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CONTRIBUTION OF BODY TO YAWING MOMENT AND SIDEFORCE 
DERIVATIVES DUE TO RATE OF YAW,  AND 

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
No. 86021.  Coefficients and aeronormalised derivatives are evaluated in aerodynamic body ax
origin at the aircraft centre of gravity and with the wing span as the characteristic length.  The deriv

 and  are often written as  and , and  and  as  and , in other systems of no
but attention must be paid to the reference dimensions used.  In particular, in forming  an
differentiation  and  may be carried out with respect to rb/2V not rb/V as implied in the Hopkin
system. Similarly  and  may involve differentiation with respect to  not . It is als
be noted that a constant datum value of V is employed by Hopkin.

SI British

wing span m ft

yawing moment coefficient, 

sideforce coefficient, 

body maximum width m ft

body maximum height m ft

overall body length m ft

distance from body nose to centre of gravity position m ft

Mach number

yawing moment N m lbf ft

yawing moment derivative due to rate of yaw,

body contribution to 

yawing moment derivative due to rate of change of sideslip,

rate of yaw rad/s rad/s

cross-sectional area of body base m2 ft2

area of side elevation of body m2 ft2

maximum cross-sectional area of body m2 ft2
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wing (reference) area m2 ft2

velocity of aircraft relative to air m/s ft/s

sideslip velocity m/s ft/s

rate of change of sideslip velocity m/s2 ft/s2

sideforce N lbf

sideforce derivative due to rate of yaw,

body contribution to 

sideforce derivative due to rate of change of sideslip, 

angle of attack radian radian

angle of sideslip radian radian

rate of change of angle of sideslip rad/s rad/s

density of air kg/m3 slug/ft3

SW

V

v

v·

Y

Yr
Yr  = ∂Y/∂r( )/½ρVSWb

Yr( )
B

Yr

Yv·

Yv· = ∂Y/∂v·( )/½ρSWb

α

β

β
·

ρ
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Sketch 1.1   Body geometry
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2. INTRODUCTION

This Item provides a method for predicting the body contribution to the yawing moment derivative 
rate of yaw, . A tentative method for predicting the body contribution to the sideforce derivativ
to rate of yaw, , is also given, although this derivative is relatively unimportant in sta
calculations. The method for  uses the predictions of slender-body theory (Derivation 28) for bodies
with finite base areas and an empirical correlation for bodies with zero base areas. The method fo
is entirely empirical. The experimental data in Derivations 1 to 27 have been used to determine the empiric
relationships and to establish the accuracy of prediction. 

The method is applicable for subsonic speeds up to about M = 0.85 or until the aerodynamic characteristi
begin to depart rapidly from their low-speed values. 

Section 3 describes the method in detail, Section 4 discusses the accuracy and applicability, Section 5 gives
the Derivation and References, and Section 6 gives two worked examples. 

3. METHOD

3.1 General

As defined, the derivatives  and  employ the wing area  and span b as reference dimensions
in order to provide consistency with other Items dealing with stability derivatives. However, 
dimensions are strictly only appropriate to the modelling of wing characteristics. Therefore, for the pu
of investigating the body derivatives the area of the side-elevation of the body  and the overa
length  have been chosen as characteristic geometric parameters for the body, these two paramete
been used successfully in Item No. 79006 (Reference 30) for modelling the body contribution to the 
moment and sideforce derivatives due to steady sideslip. Consequently the method has been dev
terms of the parameters  and , with the experimental data that have
examined being converted in the same way. 

As experimental data show that the body derivatives change little with angle of attack, see Sect4.2,
experimental data at zero angle of attack have been used for the purposes of comparisons. Also, in
of the yawing moment derivative, as there are many more wind-tunnel data available from te
wing-body configurations than there are from tests on isolated bodies, the former have been incl
the analysis by estimating the contribution of the wing to , using Item No. 71017 (Reference 29
subtracting this from the experimental wing-body values. The wing contribution to  is small, typ
in the range –0.001 to –0.005 at low values of wing lift coefficient, so this does not introduce any
errors, and the data available from those tests in which both body and wing-body data are availab
that the wing-body minus wing values are a good approximation to the isolated body values. N
corrections have been applied in the case of the sideforce derivative as the wing contribution t
negligible. 

