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SUMMARY

. A method is derived which estimates the tailplane rolling moment
coefficient due to gideslip for use in strength caleulations. The

- investigation covers the contributions to the rolling moment from the
end-plate effect at the fin (twin fins are not considered), the dihedral
of the tailplane, the effect of the body (which differs on the lee and
wingward-sides) , the effects of sweep-back and plan form, and of unsym—
metrical 1lift dlstribution on'the main wing, An allowance is made fop
the influence of propeller slip-stream, and a tolerance suggested to
cover inaccuracies of the method. Compearison with experiment shows good

agreement, The method is summerised and an example given in appendices,
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NOTATTION
Geametric aspect ratio
Effective aspect ratio

ac
2;E = slope of the lif't curve per radian angle of incidence
a

Span
Span of the fin and rudder above the tailplane

Breadth of the fuselage

Geometric mean chord

Lift coefficient

Roll ¥
-SVZSb

= rolling moment coefficient

Glauert factor for correction of the lift curve slope due to
Mach numbers

Factor which allows for aspect ratios differing from A = 6

Height of the fuselage

B rolling moment derivative of the tailplane per radian
angle of sideslip, positive if the windward side is
turned down

—— = rolling moment derivative per radisn angle of sideslip
Rolling moment derivative per radian angle of sideslip due to
plan form effect

Mach number

Load induced on one half of the tailplane

Load on the fin and rudder

/(1 + B) = Special velue, giving the rolling moment due to
fuselage effect

Correction factor for the ecnd plate effect to allow for verying
fore and af't horizontal position of the tallplene relative to
the fin

Area

Position of the quarter-chord line of the tailplane behind the
quarter-chord line of the fin and rudder

-l -
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NOTATION (CONTD.)

Position of the wing or tailplane above or below the fuselage
centre line

Angle of incidence, radian

Angle of sideslip, radian

Angle of dihedral, radian, positive tips up

Angle of sweep-back of the quarter-chord line, radian

Taper ratio, tip chord divided by centre line chord

Referring to the tailplane

" " " fin and rudder

Without suffix: referring to the main wing
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1 Introduction

Unsymmetrical lcoads on the tailplane are critical for the design of
the tailplane, since they affect the shear in the centre section, and
apply torsion to the fuselage. In flight with sideslip, the magnitude of
the stress depends on the rolling moment coefficient of the tailplane.

Thus, if the rolling moment is given by
Roll M = '%‘PVZ SHbHKB 3

ac
where K = = s is the rolling moment coefficient per radian angle of

ap
sideslip, the problem is solved as soon ags K 1is known. The sign of K
is positive for moments which turn the windward side of tailplane down.

The aim of this paper is to give a method for calculatien of this
coefficient with an accuracy sufficient for strength calculations, The
method considers separately those effects which influence sppreciably
the rolling moment on the tailplane, The effects considered come from

(8) Lift on the fin, K,

(b) dihedral of the tailplane, K5,

(¢} fuselage influence on lee side, Ks,

(@) fuselage influence on windward side, K,

(e) dihedral of the main wing, Ks s

(f) fuselege influence on main wing, Ke»

(g) tailplane plan form and wing plan form, K7,

(h) influence of propellers, Kg-

The total effect is considered to be the sum of all these particular
effects., A small tolerance is added to cover inaccuracies of the method.

The effect of Mach number is considered in an Appendix.

2 Rolling moment due to the 1ift on fin and rudder

One well known cause of tailplane rolling moment is due to the 1lift
(lateral forece) on the fin. The vortices produced by this lift (see Fig.1)
change the angle of incidence of the tailplane and thus produce 2 rolling
moment on the tailplame. , It is greatest .if the tailplane is at the upper
or lower end of the fin, but of opposite sign, and it is zero if the tail-
plane is placed symmetrically in the centre of the fin.

A theoretical investigation of this effect by Rotta? was based on
the assumptlon of a constant ‘induced downwash at both fin and tailplane.
This a.:sumptn.on has been proved invalid by Katzoff and Mutterperid if
the span of the “tailplene ais grea.ter than that of the fin, as it is in
most practical oases.



However, it is possible to modafy this theory to obtain agreement
with measurements by applying a correction factor; this has been done
by Murraylk and by Lyons and Bisg00d5. Both papers correct the factor

fg which is used to find the effective aspect ratio of the fin with
A

consideration of the tailplane as an end plate.

The aspect ratio is increased bhecause the development of the border
vortices is hindered by the end plate and their induced downwash is there-
fore decreascd. Since the induced rolling moment at the end plate is the
reaction to this effeet, it seems reasonable to apply the same correction,

as for %? » to the theoretical wvalues of the rolling moment.

A
In Pig.2 the factor -§ is plotted according to the theory corrected

to agree with experiment. Using the effective aspect ratio A,, the lift
curve slope of the fin may be found from Fig. 3.

Fig.l, shows the effect on the tallplane. The theoretical values of

P
§% are plotted, i.e. the ratios between the load on one half of the
tailplane and the load on the fin, corrected by the factor (-{?- - 1),

The arm of the 104d may be assumed omstant at 0.37 %? for all practical
b

ratios of EE , in accordance with theory.
v

Another influence is provided by the horizontal position of the tail-
plane relative to the fin. It is possible to illustrate this effect using
a simple model of the fin as a horseshoe vortex, When the tailplene is in
the rearviard position of Fig,ba the vortex has a greater influence than
when the tailplane is in the forward position of Fig.6b,

Murrayt measured the variation of the effective aspect ratioc of a
fin with the teilpleane in various relative horizontal pogitions, He found
that the increasc in the effective aspect ratio is greater when the tall-
plane is in the rear-ward position and vice versa, The introduction of a
fagtor R, based on measurements and plotted in Fig.5, can be used to
include the effect of Lhe relative fore and aft positions of the fin and

A
the tailplane. The factor R multiplies the increase L?? - 1) given

by Fig.2, and the same correction can therefore also be gpplied to the
rolling moment on the tailplane, i.e. to FH/PBy of Fig.k.

