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SUMMARY

Low speed longitudinal stability measurements are described on a delta-
wing aircraft model of aspect~ratic 29 and 4L0° leading-edge sweepback, with

shroud blowing over trailing-edge flaps and ailerons.

With blowing over the flap alone at a flap angle of 60° (aileron
undeflected), increases were obtained of 0+27 in trimmed C, et constant

incidence and of 0°18 in trimmed CLmax’ at the value of Cp (0:031) envisaged

for the projected aircraft. Corresponding reductions in landing and take=-off
speeds of about 10 knots could have been expected in practice. By distributing
the same total jet momentum to flap and aileron, with 30° ailercn mean droop,
further 1ift increases were obtained corresponding to additional reductions of

about 8 knots in aircraf't speeds.

The beneficial effect of the L.E. flap was large, amounting to 5° increase
of stalling angle and 0*3) increase in CLm with blowing over trailing-edge
. ax
flaps and ailerons.

The measured effects of blowing corrclated well with results of other
model tests involving similar wing-flap arrangements. In particuler, part-span
blown flaps were again found to produce large drag increments significantly
affecting the zircraf't minimum drag speed.

Replaces R.AE. Report No, Aero 2671 - 4.R.C. 24 502.
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1 INTRCDUCTION

A series of experimental investigations has been completed in the No.2
11% £t x 8% £t Wind Tunnel on the application of boundary layer control by
blowing for high 1ift to several specific aircraft configuraticns. These
comprised T.E. flap blowing tests on the De Havilland Sea VenomT, the
Vickers-3upcermarine Sc1mitar2, the Saunders-Roe P.177,_and subsequent tests on
a sweptback wing with blowing at the wing nose as well”.

The prescnt papcr discusses 1ift, drag, and pitching moment measurements
made on a half-model of the Saunders-Roe P.177, which was a proposed development
of the S.R.53 as a high-altitude intcrceptor with a mixed power plant
{Gyron Junlor/SceptreS. Some principal aerodynamic features were the 67 thick
cropped delta wing, of aspect ratio 2:29 and 40° leading-edge sweepback, with
leading-edge flaps and blowing over the trailing-edge flaps and ailerons,
combined with a high position for the tailplare.

A comparison ig i1ncluded between the estimated and the measured effects
of blowing.

2 MODEL DETAILS

A guarter-scale starboard-wing half model was mounted on the lower balance
of the R.A.E. No.2 1ﬁ% £t x 8% £4 Wind Tunnel (see Fig.1). The model, which was
constructed by Saunders~Roe, was of composite construction. The blowing ducts
and nozzles, and the mounting brackets were made of dural and mild steel; the
flap and the aileron from hydrolignum; the remainder of the wing, alsoc the
fuselage, from mahogany.

The wing was fitted (see Fig.Z) with 2 full-span tapered main duct
supplying the high-pressure air to the nozzles (see Fig.3a) in the wing shrouds
ahead of the flap and the aileron. The ejected air impinged tangentially on
the upper surfaces of the flap and aileron in a typical shroud-blowing
installation. It was possible to seal off parts of the nozile span to obtain
varying spanvise extents of blowing, or to simulate the effect of local
blockages due to flap and aileron support gear (see Fig.3b). The nozzle depth
was set by small 0+2 inch wide spacers at 1+5 inch intervals across the span.
The blowing coefficient was normally varied by changing the pressure ratio,
but sometimes by altering the test speed.

Principal details of the model geometry are given in Table 1. The wing,
of full aspect ratioc 2+29, had a cropped delta planform of taper ratio 2+87,
with a 6% thick R.A,E. 102 section streamwise. A mid-wing position was chosen,
with 3° wing-body angle and 5° anhedral. The flap and aileron angle ranges



tested were 0° to 80° and 0° to 50° respectively. The wing was equipped with
alternative leading-edge flaps, simulating settings of 0° and 30° (normal to
hinge=1line), and were split at mid semi~span to permit a part-span case to be
tested, Most of the tests were made with 30° full-span deflcction. Comparative
tests were also made with a small sharp leading-edge extension (see Fig.5).