Limited use has also been made of experimental data from a number of flight-tests, but the identi
of the body contribution in such cases involves the subtraction of the fin contribution from the total
for the aircraft. As the fin contribution is the dominant component any errors in its estimation intr
very large uncertainties in the much smaller body contribution. Such data have therefore onl
employed to confirm trends suggested by wind-tunnel test results or to investigate areas where n
data are available.
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3.2 Yawing Moment Derivative

For bodies of circular cross-section shape the predictions of slender-body theory give a contribu
 that is proportional to the product of the body base area and the square of the distance from th

of gravity position to the base of the body (see Derivation 28 for example). This can be expressed

. (3.1)

Figure 1 shows  plotted in carpet form against  and . 

(Slender-body theory predicts an additional term that depends on the body volume multiplied by the d
between the centre of gravity position of the body and the centroid of the body volume. For practical c
of centre of gravity position that distance is small and therefore the additional yawing moment is sm
has been neglected.)

Equation (3.1) has been found to give reasonable agreement with experimental data, albeit within a
large scatter band (see Section 4.1), for bodies with base areas greater than about 10 per cent of the max
cross-sectional area of the body, i.e. . The equation is strictly only applicable to bodies 
circular cross-section, but comparisons with experimental data suggest that the effects of cross
shape can be ignored within the general level of accuracy of prediction. Equation (3.1) can therefore, for
example, be applied to high performance military aircraft configurations that have midbody and afte
shapes approximating to rectangular cross-sections, with body maximum height to maximum width
down to about h/d = 0.35. 

For bodies with afterbodies that taper to zero base area it has been found that the mean yawing
derivative for the available experimental data can be expressed as

, (3.2)

with the predictions of this equation being of the same order of accuracy as those of Equation (3.1), (see
Section 4.1). For the purposes of estimating  for this class of bodies the position of the cen
gravity can be neglected, within the limitations of practical choice, (see Section 4.2). 

The value predicted by Equation (3.2) is in apparent disagreement with Equation (3.1), which would predict
a value of zero when , but this can be explained by supposing that the potential flow assum
of slender-body theory break down at some point on the tapering afterbody before the end of the
reached, giving an effective base area. The manner in which this breakdown occurs can not be p
accurately, but comparisons of Equations (3.2) and (3.1), with , suggest that it occurs so as 
give an effective base area of about . For the bodies of circular cross-section that have been
the area  corresponds to between 10 to 20 per cent of the body maximum cross-sectional a
body shapes typical of light and general aviation aircraft the area  corresponds to between
per cent of the body maximum cross-sectional area; (it should, however, be noted that for those
there are no fin-off data with which to investigate  directly although comparisons with flight-tes
(References 22, 23 and 26) suggest that satisfactory estimates of  are provided by Equation (3.2)). 

Nr( )
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Nr( )
B
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3.3 Sideforce Derivative

Slender-body theory predicts a body contribution to  that is positive and proportional to the prod
the body base area and the distance from the body centre of gravity position to the body base. H
this is in poor agreement with the wind-tunnel experimental data on this derivative, which take ne
values that are almost always in the range . In view of its limited importanc
terms of aircraft stability calculations, and as no method for predicting a more accurate value co
found, a simple mean value has been assumed, i.e. 

. (3.3)

Section 4.1.2 discusses the effectiveness of this approach. 

4. ACCURACY AND APPLICABILITY

4.1 Accuracy

4.1.1 Yawing moment derivative

The overall accuracy with which  is predicted for the experimental wind-tunnel da
Derivations 1 to 20 is about . This is demonstrated in Sketch 4.1 which plots experimental and
predicted values of . The slender-body prediction of Equation (3.1) is shown in the sketch,
and the data for bodies with  are identified at the value of –0.01 predicted by Equation (3.2). 

