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SUMMARY

The effect Of compressibalaty on elevator flutter ws Investigated
by using two-dimensional control surface derivasives for Mach nunbers
of 0 and 0.7. 1t 1s shown that C(mpress:l.bllltﬁ my have a consider=

e

able effect when the stack zs fixed, but that the effect is small
when the szick 15 froe.
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1 | ntroduction

In 1542 Fraser and Skan' investigated the effect of conpressibility
on W ng flexure-torsion flutter, using two-dimensional derivatives, and
found that it was small for normal wing densities. They were unable to
investigate the effect on control-surface flutter because of the lack
of suitable control-surface derivatives. . These_derivatives did not become
available until 1948 when Turner and Rabinowitz? published tabl es of
control -surface derivatives for a Mach number of 0.7, for various fre-
quency parameters, and various ratios of the control-surface chord to
the main-surface chord. These derivatives, which are given 1n English
notation by M nhinnick3, have been used here to investigate the effect
of conpressibility on the flutter of a sinple tailplane-elevator system

2 Symnol s

c tailplane chord

o tailplane root chord

Cn tailplane mean chord

Ce el evator chord

s tailplane sem-span

p air density

my = 10 co?p IS a unit of mass per unit |ength
V flutter speed

M Mach nunber

W natural frequency of fuselage vibration in radians/sec
u (distance aft of wing trailing edge)/3.6 c,

w=1at tailplane inertia axis
z displacement at tailplane inertia axis

Zp displacement of a point on the fuselage

3 The tailplane el evator system

The tarlplane (see Fig.1) has aspect ratio 4 and taper ratio 2/3.
It has a fill span elevator w thout aerodynam c bal ance, and the el evator
chord is one third the tailplane chord i.e. ¢z = /3¢, The length of
fusel age fromthe wing trailing edge to the tailplane inertia axis is
3.6 ¢cg. Points on the fuselage are defined by a parameter u which
varies from0 to 1 between the wing trailing edge and the tailplane
inertia axis.

The inertia axis of the tailplane is 0.4 ¢ aft of the |eading edge
and the radius of gyration of a chordwise section of the tailplane about
its CG is 4+ ¢. Theinertia axis of the elevator is 0.3 ¢, aft of the
hinge line and the radius of gyration of a chordw se section About its
C.G 15 % ce. The concentrated mass bal ance is at the mean chord, on
an arm whose length, 5/36 cy, is half the elevator chord at that point.



The mass per unat length of the ta:r.lp]:ane 19 = mg gc/co)z, and
the mass per unit length of the elevator is my = nbmfce/co) . The
static mass balance on each half of the elevator is 0,80p co3.

The degrees of freedom are elevator rotation and one of two fuselage
modes, which are called mdes 4 and B. In node A the tailplane
oscillates in vertical translation and does not pitch. #ode B is
parabolic flexure of' the fuselage, encastré at the wing root. Wth this
mode t he tazlplane oscillates in vertical translation and gatchwith a
tailplane nodal point 2.16 ¢, ahead of the elevator hinge Ilji ne. The
frequency of the tailplane motion in either nmpde is denoted by w. and
is left as an unknown. The frequency of the elevator control-circuirt 1s
1.5 Wa.

The fusel age deflection iN mode 4 13 not defined and so in
calculations with this node it is assumed that the contribution of the
fusel age fin and rudder 'cc the kinetic energy cf the systemais equavalent
to that of a mass 2 sm,  placed on the tailplane, For calculations wth
mode B the mass per unat | ength of the fusel age 15 63.62p ¢ 2 (1 = u)
and the mass at the root of the tailplane ynertia axis to sinulate the
effect of the fin and rudder 1s 0.764 sm..

This fusel age mass distribution can be used in calculations With
nmode A if the formof the node is known, So far it has only been
defined at the tailplane. |f the fuselage deflection in node A i1s
given by zp = 32 (1 - cos mu) then the equavalent mMass at the tailplane
is 2,72 sm,, but a slight change in the formof the node could give the
assumed value of 2 smg. [ few calculations were made for node A, with
the frequency kept constant, to find what difference would have been
made if a mass of 2.72 smy hss been used Instead of the original moss
2 8mp. The difference was found to be small.

4 Description of the calculaticns

The variation of the flutter speed with mass bal ance was I|nvestigated
for both mode A and mode B with derivatives for # = 0 and ¥ = 0.7
for two stick conditaons;

(1) stick free, no elevator circuit staffness,
(2) stick fixed, with an elevator circuit frequency 1.5 4.