Normally, a tip weapon was attached, since this was the proposed standard
aircraft condition (see Fig.2). Tests were made to find the effects of removing
this weapon, and of adding an underwing drop tank, an airbrake, and the main
undercerriage assembly (see Fig.h).

A half-tailplane without elevator was supported by a flat-plate fin,
the normal fin not being represented. A floreplane was also added to the
model for a few tests. Internal engine flow was not represented, the intake
and tail pipe being faired over.

Most of the tests werg made at 200 ft/sec, corresponding to a wing
Reynolds number of 4°0 x 1 (based on aerodynamic mean chord}.

3 TEST PROCEDURE

3.1 The effect of blowing air supply on balance zeros

The air supply feed to the model was similar to that adopted earlier for
the tests on the D.H. Sea Venom'. As previcusly, the zercs for blow-on runs
had to be taken with the correct static pressure conditions in the canvas sleeve
connecting the "live" model to "earth". The zero scatter was only slightly
reater than that which would have occurred normally with a conventional
%non-blowing) model on this balance.

A full description of the eir supply arrangement can be found in Ref.lL.

3.2 Definition and measurement of blowing momentum coefficient, and
range of values covered

The sectional momentum coefficient CL (= mvj/%-onzs'g}is defined in

terms of the mass flow rate m and the theoretical jet velocity vs assuming
isentropic expansion to free-stream static pressure. It may be calculated from
the pressure ratio PD/P0 and the cross-sectional area 5" of che nozzle:-
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or, alternatively, from the pressure ratio and the measured mass flow rate
n (1b/sec)

=
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The symbols and units ere defined in the list of symbols at the end of
the text. The momentum coefficient, C , based on gross wing area can be
derived from CL by writing H

To measure the momentum coeffiecient on the tunnel model, it was therefore
necessary either to know the pressure ratio and the throat area of the noz:zle
(assuming full flow in nozzleg, or else the pressure ratio and the mass flow
rate. Both methods were used, The sparwise distribution of total head at the
nozzle was measured for a prescribed static pressure at the orifice plate, the
latter being used during test runs to set the required mean pressure ratio at
the nozzle. The throat area at the nozzle was calculated from the net span of
the nozzle and the average depth, the latter being checked by feeler traverses.
The mass flow rate was measured by standard orifice plates in the supply lines.
The slternative methods agreed within 5%; values derived from actual mass flow
measurements, which were the smaller as expected, have been used throughout.

Typical spanwise variations in nozzle depth and total head, Pb, are shown

in Fig.6 for this model. The small variations found would not be expected to
have had any large adverse effects on the results,

The formulae given above show how the sectional momentum coefficient, C',
could be varied by altering one of three test variables, namely nozzle depth,
preasure ratio, or wind speed. It has been established clsewhere™ that the
momentum coefficient is the primary parsmeter determining the effects of blowing.
Usually, the momentum coefficient was varied by altering ihe pressure ratio.
However, to obtain the higher walues of the momentum ccefficient, a few tests
were made with the test speed reduced from 200 ft/sec to 140 ft/sec.

The principal range of conditions tested is summarised by the following
table, page Y.

On the aircraft, it was envisaged that C = 0°031 would be available.
This would be equivalent to C\n = 0-072, C&A = 0 (blowing over flap only) or
C' = C&A = 0-04 (blowing over both flap and aileron), at which two conditions

Hr
most of the present tests were therefore made. These are average values; the

local sectional momentum coefficient varied inversely with the looal wing chord
because the nozzle depth was constant across the span of each control (see
Section Le2).