Further, we have to consider the ratio between the chords of the
fin and rudder and the tailpleane, The rolling moment will be smaller if
the mean tailplane chord is smaller than the mean fin and rudder chord,
and in the ratio of these chords. Thus we get

Sy Py ©
v ‘H ©SH
I~ 0.3 — e e—— R
% TNHE N S
P
1l.e. = 0,37 B.v—— —}-{- R (1)
H by Py
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The sign of K; is that of ﬁﬂ , i.e. positive when tne tailplane position
v
is in the lower half of the fin, and negative if 1t is in the upper half.
For span and area of the vertical plane we use the conventions suggested
in Ref.5.

For comparison with experiment there is a rcliable measurement of
this contribution made on the "Hastings" aircraft. The roliing moment
of the tailplanc has beon measured with and without fin. The experimental
result was AK = 0,091 for the addition of ihe fin, and calculation gives
AK = 0.099, which is fair agrcement considering the roughness of the
method and the experimentcl difficulties of mcasuring the effect. It
should be stressed, however, that both the estimated and measured values
do not include the changes coused by rudder deflection, and thesc may be
considerable,

3 Rolling moment due to dihedral of the tailplane

To estimate the effect of the tailplane dihedral, T'ys We use the

method given by Levacic™, When the angle of sideslip is B, there is a
constant anti-symmetrical angle of incidence of BT, on both halves of
the tailplsne, We calculete the 1ift on each side, using a 1ift curve
slope appropriate to half ihe geomectric aspect ratio, and assume this

Lift acts at -3"1:)-1:- of the seml~-span., %e then find:

———

2
where Ty 1s the dihedral angle of ihe tallplane in radians, positive
when tip up, and a < \ the 1ift slopc laken from Fig.3 for half the tail-

)

plane aspect ratio.

K, = -0.212 a(p.H) Ty (2)

Measurements on the "Hastings" aircraft with various dihedral angles
of the tailplane givc the results below:

Tailplanc Value of K
dihedral. Fin present Wi thout fin
-10° +0.103 +0,023
0 +0, G5, -0.057
+10% -0, 052 ~Co143
+15° ~0.098 -0.189
From these results wo get an average value of AK = -0.48 per radiesn
dihedral, and our formula gives AK = -0.52, which may be considered to

be satisfactory agreement.



L Rolling moment due to fuselage effect

(a) Ilee side

It is evident that, when yawed, the fuselage will influence
greatly the rclling moment on the tailplane. A theory has been aeve10ped7
which gives the effect of the body on main wings in yaw. The fundamental
idea is to split the veloecity of the airstream round the fuselage into
two components, one in the direction of the aireraft plane of symmetry
(which gives no cffect) and another perpendicular to this, i.e. in the
direction of the span. The latier component has an inclination upwards
or downwards and differs in front of the body and behind it (see Fig.7c).
The rolling moment of the wing in this flow, per raiisn sideslip, can be
evaluated; it is positive for low-wings, negative for high-wings, and zero
for mid-wings. The results of this theory agree well with experiment,
although the assumption, that the fuselage is of infinite length and of
the same cross section as at the quarter chord line of the wing, is not
true of actual airecraft,

The same method cannot be applied to the effect of the body on the
tailplane. This may be explained by Fig,7a, where the streamlines on an
aircraft are shown, when yewed through 10 degrees. Consider the stream—
lines which meet the tailplane on the lee side, most of them have crossed
the fuselage at a gsection other than at the tailplane, Hence, if we want
to apply the usual method, we should take body sections similar to those
which the streamlines have passed. Thus for thc lee side we consider the
fuselage section at the wing (streamline II of Fig.7b). But the wing
itself changes the Tlow around the fuselage at this section in such a way
that the stagnation point is shifted to the root of the wing. The usual
streamline pattern might therefore be applied here, if we replace the
body section by an imaginary section consisting of the part of the body
above the wing and its reflection at the wing root line (Fig.7c¢). The
other streamlines (I and III of Fig,7b) traverse parts of the fuselage
before or behind the wing and, if one wants to represent them by one
streamline pattern only, it would be best to teke the pattern for streamr
line II.

¥ith this simplification we_are now able to calculate the rolling
moment using the work of Levacic! but extended to cover ratios of H/p
appropriate to the tailplane. The resulting curves are presented in

2
Fig.8. The value plotted is Q = VB per radian yaw, The factar

1+H

(4 +-%) cames from theoretical considerations and allows for the slender-

ness of the body cross-section; % is the ratio between body breadth and

body height of the imaginary scetion. The curves are besed on elliptical
wings of aspect ratio A = 6, but we may apply them for other sspeot
ratios if we multiply them by the function;G(A) reproduced in Fig,5 from
Ref.7.

There is a difficulty in deciding at which vertical position the
tailplane should be placed relative to the body section at the wing
(z of Fig.8), since, if the aircraft changes to a greater angle of
incidence, the tailplane is at a lower position compared with the position
when the wing is at zero-lift. However, from the strength aspeot we are
interested mainly in the high speed flight conditions when the fuselage
axis lies approximately in the direction of the streamlines, It is
sufficient, therefore, to consider this vertical position only.

- 9 m
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Thus we ignore
(a) the effect of downwash on the streamlines,

(b) the fact that the fuselage cross section is generally less
at the rear of the fuselage, and

(¢) the fact that the simple approach gives a greater deviation
of the stagnation point from the centre of the fuselage than
occurs in practice, This results, with our method, in a fuse-
lage of too great a height, cxcept for mid-wings.

The neglect of (a) usually results in an under-estimate but this is
probably balanced by the neglect of (b) and (c), both of which cause an
over—estimate.

Thus we come to the following rule: Take the body section at the
wing, but reflected at the wing root plane, and the position of the tail-
plane relative to this section when the fuselage axis is horizontal, If
we then resd off the value of @ from Fig.8 and G(Aﬁ) from Fig.9 we get

the rolling moment cocfficient for thc lee side as

K3=O.5><Qx(1+§) XG(AH) (3)

The sign is positive if the tailplane position relative to the wing at
the imaginary section is below and negetive if it is above.

