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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.
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PITCHING MOMENT AND LIFT FORCE DERIVATIVESDUE TO RATE OF PITCH
FOR AIRCRAFT AT SUBSONIC SPEEDS

1 NOTATION AND UNITS (see Sketch 1.1)

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in
ESDU 86021. Coefficients and aeronormalised derivatives are evaluated in aerodynamic body axes with
origin onthe body centre-line and with the aerodynamic mean chord of the wing asthe characteristic length.
The derivatives M, , Mw and Z, are often written as Cmq, Cm- and C, in other systems of notation,
but attention must be paid to the reference dimensions used. In particular, in forming Cmq Crg and CZOI
differentiation of C,, and C, may be carried out with respect to qc/2V and o T/2V instead ot qc/V and

0. ¢/V asimplied in the Hopkin system. It is also to be noted that a constant datum value of V isemployed

ESDU Copyright material. For current status contact ESDU.

by Hopkin.
S| British

A wing aspect ratio, b2/SW
Ar tailplane aspect ratio, b% ISt
(@) 0 spanwise average of two-dimensional lift-curve slope of wing rad rad™t

section normal to wing quarter-chord line for incompressible

flow, see Equation (3.8)
ag lift-curve slope of body based on planform area Sy radt  rad™?
ar lift-curve slope of tailplane based on planform area S; radt  rad™?
CHY lift-curve slope of wing based on planform area S, radl  rad™?
b wing span m ft
b tailplane span m ft
c chord of wing section normal to wing quarter-chord line, for m ft

usein ESDU Aero W.01.01.05
T aerodynamic mean chord of wing m ft
F empirical correction factor in Equation (3.8),

see Figure 3
hg local body height m ft
hgm vaue of hg in cross-sectional plane that contains wg,, m ft
[ integer involved in summation to replace integral for (M q)B ,

see examplesin Section 8
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k parameter in calculation of afterbody correction factor
(1—ka) , see Figure 2

K correction factor for body finenessratio, see Figure 1
kg correction factor for body cross-sectional shape, see
Equations (3.3) and (3.4)
L lift
I length of tapered afterbody
lg body length
8‘ Iy distance of moment reference point aft of body nose
)
'I'_.: A pitching moment about axis Oy, , positive nose up
©
E M Mach number
(S)
§ M q pitching moment de_rizvative dueto rate of pitch,
S (0. 100)/(Y2PV'STT)
@ M s value of M for moment reference point and pitching axis at
é guarter-chord point of wing aerodynamic mean chord
E M,;, pitching moment d:egivative due to acceleration in heave,
. / 1 R
= (4 19W)/ (Y2p Sy C°)
% Ox,0y,0z body axis system, origin O at moment reference point, see
= Sketch 1.1a
,ED OX,p:0Y,p,0Z,, aerodynamic-body axis system, origin O at moment reference
Z point, see Sketch 1.1a
(@)
§ q rate of pitch about axis Oy, , positive nose up
ok R Reynolds number based on flow quantities normal to the wing
guarter-chord line and ¢, for usein ESDU Aero W.01.01.05
S5 planform area of body on plane Oxy
Sh cross-sectional area of body in plane that contains maximum
body width
S; planform area of gross tailplane, see Section 3.3
Sw planform area of grosswing, see Section 4
S, cross-sectional area of body base

—*

maximum thickness of wing section normal to wing
quarter-chord line, for use in ESDU Aero W.01.01.05
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N m Ibf ft
rad/s rad/s
m? ft2
m? ft2
m? ft2
m? ft2
m? ft2
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\% velocity of aircraft relative to air in undisturbed flight, datum m/s ft/s
velocity

w aircraft velocity in Oz, direction, velocity in heave m/s ft/s

wg local body width m ft

Wgm maximum value of wg m ft

Wy local body width at body base m ft

Xac longitudinal distance along body axis of wing aerodynamic m ft
centre, measured positive aft of leading-edge of aerodynamic
mean chord

AX rearward shift in aerodynamic centre due to effect of body on m ft
wing loading, see Section 4

Xg longitudinal distance along body axis to general body station, m ft
measured positive aft of moment reference point

X6 longitudinal distance along body axis of moment reference m ft
point, measured positive aft of leading-edge of aerodynamic
mean chord

