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SUMMARY

Measurements have been made <f the yaw-~damping derivative, n\If » O an
A.R.9 jet-flap ccmplete model, using the free~cscillation technique. The
experimental apparatus and procedure are fully described, with the excepticn
of the special air-bearing support system, which has been the subject of a
previcus Repcrt. Results are given of damping weasurements at wing
incidences of 0%, 10° and 20° with jet-flop ccntrel angles of OF and 30°
and a C“ range of O tc L.2. The effects of the wing, fip, tailplane and
fuselage were measured, and it was fcund that the latter gave a large and
unpredicted destabilising centribution, while damping due tc the fin was

smaller than the estimated value., Visual cbservations of the flow in the

‘jet wake shawed scme correlaticn with the measured effects.

Cemparisen of the measured damping for the ccmplete wing + fuselage
mrdel with that estimated for the wing alene, assuming a full-span jet sheet,
gave a deceptive measure of agreement, due mainly tc the unexpectedly large

fuselage ccntribution.

Replaces R.s.E. Technical Report No. 65021 - A.R.C. 27014



CONTENTS

E— Page
1 INTRODUCTICN 3
2 TEST ARRANGEMINT b
241 Moecdel details 4
2.2 Air-bearing assembly 5
3 EXPERIMENTAL METHOD 6
3.1 Application of the free-oscillation technique 6
3.2 Daily procedure 7
3.3 Wing-alone tests 8
3. Model behaviour and test accuracy 8
L TEST RESULTS 9
L1 Preliminary tests 9
4.2 Main series of tests 9
Le2.1 Scope of main tests 9
L.2.2 Basic wing + fuselage model 10
L.2,3 The effect of a dorsal fin and fuselage spoiler 1
L.2., The effect of the fuselage 1
L.2.5 General discussion 12
5 COMPARISON OF RESULTS WLITH ESTIMATES 13
5.1 Method of estimation 13
5.1.1 Estimation of (nr)W W,
5.1.2 Estimation of (n@)f 1l
5.2 Comparison between estimates and experimental results 15
6 CONCLUSIONS AND FURTHER WORK 16
Acknowledgments 16
Appendix A lieasurement of model oscillations 17
Appendix B Calculation of né from experimental results 19
Symbols 20
References 22

Illustrations ‘ Figures 1-22

Detachable abstract cards -



‘5

-

1 INTRODUCTION

In recent years, models of V/STOL aircraft employing various forms of
jet blowing to attain high 1ift have formed the subject of extensive wind-
tunnel tests, but this has included little werk on the measurement of dynamic
derivatives, The airflow characteristics can be entirely different from
those associated with more cenventional designs, with the possibility of
large amplitudes of oscillation and important interference effects between
the aircraft and asscciated engine jet efflux flows from the oscillating
aircraft. A programme of mcdel tests has started at R.A.B. to assess the
validity of the application of quasi-steady treatments for derivatiée
estimation on such configurations. An existing A.R.9 jet-flap complete model,
which had already undergone extensive (conventional non—cscillatory) tests?,
wes chosen for the initial cxperiments, largely because of the existence of
elaborate theoretical treatments® ‘
the model and the Hunting H126 rescarch aircraft made the results useful,

particularly for flight simulator studies, although the simplified fuselage

for jet flaps. Also, the similarity between

shape was not representative of the aircraft and the aircraft fuselage jets

were not simulated,

The cheoice of the yaw-damping derivative n& (rotation about a fixed

vertical axis) for measurement was influenced by various aerodynamic

e
of the term £n. in the lateral stability determinent, particularly as

considerations. The main cemponent of ny, namely n,, was important because
unexpectedly large values of & had already been encountered’, Moreover,

the corresponding static derivative, n,, had exhibited strong dependence on
the sweepback of the wing and jet, so that the effect of the jet sheet on the
fuselage and fin contribution could not be predicted, with any certainty,

for an oscillating model. Where feasible, the present dynamic measurements

have been compared with quasi-steady estimates.

The free-oscillation technique was adopted, not only because of its
inherent simplicity for the measurement of a single direct damping derivative
but alse becausc the aerodynamic damping effects could more reédily be

appreciated over a representative range of amplitudes. In fact, a direct

visual appreciation of the significance of the results was particularly valuable

in the prescnce of the observed non-linear amplitude-dependent effects.

Naturally, the rcquirements of a jet blowing model complicated the
experimental techniques for derivative measurement. The model was supported

by an air-bearing assemblyB, enclosed within the fuselage which incorporated
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the air connection for jet blowing, and was constrained by an arrangement of
wires and springs. The method is basically suitable for use with other V/STOL

wing-fuselage model arrangements,

The tests were made between February 1961 and April 1962, mainly in the
R.AB, No.2 11% ft x 8% ft wind-tunnel, with a Reynolds number, RS, of
0.32 x 10° at the principal test speed of 70 £t/sec.