Spanwise e ' . Flap Aileron
extent of TEStd “Hp Cay Cp Pi:iizze angle angle
blowing Spee B E
Blowing over 0 0 0 Usually 45° or | Usually O°
200 0+020 0 04009 | Up to 60° (Also 65° (Also 0° to 60°
the flap ft/sec 0+035 0 0-015 3:1 and 75° at with B = 60°,
0+051 0 0-022 Clp = 0-072) Gl = 0°072
only 0+072 0 0-031
140 0+101 0 o-0uy | Up to
ft/sec 0143 0 0+062 21
Blowing over 0 0 Usually 30° or 45°
200 0-018 | 0+018 | 0-013 | Up to 60° (Also 0°, 15°, 60°,
both the flap ft/sec 0-029 |0-029 | 0-021 3:1 with
0-04y | O-04, | 0031 Cip = Gl = 0-0kdy)

and the aileron




3.3 Corrections

2
Blockage corrections to % poUo have been calculated by Maskell's

treatment5,which allows for increased wake blockage when separations are
present. It was found to be no longer satisfactory to apply a constant
blockage correction, so a graduated allowance has been made as illustrated by
the following table of typical values.

1 - N l 2
Flap and % correction to 2 P°U°
aileron Low incidences | At stall | Above stall
Up %%
Up to
5% 10%
Down 2=l

The following conventional tunnel constraint corrections were subsequently
added:-

Aa

0+879 C
no tailplane -

AC

00153 ¢C_2
no tailplane

C
(Tailplane-on runs) Acm = =0+50 Ci "TID CL (nT in degrees).
no tailplane

b TEST RESULTS

Lo Scope

The main results, described in para 4.2, were designed to establish the
effects on the longitudinal static stability characteristics of varying both
the amounts end the spanwise extent of blowing, for various combinations of
flap and aileron angles, including the effect of local nozzle blockage to
represent typical flap and aileron support gear. For these tests, a standard
model configuration corresponding to take~off condition was adopted, with a
full-span leading=-edge deflection of 30° end a simulated weapon attached to
the wing tip.

- 10 -



The remaining sections deal with the effects of various modificaticns to
the standard configuration, a particular aim being to estsblish any interac-
tions between such modifications and the effectiveness of blowing., Firstly,
the effect of varying the leading-edge flap deflection is considered in
para 4.3. The effect of a small sharp extension to the wing leading edge is
examined in para 4.4. The effects of the tip weapon, a drop tank, an under—
carriage assembly and an airbralke are discussed in para 4.5. Lastly, the effect
of & foreplane in addition to the usual tailplane is considered in para 4.6.

4.2 The effect of blowingz over the flap and the aileron
Three séanwise extents of blowing were investigated (see Fig.3b):
(i) vlowing over the flap only (nozzle configuration A);
(11) blowing over both the flap and the aileron ( C);

(1ii) blowing over the aileron omly { J).
The majority of the tests were done with A or C.

It will be seen from Fig.3b that the nozzle depth was maintsined constant
over each control span, as was proposed for the alrcraft. Thus, the sectional
momentum coefficient varied inversely with the loecsl wing chord across the flap
and the aileron, increasing continuously from the inboard to the outboard end
of each control in the same sense as the local control chord/wing chord ratio.
The sectional momentum coefficient values quoted represent mean values egual
to the true secticnal values at mid-span of each control.

Most of these tests on the standard model configuration (see para 4.1)
were done without tailplane; ranges of tailplane settings sufficient to
establish the mean downwash at the tail and to permit estimation of the tail-
plane settings to trim were tested in a few principal cases.

4e2,1 Lift and stalling behaviour

Figs.7(a) and (b} show the effect of blowing over the flap only at flap
angles of 45° and 60°, with the aileron undeflected., Figs.7(c),(d), and (e)
show the effect of blowing over the flap alone and over both the flap and the
eileron, with a flap angle of 60° and aileron angles of 15°, 30°, and 45°
respectively.