Sketch 4.1   Experimental yawing moment derivatives compared with prediction

Yr

0 Yr( )
B
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Although the accuracy of prediction shown in Sketch 4.1 is not high it should be noted that the bod
contributes only about 10 to 15 per cent of the total value of  for an aircraft and therefore, altho
itself undesirable, large percentage errors in  are not too critical. For complete aircraft the fin pr
the major contribution to  and Item No. 82017 (Reference 31) shows that a scatter of  is p
in the prediction of that component. Also, the wing contribution from Item No. 71017 has a quoted ac
of . When converted to the wing reference area and span as reference dimensions the unce
the prediction of  remains within the range  in most cases, and therefore it is predicted
same general level of accuracy as that to which other components of the yawing moment derivativ
yaw rate are estimated. It is also thought that the experimental data may contain a fairly high per
scatter due to the uncertainty involved in measuring and presenting data on such a small comp

, which makes the development of a more accurate prediction method difficult. 

Despite the reservations made concerning the accuracy of prediction it is considered that the meth
provides a reasonable first approximation to the body contribution . It also provides a suitable
for examining the changes in  that may result from alterations to the fuselage of a particular a
such as an increase in overall length, (see Example 6.2). 

When the body contribution to  is combined with estimates of the fin contribution from Item No. 8
and the wing contribution from Item No. 71017, comparisons with the experimental data in Derivat1
to 27 show that total values of  are predicted to within  in most cases at zero angle of a
This level of accuracy is largely maintained for angles of attack up to about 15° or until separation 
on the wing or fin cause large departures from the low angle of attack values. This supports the co
that sufficiently accurate estimates of  are being made. 

4.1.2 Sideforce derivative

The overall accuracy with which  is predicted for the experimental data in Derivations1 to
20 is about . When converted to the wing area and span as reference dimensions the uncer
prediction reduces slightly to . This is large in relation to the typical magnitude of  altho
as in the case of the yawing moment, it is the fin that provides the major contribution to the total va
an aircraft. The accuracy quoted in Item No. 82017 for the prediction of the fin component is 

When the predicted fin and body contributions are combined (the wing contribution to  is negligib
attached flow), comparisons with the experimental data in Derivations 1 to 20 show that the total values o

 are predicted to within  in most cases at zero angle of attack. This level of accuracy is 
maintained for angles of attack up to about 15° or until separation effects on the wing or fin caus
departures from the low angle of attack values. In view of the fact that the effect of  on the stabil
control characteristics of an aircraft is small and is often neglected completely (see Derivation3 for
example) this relatively high uncertainty is not critical. 

4.2 Applicability

The method assumes that there is a linear variation of yawing moment with yaw rate. Compariso
experimental data suggest that there is little change in the magnitude of the body yaw rate derivativ
angle of attack. Data in Derivation 6 show that for an isolated body, as the angle of attack increases be
10° the forward part of the body can disturb the flow over the rearward part of the body so as to cau
a reduction in the magnitude of  and eventually a change in sign. However, further d
Derivation 6 show that the presence of a wing prevents this adverse interference. Therefore, for the p
of calculating  for an aircraft  is assumed independent of angle of attack. 

Almost all of the data studied were for low subsonic Mach numbers but the method should be app
for all subsonic Mach numbers until the appearance of shock waves or flow separation effects caus
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divergence from the low speed values. A few data available at high subsonic Mach nu
(Derivation 12 for example) suggest that adequate predictions are obtained for Mach numbers up t
0.85. 

The ranges of the more important geometric parameters covered in the development of the me
shown in Table 4.1. In particular note the range of . The values in the range 0.4 to 0.62 corres
to centre of gravity positions appropriate to civil transport and high performance military aircraft; v
of about 0.35 are typical of centre of gravity positions appropriate to light and general aviation aircra
method should be used with caution if an untypical centre of gravity position is taken as a moment re
point. 

It may also be noted that experimental data from two types of wind-tunnel test have been used, tho
tests in which a curved flow is used to represent the yaw rate of the aircraft and those from tests i
the aircraft models are mounted on an oscillating rig. In the latter case the yaw rate derivatives 
measured directly but only in combination with a derivative due to the rate of change of sidesli.e.

 and . The experimental data show that the effect of the sideslip 
derivatives on the body contribution is negligible in the case of the yawing moment, but is very imp
in the case of the sideforce. In particular a number of wing-body configurations, mostly of high perfor
military aircraft, tested on oscillating rigs showed values of , which
very different from the prediction of Equation (3.3). 