2 TEST ARRANGEMENT

With use of the free-oscillation technique, the measured damping rates
necessarily included contributions from the whole system, including the
friction of the support bearings., If conventional mechanical bearings had been
used, their friction could have contributed damping comparable with the expected
aerodynamic damping. For this reason, and tc facilitate the introduction of
compressed air supplies for jet blowlng, an air-bearing support system was
adopted, having negligible Triction. As discussed in Ref.3?, a central bearing
arrangement enclosed within the confines of the fuselage was chosen, rather

than a much larger one built into the base of the strut carrying the model,

Principal details € the model and the air-bearing assembly are given in
Sections 2.1 and 2,2 respectively., The methed of recording the model motion
is discussed fully in Appendix A, which also contains details of electrical
devices used to provide automatic checks of the amplitude calibration and the

internal damping,

2.1 Model details

" The same wing, fin and tailplane were used as in the comprehensive steady
tests of the aspect-ratio 9 jet-flap model. The wing was set at 4° dihedral
with a wing-body angle of 5° and an unswept contrcl hinge line, The new
hollow fuselage, constructed from fibre~glass and epoxy resin, was half-an~inch

bigger all round than the original solid wood fuselage of Ref.q.

The complete model is showm in Fig.1, together with a representative
cross~secticn ¢f the wing, The latter, of composite construction, employed
a thick, highly cambered section (NACA 4).2)) to delay L.E. separations at
high 1ift coefficients, The jet sheet emerged from the blowing slot in a
direction parallel tc the wing cherd and impinged tangentially on the nose of
the small, round-nosed, control surface. As in the previous tests, the slot
width was tapered spanwise in propertion tc the local wing chord to ensure a
censtant secticnal momentum coefficient. Since internal airflow variations,

occurring as the model oscillated, affected the spanwise distribution of Jet

&
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efflux, a tube with regulating holes along its length had to be inserted into
cach wing duct (see Fig.1). The arca of the regulating holes was chosen to
give choked conditions at the higher jet pressures, Because of the inclin-
ation of the upper surface of the control to the chord line, the effective
jet-deflection angle (6) was some 200 more than the nominal control setting

(n). Control settings of 0° and 309, corresponding to jet angles of about
3

209 and 50°, were used in the present tests,

The wings were Jjoined together by a pair of plates sustaining the wing
roct bending moments end determining the wing dihedral setting (Fig.3). At
its root, each wing carried a vertical side plate mounted on a spigot
projecting from the outer body of the bearing, The spigets incorporated
concentric airfeed connections to the wing, with '0O' ring scals to avoid air
leaks. The wing incidence was preset by dowels joining mating hcles in the
sideplates and the bearing body. The central wing assembly also supported

the fuselage shell and the tailplane spar.

For the measurcment of wing damping in the absence of the fuselage*,
the fuselage shells and tailspar werc rcmoved and the bearing assembly was
enclosed by a stationary fairing (Fig.2). Slots were provided in the fairing
to enable the wing to oscillate over an amplitude range of %69, A plasticine
fillet was fixed to each wing at its rcet, affording a small clearance from the
fairing, so that the slots in the latter were not unceovered as the wing

oscillated.

2.2 Air-bearing assembly

The air-bearing assemb1y3, shown installed in the model in Fig. 3,
consisted essentially of an inncr component attached rigidly to the model
support strut and an outer component moving with the model. Vertical forces
due to the model‘weight'and 1ift werce supportcd by two annular air-bearing
surfaces 1ocafed in;ﬁhé drum-like lower part of the -assembly. Drag and
sidefcrce were supﬁéffed by two cylindrical bearings, ‘one forming the periphery
of the drum and the other, of smaiier’diameter, located at the tep of the
assembly ebove the wing blowing duct entries. Pitching and rclling moments
were sustained jointly by all four bearings. In crder te suppvort the maximum
loads estimated from steady measurcments, the hearing had to support a net
vertical force (dincluding model weight) of *150 1b and, si@ulfanecusly, a

combined drag and pitcHing moment load equivalent to a pitching moment of

*BExtension of thc jet sheet across the fuselage cut-cut was nct feasible with
an internal air-bearing arrangement.



650 1b in, By careful adjustment of the bearing gaps, this load-carrying
capacity was achieved” at the available supply pressure of 60 psig, with

negligible internal damping,

The bearing assembly was capable of transmitting 2 1b/sec of air at
L0 psig te the wings without any appreciable increase in its internal
damping end without any throttling of the flow over an angular range of *6°.
A transducer was provided to measurc the angle of rotation (W), in the form of
a twin-ganged linear capacitor housed in the top of the bearing assenbly.