The application of blowing substantially ircreased the 1ift coefficiant
at constant incidence, the most rapid rate of increase occurring at the lowew
values of the momentum coefficient, as might be expected. The lift-incidence
curve slope was practically unaffected by blowing, but the stalling incidence
was reduced by two or three degrees. Tuft observations showed the wing stall
to originate from flow separations at the knee of the deflected leading-edge
flap, which were aggravated by the increased loading when blowing was applied
to the trailing-edge controls. The stalling behavicur could presumebly have
been improved by applying B.L.C. to the knee of the L.E. flap.

- 11 =



In order to examine the effects orn 1ift in more detail, it is convenient
to consider the changes in the 1ift coeffacient at a constant incidence of +5°.
The variation of aCLF+B with the flap angle B is shown in Fig.8, where ACLF+B

is the increment produced by the flap and blowing, referred to the plain-wing
1lif't coefficient at the same incidence. ACLF+B increased with B, attaining a

flat-topped maximum at 60° for Cp = 0*031, where the lift increment due to

blowing was about 0+35. There was evidently no advantage to be gained in this
instance from larger flap angles as far as 1if't was concerned, moreover the flap
drag rose appreciably above B = 60° (see para 4.2.2).

The variation of the 1if't increment with momentum coefficient 1s shown in
Fig.9. Once attached flow was attained, further increases in momentum
coefficient produced less rapid increases in the 1if't increment (Fig-9a). The
value of the momentum coefficient needed for flow sttachment increased
noticeably as the flap angle was increased above 45°, with the nozzle located
in the wing shroud. Some reduction in the momentum coefficient requared for
attachment at the larger flap angles could probably have been achieved by
locating the nozzle on the nose of the flap.

At the same total momentum coefficient (Cu:=0-030expected to be available

on the projected aircraft, the 1if't increment could be increased appreciably by
drooping the aileron, especially when blowing was applied to both flap and
aileron (Fig.9b). This can be seen more clearly in Pig.10, which shows the
variations with aileron angle of both the flap + aileron 1lif't increment and

the aileron 1ift increment., With blowing over the flap only, a mean aileron
droop of 15° would be feasible whilst retaining adequate aileron power over a
dafferential range of *15°, By applying the same total rate to both flap and
aileron, an increase in mean aileron droop to 30° would be feasible, alilhough
with some reduclion in the contribution of the down aileron.

The variation of CLmax with momentum coefficient (Fig.11) is similar to
that of ACLF+A*B' However, the beneficial effect of blowing on chax was
smaller, since the stalling incidence (Fig.12) was rcducecd with T.E. blowing.
As has been suggestbed already, this could have been precluded by suitable
B.L.C. at the wing L.E.

Feasible combinations of flap and aileron angles, and blowing spans, are
compared in Fig.,13 at the lotal momentum coefficient (CH = 0+031) expected to

be available in an aircraft application. The flap angle has been limited to

60° and the mean aileron droop to 15° (no aileron blowing) and 30° (with aileron
blowing). Both no tailplane and trimmed 1ift curves are shown (using a typical
aircraft C.G. position at 0+308); the trimmed curve for a flap angle of 60
(aileron undeflected) without blowing is included for comparison.

The application of blowing at the rate expected to be availadle
(C = 0+031) over the flap only with aileron undeflected increased the trimmed

CL at 5° incidence from 054 to 081 and the trimmed CLmax from 1+21 to 1+39.
By drooping the aileron 30° with the same total jet momentum applied to both
flap and aileron, further increases were cobtained to 1+04 and 1-56 respectively.

- 12 -



To attain the projected serodynamic performance at take=-off, it was found
essential to prescribe the best available configuration. Therefore, most of
the remaining tests (pare 4.3 - para 4.6) were made at B = 60°, £ = 30°,

Chp = Chy = O-OUk (C“ = 0:031), although a few measurements were also made for

- o — © t = . ¥ - = . -
comparative purposes at B = 60°, E = 0°, CuF 0-072, C}, 0 (cp 0+031)

Comparison between measured and estimated flap lif't increments are made
in para 5.1. Predictions of the effect of blowing on stalling, iteke~off and
approach speeds are given in Appendix 1.