(b) Windward Side

As cen be seen from Fig.7a, the streamlines passing the windward
side of the tailplanc have not orossed the fuselage at the wing and this
side therefore must be treated differently to the lecward side. We
consider that the body influences the tailplane in a similar memner to
the wing; this will still be true if the tailplane is situated forward
of the fin. The displaccment of the flow by the fin is already considered
in the end plate effect of the fin, but if therc is a long dorsal fin this
should be dsalt with as if it belonged to the fuselage., Thus we take the
body section at the leading edge of the tailplane and the vertical position
of the tailplane rclative to this section, and read off the sppropriate
value of Q@ from Fig.8, The rolling moment coefficicnt is then

1<2+=o.5xQx(1+~§) X G(pp) (&)

In general, we get a large negative rolling moment from the lee side
and the appropriate contribulion from the windward side is small or even
zero, The available measurements confirm these effects very clearly.
Fig.10 shows ithe regults of wind tunncl mecasurements on the Typhoon model ;
of the rolling moment coefficient, which ias negative in this cese, roughly
two thirds come from the lec side, and one third only from the windward
side. Celoulation, see Appondix 2 (or table I), gives K = ~0,0835 for
the leo gide and X = ~0,0306 for the windwerd side, and these agree well
with the valuecs measured.

- 10 -



Further confirmation comes from the flight measurements’© shown in

Fig.11. Calculation, without propeller influence, (see table I), gives

= -0,697 for the lee side and K = -0.0198 for the windward side. The
experiments show that nearly the whole rolling mement comes from the lee
side and a very small contribution only from the windward side, in good
agreement with the calculation. We also see that this distribution dces
not depend much upon the propeller stream, for it is much the same with
either port or starboard wing forwerd and with power off or on.
From the measurements on the Brabazon' | , shomn in Fig.12, it can be
seen that although the totsal rolling moment is positive the lee side
again gives the more negative contribution. The values calculated without
propeller stream are also plotted in the curves, but the agreement between
calculation and measurement is not so close in this case as in others.

5 Effect of unsymmetrical 1ift distribution on the wing

(a) Dihedral of the main wing

An unsymmetrical 1ift distribution on the wing results in an
unsymmetrical downwash which produces a rolling moment at the tailplane.
This tailplane rolling moment is opposite in sign to that on the wing.

We may spproach the calculation of this effect by using the known
fact that the downwash sngle at the tailplane is usually about half the
angle of incidence at the main wing, This is true for symmetrical angles
of incidence over the whole wing only, but it will be a reasonsble first
approximation for anti-symmetrical angles too. However, for an anti-
symmetrical distribution on the wing the mutual interference between the
downwash from one side and the upwash from the other will cause some
reduction in the effective downwash at the tailplane. To allow for this,
we shall take a quarter instesd of helf the angle of incidence at the wing.

ac
Now, if the rolling moment coefficient at the wing is ( 5) per

ag/ w
redian sngle of yaw, and if this is caused by an anti~symmetrical engle
of incidence + Aa , which is constent on each side, and positive on the
windwerd side, we may calculate the rolling moment using strip theory,

assuming the 1ift curve slope, a, sppropriate to half the wing aspeot ratio,
and teking the 1ift as eoting at .35-_ of the semi-span. Hence
™

c'lC&

—£) . . 2.
ap/ w a(.z&)' \aat - Ix*

In the same way we get for an anti-symmetrical engle 4 at the tailplane
“H

K = e - lAa L] "-g'— a‘

P gl = (52)
z

If we calculate Aa from the first squation and put ba, = I ba , we get

(=
%;§X<$6L (5b)

hY

]

I

1
NN

-1 -



dgc
This equation may be used when (—f’-> is known.
AR /Wing

ac
If (—-ﬁ> ig not known, but the dihedral angle of the wing is T
4B /wing

radians, then for an angle of yaw of 8 radiens, 4a = BT, 1.e.

hdi

)

and directly from equation 5a we get

_ L 2
KP&(ﬁIi) T
2
K5 = 0,053 a AH>I‘ (6)
2,

(b) Influence of the fuselage on the main wing

The rolling moment on the main wing caused by the influsnce of
the body has to be dealt with a little differently. As before, we take
bay = =z Aa. In this case, the anti-symmetrical angle of incidence of
the wing is not constant along cach sewi-span, but is greatest close to
the fuselege and decreases rapidly at the wing tips.

»

However, if we assume the distribution of +this angle of incidence to
be the same at the tailplene as at the wing, but a quar%er the magnitude

and of opposite sign, we may use the values of Q = VB as given in

1+-ﬁ

Fig.8, and apply this result to the taillplane with the smaller span. If
1

we assume & ratio of -5-1- = -3-, which is an average value for practical

aireraft, we find that for the fuselage widths of typical aircraft we get
a reasongbly constant ratio between Q for the tailplane and Q for the
wing which is

_QH ~ 6.0
Qwing,

To correct for the aspect-ratic of the teilplane we have to multiply
by the appropriate factor G( AB) from Fig.9.

Thus we get

K:—GV%QX(1+%) % G

(2)

Kg = ~1.5 x @ x (4 +§)xc-uﬁ) (7

where @ and -I?T apply to the sections at the wing.
- 42 -



6 Effects depending on 1ift

(a) Effects of the tailplane and the wing plan forms

The effects dealt with so far can be regarded as independant of
the 1lift. There are other effects, however, which depend only upon the
1ift, The first of these is the influence of the tailplane plan form,
and we shall consider now this effeect for a straight wing, and later
superimpose the effect of sweep.