3 EXPERIMENTAL METHOD

The use of the free-oscillation techniquc is usually straight-forward
and religble, provided that the friction of the bearing support is low (see
para.2.2 and Appendix A) and the restraining spring arrangement is satisfactory
(see pare.3.1). Considersble care was taken, with calibration checks included
in the normal running procedure {see para.3.2), and a special arrangement was
devised for some additicnal tests with the wing alone (see para.3.3). However,
not only were the observed aerodynamic damping effccts strongly dependent on
ampl itude, but also there was some lack of repcatability, with consequent

effects on the feasible test accuracy (see para.3.l).

3.1 Application of the frec-oscillation technigue

The medel support strut was bolted to a rigid structure bclow the tunnel
floor. Sorings werc attached tec vertical beams bolted to the tunnel structure
on either side of the werking section and connected by 2. SUG steel wires
to flexure hinges on the tail spar some 20 inches behind the pivot of the
model. The flexure hinges were fabricated from 0,006 inch shim soldered inte
end fittings. These {lexures, which were more flexible than those produced

by the normal methed of machining from the solid, were quick and easy to

manufacture, yet proved quite satisfactory in service. To prevent aerodynamically

excited wirc oscillations, the wires were screened from the mainstrcam air flow
over most of their length by 1 inch diamcter tubes (FPige6). A range of springs
enebled periods of oscillation of approximately 1, 2 and 5 seconds to be

obtained,

The moment of inertia, C, of the model was determined by measuring its
period of escillation, with and withot an additional mass on each wing tip,

the weights having a known increment of inertia. C Thus, if T, is the period

1? 1
of oscillation for model + weights and T is the corresponding valuc without

weights, then
= 0 T2/(12 - 12
C RAC T B
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For tests without fin, a lead weight was added to maintain the same’
total moment of incrtia, Because of space limitations, it was not readily
possible to compensate for the absence of the tailplane in the same way and
80 both the mement of inertia and period of cscillation were slightly

greater for the tests with a tailplane.

3,2 Daily procedure

Although the model was fitted with an automatic check of the yaw angle
calibration (see Appendix 4), a daily check of its accuracy was made. For
this purpose, a pointer was attached to a wing tip moving over a scale fixed
on a stand located by hcles drilled in the tunnel floor. After an initial
warming-up period, & trace of a few oscillations was taken to record the

o : . . .
37 triggering po:mts and the model was then held at scale positions of

0% + 3% and -3° in tum.

The wind-off damping due to the model and rig was determined from measure-

ments of the time teken for model oscillations to damp from an emplitude of
16° o £2,2° (g, to T /e).
The normal running procedure was as follows:-

(a) The blowing pressure corresponding to the desired value of Cl_1 was

set,

(b) The wind=tumel speed was set at the prescribed value, and the spring
attachment bolts were adjusted to remove any yaw on the model* due to asymmetric

thrust or aerodynamic moment

(e¢) With positive dampmg, the mecdel was menually forced by pulling
cyclically on one of the wire/spring junctions until the amplitude was greater
than 6%, when the model was carefully released and the recorder started**.
The run was continued until the oscillaticns had damped out ccompletely or had
reached & small, steady, residual amplitude (usuelly not more than £1°),

(d) For conditions of near-zero damping, representative traces were
obtained at several amplitudes.

*The effect of small asymmetries of thrust were quite considerable for the
model without fin with the weak springs fitted (T ='5 sec), and provided a
lower limit to the strength of springs that could be used. In fact, it would
have been preferable to increasc the moment of inertia, rather than reduce
the spring strength, in order to attain very low frequencies of oscillation,

*#The alternative method of pulling the model 6° to one side and releasing it
was found to cause unacceptable spring vibrations, which prevented accurate
trace measurements until an appreciably lower amplitude had been attained.



(e) 1In the presence of negative damping, the mcdel was released from rest

at zero yaw and the.ensuing motion observed within the available amplitude range.

Fach run was repeated at least once, depending on the type of motion.
Often, several repetitions were necessary because of aerodynamic difficulties

associated with the model behaviour (see Section 3.4).

3.3 Wing-alone tests

The measurement technique employed for wing-alone tests was identical,
except that the springs were attached much closer to the pivot axis and in
front of the wing. Thus, much greater spring strengths were required for the
same period of oscillation as before, and the minimum practicable periocd was

). seconds.

