB, Linköping, Sweden
Mr J. Tweedie — Short Brothers plc, Belfast
Mr S.F. Wood — BAE SYSTEMS, Woodford

Mr A.J. Clarke — under contract to ESDU.

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 07005 2007

http://www.avadocuments.com/doc/esdu-07005-2007
http://www.avadocuments.com/doc/esdu-07005-2007


 

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
. 

i

ESDU 07005
NORMAL FORCE AND PITCHING MOMENT OF NON-AXISYMMETRIC BODIES: 
SQUARE CROSS-SECTIONS WITH CORNER ROUNDING
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ESDU 07005
NORMAL FORCE AND PITCHING MOMENT OF NON-AXISYMMETRIC BODIES: 
SQUARE CROSS-SECTIONS WITH CORNER ROUNDING

1. NOTATION AND UNITS

SI British

maximum cross-sectional area of body m2 ft2

rounding parameter, 

pitching moment coefficient, based on  and , about 
reference point , positive nose-up

pitching moment coefficient, based on  and , about 
reference point , positive nose-up

pitching-moment-curve slope, rad–1 rad–1

normal force coefficient, based on 

normal-force-curve slope, rad–1 rad–1

circular body diameter, see Section 3 m ft

equivalent circular body diameter, see Equation (3.3) m ft

tangent ogive parameter, see Table 3.1

interpolation factor, see Section 3

ratio of linear contribution to normal force of non-circular 
body to that of circular body with same cross-sectional 
area distribution, see Equation (3.2) 

empirical factor on linear contribution to pitching moment, 
see Equation (3.7) 

factor to allow for roll angle, see Sketch 4.1

overall body length, see Sketch 1.1 m ft

forebody length, see Sketch 1.1 m ft

freestream Mach number

Reynolds number based on freestream conditions and body 
length

local corner radius, see Sketch 1.1 m ft

Am

a r/w

Cm Am W
xm

Cm( )
0

Am W
xm 0=

Cm( )
0α d Cm( )

0
/dα

CN Am

CNα dCN/dα

d

deq

F

Fa

KL

KM

Kφ

L

lf

M∞

RL

r

Issued January 2007 – 15 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 07005 2007

http://www.avadocuments.com/doc/esdu-07005-2007
http://www.avadocuments.com/doc/esdu-07005-2007


 

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 07005

Subscripts

Sketch 1.1  Body geometry 

maximum width of body, see Sketch 1.1 m ft

local width of body, see Sketch 1.1 and Table 3.1 m ft

distance aft of forebody apex m ft

distance of centre of pressure position aft of forebody apex m ft

distance of moment reference point aft of forebody apex m ft

angle of attack deg/rad deg/rad

body roll angle deg deg

denotes non-linear contribution for square body

denotes non-linear contribution for circular body

denotes non-linear contribution for body with corner 
rounding at 

denotes non-linear contribution for body with corner 
rounding at 

W

w

x

xcp

xm

α

φ

[ ]NL,a 0=

[ ]NL,a 0.5=

[ ]NL,a,φ 0=
φ 0=

[ ]NL,a,φ 45°=
φ 45°=

w

r

φ = 45°

r/w = a = constant

x

w

φ = 0

W

l
f

L

r w

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 07005 2007

http://www.avadocuments.com/doc/esdu-07005-2007
http://www.avadocuments.com/doc/esdu-07005-2007


 

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
. 

3

ESDU 07005
2. INTRODUCTION

This Item presents a semi-empirical means of estimation for normal force and pitching moment of
forebody-cylinder combinations whose cross-sections are square with corner rounding, the cross-sectional
shape being maintained along the entire body length . Although the method is derived
from test data for bodies with tangent-ogival and conical forebodies, the method can, with care, be applied
to other forebody profiles. A primary requirement of the method is that the distribution of cross-sectional
area along the non-circular body can be modelled by an ‘equivalent’ axisymmetric body for which
normal-force-curve and pitching-moment-curve slopes at zero angle of attack are either known or can be
calculated. Such data may be found in ESDU 89008 (Derivation 3), which is programmed in part in
ESDUpac A9034 (the user guide is ESDU 90034, Derivation 5), and covers a range of typical forebody
profiles, see Section 4.

The method for normal force and pitching moment is given in Section 3 and its accuracy and applicability
are discussed in Section 4. The use of the method is illustrated in Section 6 by means of a worked example.

A method for the prediction of normal force and pitching moment for bodies of circular cross-section is
given in ESDU 89014 (Derivation 4) and presented as a computer program in ESDUpac A9034. A method
for square bodies without corner rounding is given in ESDU 04007 (Derivation 7) and a method for bodies
of elliptical cross-section at supersonic speeds is given in ESDU 05015 (Reference 10).

3. METHOD

3.1 Normal Force Coefficient

The method assumes that the variation of normal force with angle of attack may be represented using the
classic two-component model. The first component is a potential flow contribution, which dominates at
low angle of attack, and the second is a viscous cross-flow contribution, which becomes increasingly
important with higher angle of attack. The equation for normal force coefficient is 

. (3.1)

In Equation (3.1) the factor  is the ratio of linear contribution to normal force of the non-circular body
to that of a circular body with the same cross-sectional area. The values for  are taken as those predicted
by slender-body theory and vary linearly from 1.19 for zero corner rounding  to unity for a circular
body , and are thus given by Equation (3.2) which is independent of roll angle,

. (3.2)

The quantity  is the normal-force-curve slope of the equivalent circular body, which is defined as the
axisymmetric body with the same distribution of cross-sectional area, and may be either calculated by hand
using ESDU 89008 or computed using ESDUpac A9034 for tangent-ogival, conical, paraboloidal or
ellipsoidal forebody profiles (see Table 3.1) and other shapes including secant ogival and
spherically-blunted. The equivalent circular body diameter, , for bodies of square cross-sections with
circular corner rounding is given by

. (3.3)

r/w constant=( )

CN KL= CNα α α Fa CN[ ]
NL,a 0=

CN[ ]
NL,a 0.5=

–
 
 
 

CN[ ]
NL,a 0.5=

++cossin

KL
KL

a 0=( )
a 0.5=( )

KL 1.19 0.38a–=

CNα

deq

deq

W
------- 2 1 4 π–( )a2

–
π

-----------------------------------=
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