An untwisted wing with no 1lift produces no rolling moment in sideslip,
but if it has an angle of incidence, i.e. 1lift, a rolling moment is produced.
When the wing is yawed the 1lift digtribution is changed by three effects:
1. by the oblique location of the vortex sheet, 2. by the lateral flow
along the wing span and 3. by the altoration of the incident velocity
(V cos B instead of V), The first two effects produce 2 rolling moment,
the magnitule of which depends on the Win% plan form and aspect ratio.
Theoretical calculations by Weissinger!?,13 are in good agreement with
available messurements! and can therefore be used as a basis. They are
represented in Pig.13, and the value %‘-;E per radian angle of sideslip
has been plotted for various aspect ratios and taper ratios, and for
elliptical wings. Reading off this velue for the parometers eppropriate

to the tailplane, we obtain
K - -""’!E) o, (8)
(GL g oo

where OLH is the 1ift coefficient of the tailplane, whether produced by

incidence or elevator deflection. Ve see, from Fig.13, that the effect
is considerable only for small aspect ratios and plan forms close to the
rectangular cne.

We may also consider the same effect at the maein wing, which, by

means of the downwash, gives a rolling moment of opposite sign at the
tailplane, We have already derived the general formula (5b). If we put

(?.?&) = (ﬁfﬂ) . Cp, we get
aB/w CL/Wing

K = =0.25 a(ﬁ;) (fv—p) (9)
= =0, iéj‘ 0L, ping ‘L,

(v) Effect of sweep-back of the tailplane and of the wing

For a swept wing in yaw, an anti-symmetric angle of attack
occours on the halves of the wing., The resulting rolling moment has been
caleculated! and is given by

thvSWeep

= ~0,268 sinld per radian yew,
L

-13 =

g
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for an elliptical wing of aspect ratio 4 = 6, A being the angle of sweep-
back of the querter chord line, For other aspect ratios we multiply this
value by the function GXA) given in Fig,9. We therefore get for a tail-
plane with sweep-back Ay

K = ~0.268 sin Ay . O, - G(ay) (10)

In the same way, we may calculate the rolling moment due to the
sweeprback of the wing, and estimate the reaction at the tailplane using
equation (5b). Thus

ac ,3> )
— = ~0.268 sin A . & .
( ag/w (A) CL

whence

K = 0.067 sin A. (1)

where Cp is the lift coefficient of the wing,

The toteal Gependance on O &nd therefore, from equations (8),
(9), (10) and (11}, is "Ly

3 a
K7 = % }:-—0.25 (—ﬁ—"wf-)wJ, 0,067 . G(g) » sin A}GL +

K%}r ~0.268 . G(yy . ®in g }q,H (12)

7 Effect of propellers

The slipstream from propellers affeots the rolling moment on the
tailplane. Even when the aircraft is not yawed there may be some rotation
of the slipstream, and when the aireraft is yewed there will be changes in
the wake pattern from the propeller. 4 method which Yook into account the
many possible propeller variations would be very camplex indeed. Thus we
will confine ourselves to a somewhat arbitrary procedure hased on the
measurements shown in Pigs.10 and 11.

The most critical conditions of tailplane loading arise in sideslip.
It seems reasonsble, therefore, to consider the propeller contribution to
the tailplene rolling moment vhen the aircraft iz yeswed through i 10° and
to translate this in terms of X +to conform with the treatment adopted
for the other effects., In this way & value of

Kg =  0.015 (13)

is suggpested as generally sufficient to allow for the effect of the
propeller slipstream.

-1 -



8 Limits of accuracy

We cannot expect great accuracy, in view of the rather rough assump-
tions. Moreover, there are other minor influences which have not been
considered and which mey produce & rclling moment, for example slight
differences in the airplane on the two sides of the plane of symmetry
(see Ref.1L). For these reasons it is advissble to include a tolerance
in any estimate of K. A tolerance of

AK = + 0,025 (14)
seems reasonable and sufficient to cover all possible errors.
This method does not include the effect of high Mach numbers, dut,

as shown in Appendix 3, it is possible to include this effect by multiply-
ing those contributions independent of Cp, (i.e. Ky to Kg) by a fastor

L
AH> 1+ By
o = 1
I‘.rl(—z_ /1..-%2%—)‘_L (5)
\ + AH

9 Comparison with measurements

Table I compares the rolling moment coefficients estimated by the
method proposed with those measured in the wind tunnel or in flight., The
separate contributions are given, In Appendix Il the calculations for an
aircraft are given in detail, The contributions depending on 1ift are not
included in these exampleés, since they are small, and no contributions were
addcd for propeller effects, because the experimental values are either
without propeller or the average between power off and on. TFigell showsm
the sade=views of the aircraft cxamined.

The experimental results scometimes show a considerable scabter (see
Teble II) if some parameters are varied, such as the angle of incidence ef
the aircraft or the tailplane, clevator deflection, propeller thrust, and
magnitude or direction of the angle of yaw. In such cases an average value
is used for camparison.

Table T indicates, that the method proposed gives the correct sign
and the right order of magnitude, and that inclusion of the suggested
tolerance of AK = + 0.025 covers all the measured values.

10 Conclusions

The method proposed gives results which are in satisfactory agreement
with measurements. It might therefore be used for the calewlation of the
unsymmetrical loeds on tailplancs in those cases where no reliable wind
tunnel measurements are aveilable.
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APPENDIX I

Summary of the method

First collect the basic data., These are:-

Wing:

b = ft

S = sg.ft
A =

A

2

T = radian
A = radian
T =

Horizontal tailplane, including elevator:

by = ft

Sy = sa.ft
Ay =

4

> =

TH = radian

Ay = radien

Vertical tailplane, including rudder:

by = ft (as defined in (5) i.e. including the fuselage width below
the centre of fin and rudder).

Sy = sa.ft (including the fusclage below the fin, but only up to the
defined spafl,®compare Fig.15b).