As described in para.2,1, the structurc at the centre of the model was
enclosed within a stationary container, with slots cut in it to allow for the
passage of the wires to the springs and to enable the wing to oscillate. As
these slots had to be as small as possible, they were made just big enough
to allow an amplitude of *6° although accurate trace measurements was Llimited
to a rather smaller amplitude. Due te lack of space, the automatic amplitude
calibration equipment was remeved, but the "bearing freedom" circuit was

retained (see Appendix A),

3.l Model behaviour and test accuracy

A cautiocus approach to the analysis and presentation of the results was
adopted, because of the amount of scatter and the general nature of the test
behaviour. Comparison of the results for different model configurations (e.g.
fin-on versus fin-off) showed that the basic accuracy was reasonable,
particularly when the aerodynamic damping was pronounced, However, in addition
to some lack of repeatability from one run to another, variations in demping
were cften encountered in a particular run (see Fig.7). Furthermore, the
damping rate clearly depended on amplitude. This feature was particularly
evident if the aerodynamic damping was low, when positive damping at large
amplitudes was accompanied by reduced, or even negative damping at the lower
amplitudes, A long-period disturbance was sometimes observed which, under
such conditions, led to a regular build-up and decay of amplitude. Precise
determination of the damping rate at a particular amplitude was then difficult

and variations between individual results were inevitable,

The frequency of the long-period disturbance suggested the possibility

of self-excitation due to small amplitude flow disturbances persisting around

A
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the tunnel return circuit. However, no evidence cf this was found from measure-
ments of yaw fluctuations ahead of the model., It was therefore concluded
that the non-linear.effects were associated directly with the flow around the

model, rather than the time history of the tunnel mainstream.

The values of ny were derived from trace records for a restricted
amplitude range of 6° to L9, where the effects of the non-linearities were
less ncticeable, In addition to the individual results, the overall distribution
of results has been indicated using shaded areas, as well as mean curves.
Despite reservations as to the accuracy of individual results, the trends of
the mean curves are well substantiated. Regarding extrapolation to full-scale
conditions, Reynclds nunber effects seem likely, particularly in view of the

importance cf the fuselage contributioen.

L TEST RESULTS

L1 Preliminary tests

The first scries of tests, in the R.A.E. No.1 11% £t x 8% ft wind~tunnel
was exploratory in nature. Scme very high valucs of damping were measured,
which were later attributed to overloading of the air-bearing; as a consequence,
the electrical indication of bearing friction mentioned in Appendix A was
incorporated. Little effect was found on changiﬁg the quality of the tunnel
airstream, by removing the tunnel honcycomb which was present for mest of these
initial tests (Fig.8a). However, it was decided that the No.2 113 £t x 8% £t
wind-tunnel, which has a lower turbulence level and longér return circuit,
should be used for the rcmaining tests, The oeéond test series was curtailed
by equipment faults, with llttle time for actual measurcments., However, the
effect of the main parameters was explored and it vas confirmed that the more
cxtreme damping rates measured in the first tests were erroneous, The results
of these preliminary tosts, in gent¥al, ‘were confirmed- (see P'ig.8) by the

main series”of-tééﬁé;diéeuésed'in'the-next section.

Le2 M&In uerles cf tests o .

x("" s

Ceony - .
i . Foees o . [
' TR H ‘t

Le2.1 Scope—of main £estSem r —cani coram oo . L

A range of blowing pressures was used in the main tests, whlch covered

Cu—ranges of O to 4 2 0 to 2 1 ang O to 0. 1.5 at tunnel sPeuds of )O 70 and

1,0 ft/sec resnectlvely. Partlcularly at thelh;ghcst”spegd,.the Cp-rangg was

L

limited at times by deterloratlon in the load céﬁacity of the air-bearing. PFor
most of the tests, & period of oscillation, T, of 2 seconds was cmployed, with

variation between 1 and 5 scconds in specific cases, As explained in para.3.2
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and para. 3.k, the values of nﬁ have been derived for an amplitude range of 69 to
)_'_0

With the basic wing-fuselage model®, tests were made at &, = 0°, 10° and
20° for control angles of 0° and 309, both with and without the fin; the effect
of adding the tailplane to the fin was also determined (see Section 4.2.2.).

Some edditicnal tests, at o = 0°, with a dorsal fin and with a fuselage spoiler

are described in Section 4.2, 3.

Tests of the wing alone (see Section A.Z.A), with the usual control angles
of 0° and 300, were limited to o, = 0°. As the maximum practicable time period
was ) seconds (see Section 3.3), the required C“ range was cbtained with the
prescribed frequency parameter range by using an additicnal test speed of
30 ft/sec.

Some visual studies of the flow field through which the fuselage and fin
moved were also attempted, together with scme measurements of the static

pressure veriations on the side of the fuselage and the fin (see Section 4.2.5).