These results for oscillatory motion are in accord with slender-body theory. For , slender-body 
predicts a value for the body that is equal in magnitude but of opposite sign to the small theoretic
omitted from Equation (3.1) (see Section 3.2). Equations (3.1) and (3.2) can therefore be expected to b
satisfactory for both steady yaw-rate and oscillatory motion. For , slender-body theory predicts a
for bodies of circular cross-section that is negative and equal to twice the body volume divided by
Such a term is sufficiently large to account for the large positive values of 
have been observed in the oscillatory test data, although for bodies of irregular shape it can only be e
to give an approximate estimate. Care should therefore be taken in situations where  is combin
the rate of change of sideslip derivative. (It should also be remembered that in cases where the c
aircraft is being studied in oscillatory motion, the presence of the fin, and at high angles of attack th
give rise to rate of change of sideslip contributions that are significant for both the yawing moment a
sideforce. (See Reference 32.))

TABLE 4.1 Ranges of Geometric Parameters

Quantity Range Quantity Range

0.2 to 4.0 0.35 to 0.62

0 to 0.10 h/d 0.35 to 1 a

 1 to 1.25b

1 to 1.8 c

0 and
0.1 to 0.7

5 to 15

a. For high performance military aircraft with ‘rectangular’ midbody and 
afterbody cross-section shapes.

b. For light and general aviation aircraft.

c. For aircraft with elliptical cross-sections.

lcg/lb

Nr Nv·–( ) αcos Yr Yv·–( ) αcos

Yr Y
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– αcos( )bSW/lbSb  0.20+≈

N
v·

Y
v·

SWb
Yr Y
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5. DERIVATION AND REFERENCES

5.1 Derivation

The Derivation lists selected sources of information that have assisted in the preparation of this Ite
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twin vertical wing fins. NACA tech. Note 2534, 1951.

5. FISHER, L.R.
MICHAEL, W.H.

An investigation of the effect of vertical-fin location and area 
low-speed lateral stability derivatives of a semitailless airplane mo
NACA RM L51A19 (TIL 2655), 1951.

6. LETKO, W. Effect of vertical-tail area and length on the yawing stabil
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Slender-body Theory
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5.2 References

The References list selected sources of information supplementary to that given in this Item.

ESDU Items

Rate of Change of Sideslip Derivatives

29. ESDU Aero-normalised stability derivatives: effect of wing on yawi
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30. ESDU Wing-body yawing moment and sideforce derivatives due to side
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6. EXAMPLES

6.1 Example I

Calculate, for low speeds, the body contribution to the yaw rate derivatives  and  for the configu
shown in Sketch 6.1. The wing reference area  is 600 ft2 and the reference span is 63 ft. The area of 
side elevation of the body is  and the area of the base is . 

Sketch 6.1   

From Sketch 6.1,  and , so that .

From the given information .

Therefore, from Figure 1 (or Equation (3.1))

,

and .

Nr Yr
SW

Sb 340 ft2= Sbase 33 ft2=

lb 73.0 ft= lcg 41.1 ft= lcg/lb 0.563=

Sbase/Sb 0.097=

Nr( )
B
b2SW/lb

2Sb  0.037–=

Nr( )
B

 0.037 73.02 340/632 600×××–  0.028–= =
12
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fuselage
As stated in the text,  is often omitted in studies of aircraft stability. If of interest, however, the
contribution may be estimated from Equation (3.3),

,

so that .

6.2 Example II

Calculate the change in  caused by increasing the length of a fuselage of circular cross-sectio
ft, as shown in side view in Sketch 6.2. The reference wing area may be taken as 1500 ft2 and the span as
110 ft. 

Sketch 6.2   

For bodies of the type shown, which have zero base area, Equation (3.2) gives

.

Therefore, for the shorter fuselage

,

and for the longer fuselage

.

The magnitude of  is therefore increased by about 70 per cent because of the increase in 
length. 

Yr

Yr( )
B
bSW/lbSb  0.040–=

Yr( )
B

 0.040 73.0 340/63 600×××–  0.026–= =

Nr( )
B

Nr( )
B
b2Sw/lb

2Sb  0.01–=

Nr( )
B

 0.01 1202 1550/1102 1500×××–  0.012–= =

Nr( )
B

 0.01 1402 1850/1102 1500×××–  0.020–= =

Nr( )
B

13
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FIGURE 1  BODY YAWING MOMENT DERIVATIVE FOR 
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