-

A.V =
Av = radian
Ty = ft

- 17 -



1 End plate effect

We consider a cross section at the tallplane, see Fig.15a, and read

b b
of f -g%l and g . From Fig.?, we take ﬂf— corresponding to these
; v
perameters, and find the cffective aspect ratio of the fin A, = % X A

With this valuc 4, we find ay from Fig.3. It is not advisable to use a
correction if the fin is swept, because this effect iz negligible for the
generally small aspect ratios of the fin: Next we read off the velue

- o
-%1 from Fig.4 for the paremeters U end ? . Next we consider a
v

side view of the fin with the tailplanc (sce Pig.15b) ond estimate the
average position of the querter-chord line of the fin and the quarter—
chord line of the tallplane; swecp~back should be considered here. We
read off the distence =z (£t), i.c. the position of the gquarter—chord line
cof the tailplane behind or before the quarter—-chord line of the fin and
rudder; x is positive for a rearward position of the tailplane. TWe

calculate <= , and take the value for the correction factor R from Fig.5.
ey

We now introduce all values in formula {1)

B
K1=o.37aV§-Vﬂ-@-R (1)

H Py

2  Dihedrzl of the tailplene

-

We read of'f the value of the lift curve slope a (Z—-I—i) Tor the aspect

ratio %ﬁ- , using Fig,3, VWhen %{-— < 1.5 no correction factor to "am
should be epplied for sweep of the tailplane, but for -AEH- > 1.5 it should

be multiplied by a factor M . Ve introduce the values into

2
formula (2)

2

K, = =0.212 a(AH> “H (2)

3 Fuselage influence on lee side

e consider a cross section through the fuselage at the quarter-chord
position of the main wing, (Fig.{5c) and mark the position of the tail-
plane relative to this cross secticn when the air stream is parallel to
the fuselage axis. Wc now replace this section by one which is given if
that part of the body on the same side of the wing as the tallplane is
reflected at the main wing (See Fig.15d). We rcad off the height H of
this imaginary fuselage, its breadth B, and the distance z of the tall-
plane from the horizontal axis of symmetry, calculate the values

bﬁ and — , and read off the velue Q from Fig.8, Q 1is positive if the
o) H

position of the tailplane is below the wing, ncgative 1f it is above.
Ve further take the corrcetion Tactor G from Fig. 9 for the tailplane
aspect ratio Ay Ve now introduce all values into formula (2)

- 418 ~



K, = 0.5xQx<1 4%.) x G( ag) (3)

L Fuselage influence on windward side

We congider a cross section through the fuselape at the leading edge
of the horizontal tailplane (Fig.15d). If there is a long dorsel fin
which was not included in the fin area, we have to allow for this by
considering it as belonging to the fuselege. Calculate I and Z and read
off Q from Fig.8. We then find b H

K4=0-5XQXCI+‘§>XG(A@ (&

5 Dihedral of the main wing

Using the same velue for a e as in pare.2, we find with equation (6)
)
K5 = 0.055 afg\el
("5' (6)

[ Fuselage influence on main wing

We consider a cross seetion through the body at the wing, which is
the same as Tirst used in para.3, (Fig.15c) but without the teilplane,

and read off %- end £ for tho position of the wing. Fig.8 gives us Q,

and we find K from formula {7)
K = —1-5><Q><(1+-§>XG(1°H) D

7 Effects depending on Cp, and Oy

For the aspect ratio of the wing and taper-ratio of the wing, we
read of f from Fig.13 the value of (%) , and, in the same way far
Wing
£
the sppropriate parameters of the tailplane, the value (C‘}:_,E) " Further-
more Fig.3 gives a/p) ond a/A> , and Fig,9 Gep) emd G(AH). We introduoce

.2/ \3

these values into equation {12)

@ o -
2 [_0.25 (—013 . 0,067 G(p) sin A }CL“P

0

[(ﬁz) ] ~0.268 . G(z) sin Ay }OLH (.12)

Ky

CrL

where A and Ay erc the angles of ‘zwecpbeck of~the- quayter-chord 1line
of the wing and the tailplane.
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8 Propeller inf'luence

To allow for the propeller influence we take

Kg = + 0.015 (13)

g Tolerances

To include tolerances, we add
AKX = + 0,025 (14)

10 Total Value

The total value is given by
K = X + K + K3 + Kﬁ + K5 + K¢ + K7 + Kg + &K

11 Mach number effegt

I we have to consider the offcect of Mach number, then for -Mach
numbers-up to 0.3 we calculate according to equation (15)

1+ 7

(15)

and get, wvath Mach number effect,

K = (K1+K2+K3+KLF+K5+K6) fM(AH>+I%+K8+AK
\2

Por Mach numbers greater then 0,8 the same value-as for M = 0.8 should be
teken in lieu of betier data.

- 20 =
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Example
The calculation may be shown in detail for the example of the Typhoon.

We collect the fundamental data

Wing:

b = J1.6 £t

S = 279 sq.ft

A = 6,20

£ = 3.10

T = %:50 (average) = 0,0785 red.
A = 0°

T = 0,50

Horizontal tailplane:

by = 13.0 ft
S = 43.9 sq.ft
Ay = 3.86

e G

2

I‘H - 00

g = @

"UH = 0.61

Vertical teilplane:

6.5 £t

o’
<
i

Sy = 33.3 sq. 't

Ay = 1.27 (geometric)
Av = assumeﬂ: G-
Sy = 5.12 hik



1 End plate effect

The dimensions of the cross section at the tailplane are given in
Fig.15a, and we find: -

byyy

bv = 0. 626 H

= 2,00

S

From Pig.2 we find % = 1,02 so that Agpp = 1.02 x 1.27 = 1.30,
and from Fig.3 we get ay = 1.77.

P
From Fig.l we read off _P.Vli = + 0,09,

Prom the sketch Fig.15b we find x = ~1.8 £+, and thus X/EV = =0.351.

The value R = 0.65 is given by Fig.5.

Thus from equation (1)
R .
K = 0.37 x 1.77 x £5-x 0,09 x 0.65
1, 13 \e

v

K‘l = 0,0192

2 Dihedral of the tailplane

Since there is no dihedral, we find Kz = Q.