Le2.2 Basic wing + fuselage model

The influence of the freguency parameter, w(= ﬂb/TVo), on the variation

of n@ with C for Vo = 70 ft/sec, is shown in Fige9. 1In view of the comparative

v
insensitivity to this parameter™:, the systematic tests (see Figs.10-12) were

made at Tnom = 2 seconds, with variation of Cp

The wing Reynolds number, although low, had nc apparent effect over the range
tested (0.23 x 106 to 0.6, x 10°).

by jet pressure ratio and Vo'

Form =0° (6 = 209), n& did not vary appreciably with C“ but tended to
become more negative (increased damping) on increase of wing incidence (Figs.10a,
11a and 12a). The fin contribution to n@ at m = 02 decreased gradually with

increase in C“ but was not sensitive to @, (see Scction 5,2 and Tigs,13, and 21a).

For m = 30° (6 = 50°), however, the variations of nj with Oy were more
complicated (Figs.10b, 11b and 12b). As Cy was increased from zero to the value
for attachment of abcut 0.1, there was a Sharp decrease in the damping rate as

*Unless ctherwise stated, it should be assumed that the text and figures refer to
this configuration.

““Por jet-blowing models, it is arguable that the frequency parameter should be
based on VJ rather than Vg; in the present case, it is clear that the alterna-
tive parameter is also of nc great significance.
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the flow over the flaps became fully attached. With further increase in C“,
there was a gradual increase in damping except at C“ «~ 2, where there was a
further sudden decrease, particularly when & = 10°,  The fin contribution for
N = 30° was generally much smaller than at m = 09, and became negligible at

%, = 209 (see Pigs.13 and 21b).

Some increase in the magnitude of the fin contribution would be expected
on addition of the tailplane, as a result of increased fin effectiveness.
However, some tests of the effect of the tailplane® did not show a consistent

effect on the fin contribution to n& except, possibly, at C, =0 (see Fig.13)-

v
Le2.3 The effect'of a dorsal fin and a fuselage spoiler

Often the trace records showed a well-defined superimposed long-period
disturbence (see Section 3.4). A similar-tendency for cyclic variations of
damping rate was found in previous cscillatory tests on a model of the
Meteor IIIA, corresponding to "snaking" of the aircraft. In that case, it was
found that a "rope" spoiler arcund the nose of the model effectively eliminated
such behaviour. A similar device fitted to the present model had no significant
effect on the linearify of demping although increasing the damping rate slightly
at low values of C, (Fig. 1)

A dorsal fin, as fitted te the Hunting H126 aircraft, was found to cause
a slight reduction in damping (Fig.1l), which can be compared with the

destabilising effect of the fuselage itself (see next section).

4.2, The effect of the fuselage

As a result of the tests of the basic wing + fuselage model, it was decided
to attempt tests of the wing alone, It was, of course, appreciated that the
test arrangement was far from ideal, not only because of the necessity for a
stationary fairing, but also because of the part-spanhnaturé of the jet efflux.
With the wing alone, there was considérable scatéer‘at the higher Cp-values
(see ¥ig.15), apparently due to the overall changes in damping rate rather than

non-linearity, as encountered with the basic wing + fuselage model, Althcugh

_there was possibly some evidence that a decrease in the damping rate still

= e - - e

accempenied flowcattaghﬁéﬁ£ pver the controls af N = 309, there was-no-sign
of the second decrease,atlc

M o, 2. observed ét this control angle in the presence
of the fuselages ' .

r

Comparison between the resulfs of the:basic: tests.and the wing-alone
tests (Pig.16) shows not only that the fuselage contribution was destabilising,
= O,

Fht tailplene settings chesen to give CL
tail
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but also that it was comparable with the stabilising fin contribution (Figs.21
and 22),

he2.5 General discussion

Conventiocnal estimates of the fuselage damping contribution, based on
fuselage side area considerations, predict a small, stabilising contribution
in contrast to that measured in the present experiments, Further, the present
results for C, = 2 with m = 3009, %, = 0% and 10°, strongly suggested abrupt
flow changes in the airflow around the basic model, The previous static
stability tests had shown rather similar effects on n,, when the wing sweepback
was increased by 109 so that the jet sheet and trailing-vortex system were in
close proximity to the sides of the fuselage. In order to obtain further
understanding of the nature of the interaction for the oscillating model, the
behaviour of the trailing vortices originating in the wing root junction was
studied by trailing streamers, carrying small plastic discs at frequent

intervals, and surface tufts were attached to the rear fuselage.