X chordwise location of boundary layer transition, measured m ft

from leading edge of wing section normal to wing
quarter-chord line, for use in ESDU Aero W.01.01.05

Xt longitudinal distance along body axis of quarter-chord point of m ft
aerodynamic mean chord of tailplane, measured positive aft of
moment reference point

ESDU Copyright material. For current status contact ESDU.

| Z, lift force derivative due to rate of pitch, ~(dL/0q)/(¥2VS,©)
| qu/4 value of Z for pitching axis at quarter-chord point of wing
aerodynamic mean chord

o angle of attack rad rad
B Mach number similarity parameter, (1— Mz)l/2
B’ Mach number similarity parameter, (1— MzcoszA%)l/2
Ag sweepback of wing leading edge deg deg
A} tan_l(B_ltanAO) deg deg
Ay, sweepback of wing quarter-chord line deg deg
Ay, sweepback of wing half-chord line deg deg

This page Amendment C Documents
3 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 90010 C 2014


http://www.avadocuments.com/doc/esdu-90010-c-2014
http://www.avadocuments.com/doc/esdu-90010-c-2014

ESDU 90010

At
A
At
p
T
Ta
-
)
)
- (delda)
(S)
o
<
o
(S)
5 Subscripts
i
2 B
C
()
= T
35
(S)
G w
L
® W(B)
2
()
& WB
=
.50
s
o
o
(@]
-
)
(%]
(NN}

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 90010 C 2014

sweepback of tailplane half-chord line deg deg

taper ratio of wing, ratio of tip chord to centre-line chord

taper ratio of tailplane, ratio of tip chord to centre-line chord

density of air kgm®  dug/ftd

trailing-edge angle of wing section normal to wing deg deg
guarter-chord line, for usein ESDU Aero W.01.01.05

trailing-edge angle of wing section normal to wing deg deg
guarter-chord line, defined as the angle between straight lines

passing through points at 90 and 99 per cent of the chord on the
upper and lower surfaces, for usein ESDU Aero W.01.01.05

mean effective gradient of downwash at tailplane

denotes body

denotes tailplane

denotes wing

denotes wing in presence of body

denotes wing-body
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Moment reference point \ a

Ox,, defined by projection
in undisturbed flight of VV onto
plane of symmetry

0,
z %,
i ab Y1
(a) Axis system Lw \/@}0
%,
N4

(b) Side view on Oxz
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Aerodynamic centre position of wing
Moment reference point

Leading edge of €

¢/4 point of tailplane
b/2

(c) Plan view on Oxy
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X )
X o [/7] Denotes ¢ for wing
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2. INTRODUCTION

This Item gives asemi-empirical method for estimating M, and Z _, the pitch-rate derivatives of moment
and force, for arigid aircraft at subsonic speeds and low angles of attack. The derivatives are expressed in
aero-normalised form and for an aerodynamic-body axis system. Those concepts are explained in
ESDU 86021 (Reference 104), which also gives the relationships for conversion of the derivatives into
other forms. Equations for transformations to other axis systems are contained in ESDU 86041
(Reference 105). The separate contributions of the body, wing and tail plane are estimated in Section 3, and
interferenceeffectsarediscussed in Section 4. Intheanalysisof aircraft motionitissometimesonly possible
to consider M, in combination with My, the pitching moment derivative due to acceleration in heave.
Thisisalwaysthe case with datafrom oscillatory-rig tests. Therefore, Section 5 provides an expression for
themajor contributionto M,;, from thetailplane. Theaccuracy of thevarious partsof themethod isreviewed
in Section 6.1 and its applicability is discussed in Section 6.2. The Derivation and References are given in
Section 7. Thefirst subsection of the Derivation liststhe ESDU Items that will be required for use with the
present Item. Worked examples are provided in Section 8. Details of a computer program for the present
method, ESDUpac A9010, are given in Appendix A.

3. METHODSFOR INDIVIDUAL COMPONENTS
31 Body Contribution

For an isolated body, Derivations 8 and 9 quote a semi-empirical formula, first given in Reference 100, for
the yawing moment derivative due to rate of yaw. This may be readily adapted for a general prediction of
(M), . A description of the original formulation of the equation is unavailable, but Derivation 8 shows
that it can be deduced from a simple strip-theory concept, the strips being parallel to the axis of rotation.
If the equation isrewritten to give the body pitch-rate derivative based on the reference area S, and length
C, then

a1 j'B_lo

(M WBxé dxg (3.1

q)B:_

where |5 isthetotal length of thebody, and x5 denotesthelongitudinal distance aft of themoment reference
point, which is assumed to be a distance |, aft of the body nose. The body lift-curve slope a, 5 is based
on the body planform area Sz, and wg isthelocal body width at x5 . The integration is carried out aong
the length of the body.