3 Tuselage influence on lee-gide

Fig.15¢ gives the cross section at the wing with the position of the
tailplane for the fuselage axis parallel to the flow, Fig.,715d gives the
imaginary cross section, if the fuselage is reflected at the wing. Ve
read off

E_M=O.GOO'E=2;5—2-*0-323

= H =

by 13 H .8
and this gives from Fig.8 a value Q@ = -0.1323,
rom Fig. 9 we find G( AH) = 0.83, We now introduce into-equation

(3) ana

K: = =0.5 % 0.1323 { 1 4+ 2222} % 0.83
3 7.8

Kz = -0.0798



L Fuselage influence on windward side

The cross section through the fuselage at the leading edge of the
horizontal tailplene is given in Fig.15e, and we find

H 3.2 0,8
— - &= . 0,2 . = —— = .
3 0.246 37 0.25,

sl B

which gives, from Pig, 8, Q = -0.042. G(AH) = 0.83 is the same as before,
and from equation 4 we find

$

Kla- = -0,5 x 0,Q42 x('l + :2 ) x 0.83

\N

Kh_ = =0,0270

5 Dihedral of the main wing

-?— = 1.93 we find from

For half the aspect ratio-of the teilplane
Fig.3 o.<AH> = 2,40, and with equaticn (6)

2

K5 = 0.053 x 2.40 x 0,0785

X

5 = 0.0100

6 Fuselage influence on the main wing

The cross seotion through the body at the main wing is the same as
in Fig.15¢ (but without the tailplene plotted there). We find

H _ - . 2 2
b,ﬁwo.w,H_s-o.uo,

and Fig,8 gives Q

4

C.0172. G = 0,83 is the same again, so that
(&)

equation (7) gives

Kg = -1.5 x 0,0172 x(‘l +5_.525_> x 0.83

!

Kg = =0.0365

7 Effects depending on C;, and GIH

For the aspect ratio of the wing A = 6,20 .and teper ratio of the wing
T = 0,5 we find from Fig.13

DB\ L 0.0,
Cy, W

—23-4



end for the tailplene with Ay = 3.86 and Ty = 0,61 we find

Lvo _
<—C—L->H = ~0.057

Fig.3 gives a(AH) = 2,40 and a(.A_> = 3.15
e 2
2

Since A = Ay = O, we find from equation (12)

K7 = G.25 x%‘%x0.0‘I‘I xCL—O.057xGLH

8 Effect of propellers

According to equation (13) Xg = & 0.015.
9 Tolerances
We add
AK = 4 0.025
10 Total value

Adding 211 contributions, we find the total value
K = -0.1141 + 0,0021 Cp, - 0.057 x CLH + 0,040

Since the contributions depending on Cp, and GLH are small, for

the high speed flight conditions which give the. greatest”loads-on the
tailplane, we may neglect them and have

K = ~0.114 + 0,040,
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APPENDIX ITI

The effect of Hiph Mach numbers

It is possiblie to extend owr theory for higher Mach numbers within
the range of validity of Glauert's rule. Since the changes of angles of
incidence considered in the theory are generally rather small, one could
assume Glauert's rule to be valid up to about M = 0,8, Thus we should
mul.tiply the 1ift curve slope by the corresponding Glauert factor far the
appropriate aspect ratio., This factor is

2
4 =N
"7

(16)

\/1 - M2 +%

Let us now consider how each of the effects discussed changes with
the Mach number.

1.  End plate effect, formula (1)

Py -
The factor ay increases with fM( )" The ratio fl\'{; may be written as

. If we consider that the effect is caused by changes of the ‘(ﬂu‘x
v
angle of incidence at the tailplane, and these changes remein proportional ad-

to the changes of the angles of incidence at the fin, — increases with %L‘""‘M
Ty _A_H_ By wthe
2

ra CMM)Q
a factor . ) d&.{w .
f:
N(ay) fo:.

The total effect therefore increases with f‘M<AH>

2
2. Dihedral of the tailplane, formula (2)
The effect increases with fiy -
%)
3. TPuselage effect on the lee-side, formula (3)

If we assume the streamline pattern to be the same as at low Mach
numbers, the angles of incidence are unchanged and the rolling moment

. i.e, £
lncreases as a(%ﬁ) l.e. as M(f_ﬁ_)
2

4. Fuselage effect on the windwerd side, formula (4)

A

As on the lee-side, the effect increases with H
:)

- 25 -



5. Dihedral of the main wing, formula (6)
The effect incresses with £y A
G

6. Body effect on mein wing, formula (7)

Since it is due to equal changes of the angle of incidence at the

tailplane as for low Mach numbers, it increases with fM(A
?)

2

7. Plan form effect of the %ailplane, formuila (8)

Since GLH reasonably has to be taken ineluding Mach number effects,

the corresponding angle of incidence is smaller by . But all

T ag)

effects on each half tailplane for the same angle of attask increase with

Y AN ? g0 that sdltogether the effect has to be multiplied by
H
)
bt
AH>
—2
iy
M( AH)

8. Plan form effect of the main wing, formula (9)

Considerations like those for the plan form effect at the tailplane

£
give that ("Cf > W Cp, must be multiplied by
£y i
2
()

Both-the 1lift siopes-give two more factors, so that the total faoctor is

HORROINC)

fM(% T ) ) M( a)

A

N

9. Sweep-back of the tailplane, formula (10)

CLH is obtained with an angle of incidence decreased by m(1}[) .
A
But our numerical factor includes considerations of this angle of attack,

and it therefore must be incoreased by fM(AH> » The total factor is

2
- 26~



therefore

f

Mfﬂ_
2

fM( )

10. Sweep~back of the main wing, formula (11)

Analagous ressoning as in 9 gives a factor

(1)

which must be miltiplied by f

fMG)
2

gso that the total factor is '

=
™ |

A

gr;

(8

Additionsl assumptions have been that: 1. the downwash does not change
with Mach number. 2. The carrection factor for the aspect ratio, G( A)»
deoes not change wiih the Mach number.