No stick faxed flutter was found in mode A or mode B with
positive mss balance.  The calculations for node B stick fixed nere
repeated with the noment of inertia of the elevator doubled but with the
el evator mass noment about the hinge unchanged in the expectation that
this new systemwould flutter for positive mass bal ance. Mede B was
chosen in preference to node A because, for the original system the
curves for node B stick fixed were nearer the positave quadrant than
the corresponding curves for node A, (See Figs.2, 3,5 and 6).

The derivatives used for both M= 0 and 1 = 0.7 were two-
dimensional derivatives and no aspect ratio corrections vere applaed.
The calculations for M= G 7 could not be taken beyond a frequency
parameter of 1.4 because derivatives for higher frequencies were not
avai | abl e.

5 Results
In each of Flgs.2 to 6 flutter curves are drawn of V/wf Crn agai nst

a non-dimensional Mass bal ance paraneter. On each figure are tw curves,
one for M = 0 and one for M = 0.7.
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The curve for M= 0.7 may be interpreted 1a two weys. The speed
can be considered constant to agree watn the Macn nunber of the curve

and the fuselage frequency then varies along tne ordinate. The curve
will then give the mass bal ance needed to prevent flutter at M = 0.7

for any fuselage frequency. If, on the other hand, we is constant,
then Vv nust vary along the ordinatc, The curve is no longer a flutter
curve beecausc the Mach number of the flutter speed docs not agree wnth
the Mach nunber of the derivatives, except at a few points. The flutter
curve is the locus of these points as the Mach number varies. Only
those points on the flutter curve for which the Mach muber is 0.7 can
be found fromthe given curves. Neverthel ess those curves can give

some indication of the shape of the true flutter curve.

In Figs. 2 and 3 the stick free curves arc given : in nmode A the
conpressibility effcct 1s slightly beneficial and in node B the effect
as negligible.  The stick fixed cases are given an Figs. 5 and 6; for
both nodes flutter is inpossible vath positive mass bal ance, but the
effect of conpressibility is to nove the curves towards the positive
quadrant. |n Fig.h, curves arc given for node B stick faxed wath the
el evat or anertiza doubled. Flutter is now possible for M = 0 and
M= 0.7, and conpressibility gives worse flutter characteristics.
Doubling the ¢levator inertia gives the effect of altitude at 22,000 f4
if the speed 1n the ordinate 1s read as the equival ent airspeced, because
al though theorctically it 15 necessary to double a1l the Structura
inertia terns it has been found sufficient in practice to double only
the el evator tcrms,

Altnougn the cal cul ations have been made for elevator flutter they
can also give some indication of the effect of compressibilaty on sone
ot her kinﬁs of flutter, nanely fuselage |ateral bending ~ rudder fluttor
and wing flexurc - aileron flutter. The position of the main surface
nodal point differs for eaen kind of flutter. For wang flexure-aileron
flutter the nodal point is at infinity; for rudder and elevator flutter
the nodal point 15 between the wing and the tailplane. In the resonance
nodes the tailplane nodal point 1n the fundamental wvertical bendi ng mode
IS nearer tno tail unit than is the fin nodal point in the fundamental
lateral bendang mode and it is probable that this wall also be so for
the correspending flutter nodes. The theoretical reason for this is
that the inertia of the wings 1s greater in yaw than in pitch

In mode A the tailplane has a nodal point at infinity and can

bo used to give information about wing flexure~ailoren flutter. The
mass placedgon the taiiplanc can then be assumed to give the dynamic

effect of the inboard cnd of the +ing, the enganes, or the fuel tanks,
In node B tne #ailpleme has a nodal point a little over two tailplone
mean chords ahead of the el evator hinge line ang can bc used to give

i nformation about rudger flutter

~The results can glse give sone qualitative information about wing
torsion-aileron flutter and fuselage torsion-rudder flutter

6 Conclusions

The effect of compressabality on the elevator flutter of the system
considered is small +hen the stick is free but 1z amportant wheanthe stick
is fixed. The flutter characteristics are then worse for conpressible
flow than for inconpressible flow

The results of unpublished cal culations on actual aireraf't confirm
the conclusions when the stick is free but show that wnen the stick is
fixed no general conclusions can be drowm.
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FIG. 2. MODE -A. TAILPLANE VERTICAL
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FIG. 3 & 4.
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FIG. 3. MODE B. TAILPLANE PITCH AND
VERTICAL TRANSLATION. STICK FREE,
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FIG. 4. MODE B. TAILPLANE PITCH AND
VERTICAL TRANSLATION. STICK FIXED.
ELEVATOR INERTIA DOUBLED.
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FIG.5. MODE A. TAILPLANE VERTICAL TRANSLATION. STICK FIXED.
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FIG. 6.
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FIG.6. MODE B. TAILPLANE PITCH AND
VERTICAL TRANSLATION. STICK FIXED.
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