ESDU Copyright material. For current status contact ESDU.

Derivations 8 and 9 quote three constant valuesfor a, 5, depending on whether the fusel age cross-sectional
shape is circular, eliptical or rectangular. In this Iltem a more general semi-empirical formula has been
developed for a5 for usein modified fashion with Equation (3.1),

2
ap = (%”‘J ke (L—ky)ks. (32)

Three correction factors have been applied to the slender-body-theory prediction of the lift-curve slope of
a forebody, 2S./Sg, to alow for body fineness ratio, afterbody geometry, and cross-sectional shape.
Strictly, S, isthe maximum cross-sectional area, but in practiceitisbest totake S, astheareain the plane
containing the maximum body width wg,,, .
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The fineness-ratio correction factor k; is taken from Derivation 5, and is given in Figure 1 as a function
of B(wg,*+hgy/(2lg) where hg, isthe body height in the plane containing wg,,. Thus a, 5 decreases
as the body fineness ratio decreases.

The afterbody-geometry correction factor (1-k,) has been developed empiricaly, and Figure 2 gives
k/(1/15) as_afunctlon of (Sllsm)l/2 and WBlle_m, V\_/here |, isthelength of any afterbody taper, S; is
the cross-sectional area of the body base and wy, itswidth. The effect of the factor (1-k,) isto decrease
a,g astherelative length of the afterbody increases or the relative body base area decreases. The variation
with wg,/wg,,, provides a correction for afterbodies that taper differently in height and width. It is based
on asmall number of data presented in Derivation 67 for bodies with S5 =0 and wBllems 0.6, witha
tentative extrapolation to provide afull coverage of possible shapes.

If the body cross-sectional shape is constant along the length of the body, and it has a smooth perimeter
such as an ellipse, then the correction factor for cross-sectional shape k issimply

k.= —. (33

In Derivation 67 thisis shown to work well for elliptically sectioned forebodies over awide range of major
to minor axis ratios.

If, however, the cross-sectional shape is angular, then the discussion in Derivation 67 illustrates how
dramatically a;g can increase. The precise effect will depend in complicated fashion on the sharpness of
the irregularities in the cross-sectional shape. For its intended application via Equation (3.1) to the types
of shape to be met on the centrebodies and afterbodies of combat aircraft and on light aircraft it has been
found best to make the approximation S, = wghg,,, inthe expressions for forebody lift-curve slope and
to take

Bm

2w,
k, = —2

s” hy (3.4

This bringsin the body maximum width asthe critical dimensionfor a,5 . Thetruevalueof S, isretained
in the evaluation of k.

ESDU Copyright material. For current status contact ESDU.

If the shape of the body cross-section varies along its length, an empirical examination of the different
results achieved has shown that, instead of a simple substitution for a;5 in Equation (3.1), it is better to
take kg into theintegrand and make the correct choice of Equation (3.3) or (3.4) at each longitudinal station.

Thefinal equation for (Mq)B isthen

(M

(2smjkf(1—ka)jla—lo )

), = — K WgXgdXg (3.59)
q’'B SB SN(::Z —lo S

if wg,, liesin aplane where the cross-sectional shape has a smooth perimeter, or

2w, _h k (1- k ) lg — |o
Bm''Bm| “f 2
(M), = _( 4 m} =] kg, (3.5b)
S
if wg,,, liesin aplane where the cross-sectional shapeis angular.
Documents
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The use of Mach number similarity parameters to allow for compressibility effects leaves the equations
unaltered, so the prediction of (M ) varies with Mach number only through changes in k; , which are
small.

For a discussion of the experimental data used in the verification of Equations (3.2), (3.5a) and (3.5b), see
Section 6.1.1.

The body contribution (Zq)B is sufficiently small to be neglected.