I we consider first the effects independent of Cr or OLH, we find
that they all arc multiplied by the same factor fM[AH . At a Mach number
\Z,
of M = 0.8 end for en aspect ratio of the tailplane Ay = 4, this factor
has a value of 1.25. This may be regarded as a reasonsble upper limit.

Those contributions depending on Cr, and OLH decrease with Mach

number, The contributions 8 and 10 are ususlly small campared with those
of 7 and 9, Both, 7 and 9, have the factor

fy
&g
G
U ay

At a Mach number M = C.8, and for a tailplane aspect ratic of even
Ay = 6, the factor has a value of 0.92, Thus the decrease is unlikely to
be more than 8% which we may neglect.

As a rough rule, we can thérefore include the effect of Mach numbers
up to 0.8 by multiplying only those contributions to the rolling moment
coefficient which are independent of' Cp or CLH by the faotar

4
1+1tﬁ

- 27 =
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TABLE I

Comparison of calculated and experimental values of rolling-moment coefficlents K per radian angie of sadeslap

|

l .
Axreraft Typhoon | Hastings| Spiifire | Spearfish Brabazon Firefly | Wywern II! Aarcraf't Ref.10
End plate effect 0.01921 0.0992 0,003 0.0447 0.1160 +0,0199 +0.0967 0.048,
Dihedral of tailplane 0 ' 0 0 0 0 0 ~0.09%), 0
Fuselage~effect, Lee-side | -0.07981 -0.0611 -0,0922 -0.0640 ~G. 0501 ~0.1006 -0,0576 -0.0801
Puselage~effect, Wind-sade | -0,0270| O -0.0274 ~0.,0303 0% -0,0495 ~0,0155 -0,0302
*due to long dorsal fan
Dihedral of wing 0.0100{ 0.0047 0.0141 0.0079 0.0055 +0.0107 | +0.0076 0.0121
Fuselage-effect to wing -0,0365 | -0.0313 -0,0252 0 ~0,0121 ~-0,0,16 ~0.0380 ~0.0397
Estimated Lee-side -0.0835 { -0,0248 =0,07N -0,03%77 +0.0046 ~0. 1061 -0,0705 ~-0,0697
without } Wind-side -0,0306 | +0.0363 | =0.0143 | —0.0040 +0,0547 -0.0550 | =0,0287 ~0.0198
tolerancess 'Total =014 | +0.0115 ~0.093L ~0.0417 +0.0593 -0,1611 ~0.0091 ~0.0895
Tolerances +0.025 ;+40.025 +0.025 +0.025 +0.025 +0.025 +0,025 +0.025
~0.089 {[+0.037 ~0,068 20.017 +0.08; -0.136 ~0.074 ~0.06%,
Estimated . .
s C_O'159 {;0.013 -0.118 -0.067 +0.03L -0.186 ~0.124 0.1
Measured -0.115 [ +0,034 ~-0.115 -0,029 +0.,077 ~0.155 -0,120 -(.086
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Detailed results of some measurements

NACA-FLIGHT MEASUREMENT, REF,10

TYPHOON
Wing . .
K Propeller incidence Sideslip
-0.121 without propeller 5.7° B=10°, right wing forward
-0.110 1 i -0, 650 " u n n
-0.419| with propeller, no thrusti{ 5.7° " " " "
-0, 090 " " ] " =0, & Q " 1] 4 "
0.2 ¢ " " " 5. 7g B=—10% left wing forw
~0.121 " 1 i " -0, 650 n 1 " 1t
-0.133| with propeller and thrust]| 5.7° B=10°, right wing forward
-0, 081‘_ n f n i -0, 650 n n i 1
-0.133; " " " " 5.7° B=—10°, left wing forward
-0.,107 " " u 1" -0, 650 1 1 " "
Average: -0.115
BRABAZON
Anannen s
Elevator Tailplane~ s .

K Propeller Dofloot. Setting Sideslip
0.08l without propeller n = 0° g = 29 50¢ B =10°
0. 091 " ] 1t 1t 1 50
0. 069 " ] n £ = 00 50| 100
0. 085 " n 1 n 1 50
0.078 " " n = 10° g = 2° 50° 10°
0.093 " " " " 15°
0,065 " " " e = 0% 50" 10°
0 - 071 " n " i 1 50
0. 06l " " n = ~10° n 10°
0.070 1 " " o 1 50

Average: 0.077

X Power Lif't Sideslip
—0.031 of £ Cp, = 0.8 Bi1o°, right wing forward
-0,087 ' Cr, = 0.2 "
-0.065 " ¢, = 0.8 | B=—10°, left wing forward
—O. 062 " GL = 0-2 It 1t ] 1"
-0, 080 on gL = o.g B=10°, right wing fomﬁard
_0'093 ] L = O‘ 1t 13 1
-0, 114 " Cr, = 0.8 B=—10°, left wing forward
-0.110 n GL = 0.2 " n " 1"
Average: -0,086
FIRFFLY
K Ving Elevator | s;3e51ip| Kind of measurem.
incidence| Deflect.
-0,218 ¢ =0 =3.50F B = 2° force
-0,139 " " " pressure distrib,
—02155 =020 m= 3° B = 5° force
-0, 110 " u " pressure distrib.
Average: -0.155




FIG1&2.

FIG.). SKETCH SHOWING THE VORTICES WHICH INDUCE THE
ROLLING - MOMENT DUE TO THE LIFT ON THE FIN & RUDDER.
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FIG. 2. FACTOR™R , BY WHICH THE GEOMETRIC ASPECT-RATIO OF
THE FIN & RUDDER HAS TO BE MULTIPLIED TO ALLOW FOR THE
END -PLATE EFFECT OF THE TAILPLANE. THEORETICAL VALUES,
CORRECTED ACCORDING TO MEASUREMENTS.
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F1G.3. LIFT CURVE SLOPE AGAINST ASPECT-RATIO.
LIFTING SURFACE THEORY WITH o,=27x0-88.
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FIG.5&6.
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FIG.5. FACTOR R FOR CORRECTION OF (A ')& R TO
CONSIDER THE HORIZONTAL POSITION OF THE TAILPLANE
RELATIVE TO FIN & RUDDER. 3C =POSITION OF THE 4-CHORD
LINE OF THE TAILPLANE BEHIND THE 4 -CHORD LINE OF

THE FIN & RUDDER Cy,.