At m = 30% « = 0°, the inboard vortices stayed along wind at low values
of Cu, but oscillated with the model at C“-values above 1,0, with a fairly
abrupt transition, At m = 30°, o« = 10°, the flow change occurred at C, = 1.7
but was less clearly dcfined. On the other hand, with m = 09, the vortices
oscillated with the model throughout the Cp-range.

The fuselage tuf'ts showed areas of flow separation* and downwash changes
on the rear fuselage which varied in extent as the model oscillated, Generally,
the area of separation on the "leeward" side was greater, At Cp = 0, marked
downwash changes occurred on the fuselage sides during oscillation, asscciated

with the relative movements of the wing-root vortices.

The strength of the wing-root vortices, as well as the tip vortices, is
much increased at the high CL-values associated with a jet flap wing. Moreover,
calculations by Thomas? show that the distance behind the wing, 4, at which
the rolling-up of the Jjet sheet is essentially complete, is given by

*Po ascertain whether such separations were primarily due to the wing and jet,
or to strut interference, the fusclage was mounted separately on wire, with
a simulated dummy strut. The effects of the strut were shown to be limited
to the area of the fuselage immediately behind it, thus confirming that the
major separated areas on the fuselage werc due to wing and jet wake effects.
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e . %%— (vhere K* is a constant depending
b L on the planform)

= 0.,28A

CL

for elliptic loading

Thus, as the 1ift coefficient is increased, the rolling-up process is
completed more rapidly and strong vortices in the neighbourhood of the rear
fuselage must be expected. The damping contribution from the fuselage and fin
might reasonably be expected to depend greatly on the relative strength,

orientation and stability of these vortices.

To assist further understanding, the variation in static pressure
differential between points on either side of the rear fuselage was measured
by a capacitive pressure transducer, connected to the trace recorder to allow
direct correlation with the angle of yaw, Although surface pressure variations
were confirmed, it was not found possible to obtain regular curves with cyclic
variations suitable for quantitative analysis. Similar measurements at the
maximum thickness position of the fin were more successful and showed
sinuscidal variaticns, with a phase relationship of the correct sign. However
the magnitude of the phase difference was rather large in comparison with the
measured fin-damping contribution. Soﬁe form of integration of the cut~of-phase
static pressure compenent would seem necessary to achieve a reasonably accurate

correlation.,

5 COMPARISON OF RESULTS WITH ESTIMATES

5.1 HMethod of estimation

The derivative, n&, measured by oscillating a model about a fixed, vertical

wind axis, is made up of two commonents,

n‘I’ = nr-— l'l\‘r (1)
where n,, is the yawing moment due to rate of yaw (n, = ac_/a(rb/2V )) and ng
is the yawing moment due to acceleration in sideslip (né = asn/a(éb/zvo)),
n,. is composed of contributions frem the wing, fuselage end fin, while ny is

r

largely due to the fin only. In practice, the fuselage contribution to n, is

generally ignored as being negligible, even though an empirical analysis by,
Pinsker? has shown that the fuselage contribution is of'ten comparable to that
of the fin. Unfortunately, this method predicts a negative contribution to

n , and did nct seem applicable to this particular aerodynamic configuration,

r’
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Hence, the estimated value of n& was derived ignering the f‘usel;ge

contribution to n_ i.e.,

ny = (nr)w+ ((ﬂr)f‘ - (n{,)f) = (nr)

5.1.1 Zstimation of (nr)w

+ (n\lr)f . (2)

w

The contribution (nr)w has been calculated using the methed of Thomas and
RC'382 for a jet flap wing. This assumes a full-span jet shect, uninterrupted by
a fuselage, and is based on quasi-steady flow conditions with straight, and not

curved, trailing vertices. Then (nr)W is given by the relatieon

(nr)w = (nr)i + (nr)o s (3)
where the induced drag contributicn,
—2 . 2
3Cr
(nr)i = _'E§£f L - A - } ﬂ§1 +232C“/93A) 3
i +211 (R& + }12+2“P1)
r 3C
. e 2y _ 20 . Teo |
TR b+ O By + 2O By 2 Creo Y &) 7 )
and the profile drag centributicn,
(n), = =Cp /b - (5)

5.1.2 Estimaticn of (nﬁ)f

The effective flow dircction at the fin in sideslip may be regarded as the
sum of the compcnents due to the sidewasl, the rate of change of sidcwash with

time, and steady rate of yaw.

Then

Bepe = B + (30/8)6 - (30/0B) (3B/ot)t - v £4,/V . (8)

where T is the time lag arising from the distence between the wing and fin,
and 50 may be approximated by T = &f/Vo.