32 Wing Contribution
The derivatives for awing depend on x{, , the distance of the moment reference point aft of the leading
edge of the aerodynamic mean chord. Sections 3.2.1 and 3.2.2 give (Mq%)w and (Z 1/4 the values

appropriate to a moment reference point and pitching axis situated at the quarter- chorch pomt of the
aerodynamic mean chord. Axis transformation equations then give the results for arbitrary x ,

B X — 0.25C Xp — X 50) (Xp — 0.25C
(MQ)W = (Mql/‘l)W_(qu/“)W[T —a1w _ _ (3-6)

@

X(y — 0.25C
and Zw = gy * 2w ——|» (37)
C

where a,,,, the wing lift-curve slope and x;,. the position of its aerodynamic centre measured from the
|eading edge of the aerodynamic mean chord may be obtained from ESDU 70011 (Derivation 2), and should
be evaluated at the Mach number of interest.

3.21 Sraight-tapered wings

For a straight-tapered wing the formulae devel oped in Derivations 6 and 7 on the basis of strip theory give

= = 2
X’,. —0.25C x’,. —0.25C
& c

ESDU Copyright material. For current status contact ESDU.

(8)),C0sA,,r BrA’tan’A,,
~-F - { - + 3} : (3.8)
4813 (B’A + 6cosA,))
X — 0.25C
and (Zgy = — 2w %+ | ——| |- (3.9
C

As before, a;,,, and x’,. may be obtained from ESDU 70011. In Equation (3.8), (al)O is strictly the
spanwiseaverageof thetwo-dimensional lift-curveslopefor wing sectionsnormal to thewing quarter-chord
line. However, for the purposes of this Item the section for the determination of (a,), can be taken asthat
at the mid-semi-span and normal to the wing quarter-chord line. Thevalue of (a,), may be obtained from
ESDU Aero W.01.01.05 (Derivation 1) for simple sections, or from other sources. The value for
incompressible flow must be used as similarity parameters have been introduced to allow for thefirst-order
effects of compressihility.
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Equation (3.8) was derived for untapered wings but in the absence of other methodsit is generally used for
al straight-tapered wings. Theory predicts F = 1, but in Derivation 14 it is shown by comparisons with
experimental data for swept and unswept untapered wings (1<A<5; 0<A,,<60°) that in the low to
moderate aspect ratio range predictions are much improved by using lower values of F. For higher aspect
ratios the assumptions of the theory are more valid and F should approach its theoretical value. Figure 3
shows ageneral variation of F with 1/(BA) that has been constructed from the available data.

See Section 6.1.2 for comparisons with experimental data.
3.22 Detaand cropped-delta wings

Inthe particular case of deltaand cropped-deltawings (unswept trailing edge), published theoretical results
from modified versionsof Multhopp’slifting-surfacetheory are availablefor the prediction of the pitch-rate
derivatives. The theoretical datain Derivations 11 and 12 have been used to construct Figures 4 and 5 that
give B(M 1/4 and B(Z 1/) in terms of the taper ratio A and Ay , the similarity parameter for
leading- edge sweepback 'Fhose Figures should be used instead of Equatlons (3.8) and (3.9) for planforms
that fall within their scope.

Comparisons published in Derivations 11, 31, 34, 39 and 40 show that Multhopp’s method provides good
estimates of the composite oscillatory-damping derivative (M, + chosoc)w, for arange of x7, vaues.
Datawith which to assess the prediction of (M ,),,, aone are scarce. A single set of datais available from
the curved-flow tests reported in Derivation 16, but they cover only asingle reference point, X, = 0. 25¢C.
Comparison between predicted values and those experimental results, see Section 6.1.2, suggests that
(Mq%)vv isunderestimated by about 25% and (Zq1/4)w overestimated by about 30%. In view of the success
with which the oscillatory-damping results are predicted these errors seem large. Furthermore, if correction
factors are applied to correct any bias, the variation of (M), with X7, showsless similarity to the shape
of the oscillatory-damping results than might be expected (see Derivation 11). For those reasons, Figures 4
and 5 present theoretical values without modification.

3.2.3 Other planforms

Derivatives may be calculated for an isolated wing of any planform by first using the method of
ESDU 76003 (Derivation 3) to construct an ‘equivalent’ straight-tapered wing. But it is for a wing in
combination with a body that such a construction will normally be needed to produce a straight-tapered
gross planform, see Section 4.