FIG.6. skeTcH OF THE VORTICES OF THE FIN SHOWING
THE DIFFERENT INFLUENCES ON A TAILPLANE IN

RE ARWARD (a) AND FORWARD (&) HORIZONTAL POSITIONS.
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FIG. 7

FIG.7 SKETCH EXPLAINING THE ASSUMPTIONS FOR CALCULATING
THE FUSELAGE -INFLUENCE ON THE LEE-SIDE.

@ STREAMEINES  PASSING AN AIRCRAFT AT 10° SIDESLIP (AMIRCRAFT OF REF 10)
(®)-Bo0Y  SECTIONS “WHICH ARE CROSSED BY THE STREAMUINES I, &Il
IF THE .YELOCTTY. |5 SPLIT IN A COMPONENT PARALLEL TO THE AIRCRAFT
e 4 e "

CENTRE L.INE & ANOTHER PERPENDICULAR TO THIS
© PATTERN WHICH “SHEULD REPLACE THE LATERAL FLOW AT ALL SECTIONS



FIG.8.
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FIG.8. Q=:.8 PER RADIAN SIDESLIP, GIVING THE
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FIG.10(a)

C{H
=10°
0 o~ (3 ANGLE OF SIDESLIP
- P ] 5‘70
e oo.65° [ WIND-SIDE
~0-0
X 0650
L.g70 [-EE-SIDE
&L==0-65°
=-0-02 o= 5__?, }TOTAL

FIG.IO (@) TYPHOON MODEL MEASUREMENT,
WITHOUT PROPELLER (REF9).

TAILPLANE ROLLING MOMENT Cy, AGAINST ANGLE OF

SJIDESLIBR Cpy POSITIVE, IF IT TENDS TO TURN DOWN
THE WINDWARD SIDE. V =CALCULATED



FIG.10(b)

RIGHT WING FORWARD.
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FIG.10 (b)) TYPHOON MODEL MEASUREMENT

WITH PROPELLER, NO THRUST, T.=O.
TAILPLANE ROLLING MOMENT Ceu AGAINST ANGLE OF SIDESLIP
Cgu POSITIVE, IF IT TENDS TO TURN DOWN THE WINDWARD SIDE.




FIG.10(¢)

Cﬁ“ RIGHT WING FORWARD
o o
0 S 10 - B
< -
W‘--- D W
~o. o.*@%
L == o
f::g g 7%5 }LEE -SIDE. { |
~-0-02 =
£+ 57° JTOTAL. o
Coy

K LEFT WING FORWARD
0-02

e _ 3

= &30
fj;sso} WIND-SIDE

-0-01

\-—‘:-0'650
K LEE-SIDE

(s 57°

rLs-065°
0-02 - }TOTAL

-5

FIG.IO(c) TYPHOON MODEL MEASUREMENT.
WITH PROPELLER, THRUST T.-0-O4.

TAILPLANE ROLLING MOMENT C3H AGAINST ANGLE OF SIDESLIP
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FIG.lila) NACA FLIGHT - MEASUREMENTS OF

REF 10. POWER OFFE

+ TAILPLANE ROLLING MOMENT C, AGAINST ANGLE OF SIDESLIP
Cg, POSITIVE IF IT TENDS TO TURN DOWN WINDWARD SIDE.
* V = CALCULATED WITHOUT PROPELLER.

THE REFERRED ROLLING MOMENT AT [8=0 WITHOUT
ASYMMETRICAL LOADS IS TAKEN AS AVERAGE OF THE FOUR

APPROPRIATE MEASUREMENTS RIGHT SIDE, LEFT SIDE, EACH
WIiTH POWER OFF AND ON



FIG.11(b)

RIGHT WING FORWARD

CL= 0-8
}LEE-leE
8
o TOTAL
-0-02
Ce. LEFT WING FORWARD
-] o
o "5 -lO —

---------- C’L. o2
_________ CL = OB- W|ND"SIDE-

0-0i
L=08
Co2 }LEE-SIDE
0-02 CL=0-2
\CL _ o-s} TOTAL
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TAILPLANE ROLLING MOMENT Cg,, AGAINST ANGLE OF SIDESLIP
V = CALCULATED WITHOUT PROPELLER.
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FIGI2. BRABAZON WIND-TUNNEL MEASUREMENTS,
TAIL-PLANE SETTING £=50 (REF Il)

TAILPLANE ROLLING-MOMENT Cg, AGAINST ANGLE OF SIDESLIP
Cg, POSITIVE IF IT TENDS TO TURN DOWN THE WINDWARD SIDE.

V = CALCULATED.
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FIG.13. EFFECT OF THE WING PLAN FORM.

ROLLING - MOMENT COEFFICIENT PER RADIAN ANGLE OF
SIDESLIP, DIVIDED BY C,, FOR VARIOUS ASPECT-RATIOS &

WING PLAN FORMS,
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'F1G.14. SIDE-VIEWS OF AIRCRAFT
CONSIDERED IN TABLE T
(WITH MEASURED VALUES OF K.)
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FIG.I5. SKETCHES TO

FUSELAGE-AXIS. @

EXPLAIN THE CALCULATION

FOR THE TYPHOON,

Q, CROSS-SECTION AT THE TAIL.

b, SIDE-VIEW OF THE FIN & RUDDER SHOWING THE DISTANCE 2C

C, CROSS-SECTION AT THE MAIN WING WITH THE POSITION OF THE
TAILPLANE TO THIS SECTION.

d, CROSS-SECTION DERIVED FROM © USED FOR REPLACING THE

LATERAL FLOW.

€, CROSS-SECTION AT THE LEADING-EDGE OF THE TAILPLANE,
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