The yawing mcment due to the fin is

1.2,
N, o= 1
g 2pvosfef(a1)f Bers

and the yawing moment coefficient, (On) g 18
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(C)g = Ne/lpvise
= (8,/8) (L/b) (a)p Bpp o (7
The associated derivatives may be obtained by partial differentiation
(n)p = a(C )e/3B = (Sf(s) (&/b) (a,)p (1 + 30/38) (8)
(n ). = ac))p/a(xt/2v) = - 28/8) (£4/0)% (ay), (9)
(ng)p = 3(C,)e/2(W/2V)) = 9(C,_)./3(Bb/2)

- 2(8¢/5) (&,/%)2 (a,), (35/08) (10)
and

(n)p = (n - m), (11)

On eliminating (d¢/38) in terms of (nv>1“’ which may be obtained from wind-

tunnel measurements, the expression for (nir) ¢ Teduces to

(ng)e = ~b(Se/8) (&/0)° (a))y + 2(n), (g/0) . (12)

5,2 Comparison between estimates and experimental results

The estimated value of n‘} for the complete medel, beth with and without
the fin, is compered with the distribution of measured velues for the basic
wing + fuselage model in Figs.17-19. The results without the fin are
sumnarised in Fig.20, including measurements on the isolated wing, In these
comparisons, it must be remenbered that the theory does not make any allowance
for the discontinuous jet sheet or the fuselage. Nevertheless, there is some

measure of broad agreement, with the exception cf the case m = 300, = 109,

a
Cp > 2. However, in view of the apparent size of the fuselage contri“gution
(see Section Le2,)), such agreement between the estimates and the basic (wing
+ fuselage) medel would appear to be quite fortuitous, As an alternative, a
comparison may be made with the wing-alone rcsults (Fig.20). In this case,
the agreement is tolerasble only at high Cp-values and M = 300, But the theoxry
is not neccssarily invalidated, in view of tho presence of a central feiring

and the discontinucus nature of the jct shect.

To allow a reliable comparison with the present theory, there appears to
be ne alternative te further tests on the wing-alane modified to provide a
full-span jet sheet. Obviously, an extension to the thecry, to allow for
the effect of a part-span jet sheet and a fuselage, is desirable to facilitate

estimates for practical aircraft configurations.
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The need for further theoretical treatments is confirmed by the
comparison between measured and estimated fin contributions (see FPig.21).
Although fair agreement was obtained at n = 0°, the measured contributions

atn = 300 were much smaller than the estimates.

In view of the size of the fuselage contribution and the nature of the
jet sheet-fuselage interactions, some care is advisable when considering
applications of the present results to the Hunting H126 jet flap research
aircraft, which has fuselage side jets as well as a rather different fuselage
shape. There is, of course, the additional possibility of significant Reynolds
number effects. In view of the probable sensitivity to aircraft layout, the
likely accuracy of present theoretical treatments far the fuselage and fin
contributions seems to be rather limited, and some recourse to experiment is

needed at this stage.
6 CONCLUSIONS

Measurements of the damping derivative in yaw, nﬂ,, have been made on a
jet-flap wing-fuselage model by the free~oscillation technique, using an
internal air-bearing support arrangement. Damping characteristics were
measured at wing incidences of Oo, 10° and 200 with jet-flap control angles
of o° and 300 and a C -range of O to 4.2. The effects of the wing, fin tail-
plane and fuselage wei‘ie obtained, and it was found that the latter gave a
large and unpredicted destabilising contribution, while damping due to the fin
was smaller than the estimated value. The aerodynamic damping effects were
strongly dependent on amplitude, with some lack of repeatability.
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Appendix A
MEASUREMENT OF MODEL OSCILLATIONS

The signal from an F.M. oscillatér, modulated by the capacitance
variations of the yaw transducer, was amplified and then fed into a discrimina-
tor, The voltage output was directly proportional to the change in
capacitance of the transducer from its mean pecsition, and hence varied
linearly with the angular displacement of the model. The output was applied
to one channel of an ultra-violet trace recorder (Fig.h).

Although the equipment generally maintained its calibration, on one
occasian in early tests the calibration suddenly changed and then reverted
to its original value, Subsequently, a second channel on the trace recorder
was used to provide a combined check of cheanges in instrument calibration and
internal friction. Fig.) shows the arrangement of circuit components and
Fig.3 illustrates the installation of the calibration equipment in the model.,
Bearing overload was detected by measuring the electrical resistance between
the moving and static components of the bearing. This resistance, which was
virtually infinite when the bearing was floating freely, fell to a very low
value whenever metallic contact occurred. The bearing resistance was recorded
by the second channel in the trace recorder through a resistance (R1)
from a 1,5V battery, which deflected the trace from its "zero" position at
A (Fig.5) to B, The bearing was ccnnected across the recorder input so that
contact between the bearing surfaces short-circuited the recorder galvanometer,
causing the trace to return to A. A continucus record was thus provided of

the state of freedom of the bearing.