ESDU Copyright material. For current status contact ESDU.

33 Tailplane Contribution

The tailplane contributions to the derivatives are

2
X
(Mg)y = alTET—_I2 (3.10)
S
X
and (Zg)y = —alTST—I. (3.11)
SyS

To evaluatethe equations, thetailplaneistreated as an i sol ated surface with aplanform formed by extending
its leading and trailing edges to the plane of symmetry; S; denotes the area of that planform and x; the
distance of the quarter-chord point of its aerodynamic mean chord aft of the moment reference point. The
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lift-curve dlope of the planform may be found by using ESDU 70011. If the tailplane planform is not
straight-tapered, the method of ESDU 76003 must first be used to construct an ‘ equivalent’ straight-tapered
planform.

To obtain an accurate estimate of aircraft lift and pitching moment it is necessary to employ an installation
factor to allow for any loss of tailplane effectiveness caused by the presence of the body and possible
changesin local kinetic pressure (see ESDU 89029, Reference 106). In the calculation of M, however,
comparisons with experimental data clearly indicate that, within the present method, significant
underestimates are obtained from Equation (3.10) if an installation factor isintroduced. Thisis particularly
apparent from the study of bodies of relatively large width at the tailplane, when an installation factor of
0.6 to 0.9 would be expected. For bodies of smaller relative width, and installation factors greater than 0.9,
the conclusion isless clear due to the scatter of the data, but there is no indication of a need to alow for
installation effects. Therefore no factor appears in Equations (3.10) and (3.11) and none should be
introduced for bodies of any width at the tail plane.

4, INTERFERENCE EFFECTS

To take account of the presence of the wing, it is possible that the integral of Equations (3.5a) and (3.5b)
should be modified over that part of the body length covered by the wing root chord, but the moment arm
in thisregion is so small for practical choices of the moment reference point that any effect isminimal.

Toallow for theinterference effect of abody on any strai ght-tapered wing, including deltaand cropped-delta
wings, a gross planform is formed by extrapolating the leading and trailing edges of the exposed wing
panels through the body to the plane of symmetry. If the wing is not straight-tapered the simple geometric
technique of ESDU 76003 must be used to construct ‘equivalent’ straight-tapered planforms to represent
the exposed wing panels before extrapol ation. Addendum A of ESDU 76003 gives afull demonstration of
this process. With the gross planform defined, ESDU 70011 is used to determine its lift-curve slope a;
and the position of its aerodynamic centre X, . . A rearward shift Ax’, . inthe position of the aerodynamic
centreisthen calcul ated to allow for theeffect of the body on thewingloading. Themethod of Derivation 13,
which issimilar in its treatment of body carry-over lift to that in Derivation 10, has been used to calculate
Ax’,. . The results are given in Figures 6ato 6d in terms of wg/b,A and AtanA,, . With (Mq1/4) and
(Zq1/4)w evaluated for the grosswing, the pitch-rate derivativesfor thewing in the presence of the bo\gy are
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xf) —0.25¢ — Ax’acj

Xh —X. . —AX. x5 — 0.25¢ — AX’
0 0
_ alW( = aCJ ( - acj (4.2)
c c
Xp — 0.25C — AX)y,
and (Zq)W(B) = (Zq%)w + a3 . 4.2

T
See Section 6.1.3 for comparisons with experimental data.

Apart from the provision made through Equations (4.1) and (4.2), and the comments made in respect of
tailplane installation factors in Section 3.3, no further allowance is made for interference effects. The
experimental data were neither sufficiently systematic nor copious to permit the ready development of
additional empirical corrections.
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Therefore, the derivatives for a wing-body-tail plane combination are obtained by the summations

Mg =Mgg* Mgy, * Mgy (4.3)

and 24 = Zghye * gt (4.4)

with (M) from Equation (3.5a) or (3.5b),

and (Zq) from Equations (4.1) and (4.2)

(Mq)W(B) W(B)

and (Mg); and (Z,) from Equations (3.10) and (3.11).
See Section 6.1.4 for comparisons with experimental data.

5.~ TAILPLANE CONTRIBUTION TO My,

In the analysis of data from oscillatory-rig tests and from some flight testsit is only possible to determine
the composite derivative due to pitch-rate and acceleration in heave, M+ M, coso.. For arcraft with
tailplanes, the lag in downwash at that surface gives rise to the most significant contributionto My;, , which
may be evaluated as

_ Xac +AXac —Xo) ][ 0e
<MW>T—{1—[ - )}(a—()qu)T, (51)

where the mean effective gradient of downwash at the tailplane (de/do); may be obtained at the
appropriate Mach number from ESDU 80020 (Derivation 4).

6. ACCURACY AND APPLICABILITY

6.1 Accuracy

ESDU Copyright material. For current status contact ESDU.

Thederivative Z , isrelatively unimportant except for itsrolein axis transformations. The predicted values
will besufficiently accuratefor that purpose. Consequently, comparisonsof experimental dataand predicted
values are presented only for Mq in Sketches 6.1 to 6.4 at the end of this Section. All comparisons are
made for angles of attack close to zero.

6.1.1 Body pitch-rate moment derivative

Comparisons between experimental data and the predictions of Equations (3.5a) and (3.5b) are shown in
Sketch 6.1, with the derivative normalised by the body reference quantity Syl 52-

Only very few test data are available on the pitch-rate (or yaw-rate) derivatives of isolated bodies. Those
from curved-flow testsfurnish (Mq)B directly and those from oscillatory-rig tests only give the composite
derivative (M, + M;cosa) . but it can be assumed that the acceleration derivative is comparatively small.
Additional test data may be deduced from yaw-rate tests on wing-body combinations with subtraction of
asmall theoretical contribution from the wing (ESDU 71017, Reference 102).
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In the present study, data for isolated bodies have been taken from Derivations 15, 20 and 22 (curved-flow
tests) and from Derivations 33, 36 and 55 (oscillatory-rig tests). Data extracted from wing-body yaw-rate
tests have been taken from Derivations 17, 18, 19, 23, 24 and 26 (curved-flow tests) and from
Derivations 45, 48 to 51, 54 and 55 (oscillatory-rig tests).

The measured values of the body derivatives are small and sometimes difficult to determine with precision,
certainly from some of the presented experimental data. Because of this and the minor importance of the
body contribution to the value of M for an aircraft, the fairly large scatter shown in Sketch 6.1 is not
considered to be excessive. This is particularly so since the band includes values for the anayticaly
problematical shapes of some combat aircraft in addition to those for simply-shaped bodies.

Body lift-curve slope

The empirical equation for &, has been developed only for its intended use in the prediction of ( Mq)B,
and it has proved satisfactory in that regard. However, it is not considered to be sufficiently accurate or
versdtile for use in the determination of body lift-curve slope in its own right.

The lift-curve slopes of bodies are relatively small and seldom reported in sufficient accuracy for easy
analysis. More accessible data are often contained within reports that deal primarily with the measurement
of static characteristics in sideslip because they present a force derivative, not just a small-scale curve of
force coefficient against angle. Furthermore, additional results to expand the database may be obtained
from tests on bodies with plane wings mounted at the mid-body position since the effect of such wingsis
small in sidedlip. Asaresult of those considerations, the experimental dataof Derivations 68 to 99, together
with the discussions in Derivation 67, have been used to guide the construction of Equation (3.2)

6.1.2 Wing pitch-rate moment derivative

Comparisons between predicted and experimental results for straight-tapered wings are shown in
Sketch 6.2a, and for delta and cropped-deltawingsin Sketch 6.2b.

The test data for straight-tapered wings have been taken from Derivations 14 and 21 (curved-flow tests)
and from Derivations 30, 34, 39 and 40 (oscillatory-rig tests). For deltaand cropped-deltawings, datahave
been taken from Derivation 16 (curved-flow tests) and from Derivations 34, 39, 40 and 44 (oscillatory-rig
tests).

ESDU Copyright material. For current status contact ESDU.

Values for the straight-tapered wings are shown in Sketch 6.2a to be predicted well; the oscillatory-rig
results show dlightly greater scatter than the curved-flow results, as might be expected.

As discussed previoudly in Section 3.2.2, the curved-flow data for the delta and cropped-delta wings are
under-predicted in most cases. For the moment reference points of the tests, the measured oscillatory-rig
results would be expected to be greater in magnitude than the predicted value of (M q)W, and thisisthe
case except at small values.