Automatic celibraticn checks were effected by recording the instant
at which the model passed through points nominally at 30 yaw, T'ig.3 shows
the two sensing units, each of which consisted of a metal block containing a 12V
bulb and a photo-transistor connected by a 1/16 inch diemeter hole. The units
were spaced at *3° to the horizontal axis on a plate fixed to the stationary
part of the bearing, with a shutter, which had a narrow vertical aperture at
its centre, attached to the moving component (sce Figs.3 and L)e As the
model oscillated through a half cycle, the appropriate photo-transistor provided
two current pulses as the aperture passed first one way, and then the other,
through the 3° point. To eliminate the second pulse of each pair, the outputs
from the two photo-transistors were amplified and connected to the inputs of
a bistable circuit contrelling a relay, RL' From each positive excursion of

¥ through +3° to each negative excursion through -39, the relay switched a high
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resistance intc the electrical circuit between the bearing faces, causing a
step in the "bearing-freedom" trace (e.g., B to C, Pig.5). Thus the time
instants at which the trace steps occurred correspended to the passage of the
model through £3° yaw,



Avnvendix B . .

CALCULATION Q' né TFROM EXPERIMENTAL RESULTS

With a freely-pivcted model censtrained by springs and executing an

exprmmentially-damped harmenic mcticn, then
- We) = ¥ MY Foos (one/n)

With the peak amplitude envelope defined by

Wty = e/

so that

’\Tu:', = 20 a{1eg W(t)/2t .
In nen-dimensional form,

. ve /f . - 2

ny = I\v./( 1/@v0.4b) .
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LOW=SPEED WIND-TUNNEL MEASUREMENTS OF DAMPING IN YAW 523469, 6
(n&) ON AN ASPECT RATIO 9 JET-#LAP COMPLETE MOLEL
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Measurements have been made of the yaw-damping derivative, s ON an A.R.9
jet~flap complete model, using the free-oscillation technique, The
experimental apparatus and procedure is fully describedy with the exception
of the special air-bearing support system, which has been the subject of a
previous Report, Results are given of damping measurements at wing
incidences of 00, 160 and 200 with jet=flap control angles of 00 and 300
and a Cy, range of O to L,2. The effeots of the wing, fin, tailplane and
fuselage were measured, and it was found that the latter gave a large and
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Measurementg have been made of the yaw-damping derivative, nf, on an A.R.9
Jet=flap complete model, using the free-oscillation technique, The
erperimental apparatus and procedure 1s fully described, with the exception
of the speclal air-bearing support system, which has been the subject of a
previous Report, Results are given of damping measurements at wing
incidences of 00 , 100 and 200 with jet=flap control angles of 00 and 300
and a C,, range of O to 4.2, The effects of the wing, fin, tailplane and
tuselage were measured, and it was found that the latter gave a large and
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Measurements have been made of the yaw-damping derivatlive, n*, on an A.R.9
jet=flap complete model, using the free-oscillation technique, The
experimental apparatus and procedure is fully described, with the exception
of the speclal air-bearing support systemy which has been the subject of a
previous Report, Results are given of damping measurements at wing
incidences of 00 , 10° and 20¢ with jet-flap control angles of 00 and 30°
and a C, range of O tc L,2, The effects of the wing, fin, tailplane and
fuselage were measured, and it wes found that the latter gave a large and
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unpredicted destabilising contribution, while damping due to ths fin was
smaller than the estimated value, Visual observations of the flow in the
jet wake showed some correlation with the measured effects,

Corzarison of the measured damping for the complete wing + fuselage model
with that estimated for the wing-alone, assuming a full-span Jet sheet, gave
a deceptive measure of agreement, due mainly to the unexpectedly large
fuselage contribution,

unpredicted destabilising contribution, while damping due to the fin was
sraller than the estimated value, Visual observations of the flow in the
jet wake showed some correlation with the measured effects,

Comparison of the measured damping for the complete wing + fuselage model
with that estimated for the wing-alone, assuming a full-span Jet sheet, gave
a deceptive measure (f agreement, due mainly to the unexpectedly large
fuselage contribution, ’

unpredicted destabilising contribution, while damping due to the fin was
smaller than the estimated value, Visual observations of the flow in the
Jet wake showed some correlation with the peasured effects,

Comparison of the measured damping for the ccmplete wing + fuselage model
with that estimated for the wing-alone, assuming a full-span jet sheet, gave
a deceptive measure of agreement, due mainly to the unexpectedly large
fuselage contribution,
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