6.1.3 Wing-body pitch-rate moment derivative

Sketch 6.3 compares experimental results for wing-body combinations with the predictions formed by
adding (Mq)B and (MQ)W(B)'

Datafor combinations with strai ght-tapered wings have been taken from Derivation 21 (curved-flow tests)
and Derivations 33, 36, 37, 49, 53 and 55 (oscillatory-rig tests). Data for combinations with delta and
cropped-delta wings have been taken from Derivations 27, 28, 29, 32 and 35 (oscillatory-rig tests). The
general level of agreement is reasonable.
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Within the present method, the predicted shift in aerodynamic centre position Ax’,. provides a simple
alowance for wing-body interference for a wide range of geometries. However, the prediction is too
approximate to be generally recommended for use in estimation of wing-body static stability, for which the
method of ESDU 76015 (Reference 103) is preferred.

6.1.4 Wing-body-tailplane pitch-rate moment derivative
Sketch 6.4 shows experimental and predicted values for wing-body-tail plane combinations.

The experimental datafor curved-flow tests are compared with the predictions of M q from Equation (4.3).
The data from oscillatory-rig tests and the available flight-test data provide only the composite derivative
M +M.. cosa. . Therefore, in such cases, the estimated tailplane contribution (MW)Tcosoc has been added
to the predicted value of Mq in order to permit appropriate comparison.

Datafor a parametric set of wing-body-tail plane configurations are available from the curved-flow tests of
Derivation 21. The configurations have bodiesthat arerelatively small in volume. With that restriction, the
overal correlation with prediction is excellent for avariety of body lengths and tail planes of different sizes
mounted either on the body or onafin. A small selection of those test dataare plotted in Sketch 6.4 together
with the result from the curved-flow test of Derivation 25.

Also plotted are oscillatory-rig test data from Derivations 33, 36 to 38, 41 to 43, 46 to 49, 52 and 55, and
flight-test data from Derivations 56 to 66.

Thelevel of agreement isgenerally good, although somevaluesfor aircraft with long tail armsare predicted
less well.

Experimental data are also available from rocket-launched models (see the summary in Reference 101 for
example) but those results are mainly confined to supersonic speeds or to the transonic region where the
derivatives often show significant variations in magnitude as Mach number changes. The values at high
subsonic speeds were not considered to be of sufficient reliability to be included in the present study.

6.2 Applicability

The method can be expected to apply satisfactorily for most conventional aircraft configurations. Wings
and tailplanes with planforms that are not straight-tapered are brought within the scope of the method by
the use of ESDU 76003 to construct ‘ equivalent’ straight-tapered planforms. The neglect of aircraft flexure
may be a source of error for aircraft with long tail arms. The aircraft is assumed to be at low angles of
attack, with no high-lift devices deployed.
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Strictly, the method is restricted to oo = 0. However, experimental values of M do not usually change
rapidly in magnitude as o increases to modest values, up to 10° say. The method is expected to be most
reliable when confined to the angle of attack range where the static pitching moment coefficient varies
linearly with ..

The effects of compressibility on M, are modelled only through the use of similarity parameters, which
should be acceptable up to M = 0.8. Comparisons have been made with a small number of available
experimental data. Derivations 33 and 36 each report oscillatory-rig tests on an aircraft model which was
al so tested without the tailplane and without both wing and tailplane. The test measurements confirm that
the body contribution remainslargely constant as Mach number increases. However, measurementsfor the
wing-body combinations show an increase in magnitude due to Mach number that is noticeably greater
than that predicted. This suggests that the calculated increase of (Mq)W(B) is too small, at least for the
low aspect ratio wings of thosetests (A= 3.6, A,, = 44° and A=2.4, A,, =20°).Noempirical correction
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is proposed on the basis of this small sample. For wing-body-tail plane configurations the predicted values
of M_ show trends that are a reasonable first approximation to the measured values reported in
Derivations 33 and 36, and to those in Derivations 41 and 47 (oscillatory-rig tests) and Derivation 61

(flight-test).

If thetailplane derivative My)+ isto becalculated, thenitispossiblethat the restrictionson the application
of ESDU 80020 (Derivation 4) to determine the mean effective gradient of downwash from the wing may
exclude some configurationswiththetail planetoo close behind thewing, and the discussion of applicability

in that Item should be consulted.
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Sketch 6.1 Pitch-rate moment derivativesfor bodies
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