4.2.2 Drag

Figs.14(a)-(e) show the effect of blowing on the Cp v G curves for

various combinations of flap and aileron angles. The quoted drag coefficients
include any jet thrust which might have been recovered. Even so, at large
flap angles the drag coefficient at constant CL (below the sta115 increased

apprecisbly with CP unless the aileron was deflected. Large increases in lift-

dependent drag due to flap have been noted previously with part-span blown
fleps. The detailed effects of flap and aileron settings at constant CP are

shown in Figs.15 and 16. By partial deflection of the aileron, so that the
spanwise loading became more uniform and the discontinuity between the flep
and aileron was reduced, these drag penaelties could be reduced or even
eliminated altogether.

The drag curves for the projected aircraft blowing rate are shown in
Fig.17 (corresponding to the 1lift curves of Fig.13)., Two trimmed curves are
shown; at a given incidence, the changes of drag on trimming were appreciable.
The combination which was suggested from 1ift considerations as thet likely to
be most suitable on the aircraft at take-off (B = 60°, £ = 30°,

Clyp = CﬂA = 0+044) also tended to minimise the drag. Since this particular

combination would lead to a higher minimum drag speed (see Appendix 2), a larger
flap angle might be preferred for landing.

The measured effects of blowing on drag are compared with estimates in
para 5.2. The predicted effects on minimum drag and minimum drag speeds are
discussed in Appendix 2.

4.2.3 Fitching moments

The effect of blowing on pitching moments is illustrated by Figs.18 to 20.
Figs.18(a) to (e) show the effect of blowing on the C, v+ C, curves, referred

to the test C.G. position (0+367c) for various arrangements of trailing-edge
flap and alleron angles., As would be expected, the application of blowing
increased the nose-down pitching moment (as well as the 1ift) at constant
incidence, the variation with Cp being particularly rapid at the lower values

of the momentum coefficlent, when attached flow was being attained over the
flap. There was a small destabilising tendency resulting from blowing at high
incidences below the stall. Blowing increased the severity of the pitch-up at

-13



the stall, as the pitching-moment values above the stall tended to revert to
the values for the unblown condition. At a gaiven tail-setting, the tail-on
curves with and without blowing were less displaced than the corresponding no-
tail curves, as a result of the increased downwash at the tail. At low
incidences with flap blowing, the tailplane partially stalled at the more
negative tail-settings (see, for example, Fig.18(d)).

For the projected aircraft configuration, Fig.19 shows the effect of flap
angle, aileron angle, and spanwase extent of blowing, on the pitching-mnoment
curves at Cp = 0+031, DMNote, in particular, the large nose~down pitching-moment

coefficients which have to be trimmed out, and which result in considerable
tramming 11ft losses (see Fig.13).

Fig.20 sheus the variation of downwash at tail, and tail-setting to trim,
with S The downwash curves for flap angles of 45° and 60° with no blow are

ccincident within experimental accuracy; this is reasonable, since the 1ift
increments produced by the unblown flap at these angles were virtually the same.
Vhen blowing was applicd to the flap, with the aileron undeflected, the downwash

at constant a. was inereased and the value of %% also was increased, so that the

lengitudinal stability was decreased., With blowing over both deflected flap and
aileron, there was a further small increase 1n downwash at the tarl, but no
further loss of stability.

The tail-setting angles to trim in Fig.20 have been evaluated at a typical
aircraft C.G. position of 0+30c, for the symmetrical tail without tailplane flap.
For the blow-on curves at low wing incidences, the tail-settings to trin have
been estimated by extrapolation assuming a linear tail 1ift slope, as the tail-
plane had stalled in the mcdel tests. Fowever, on the full-scale aircraft, with
the tailplare flap deflected, it would prebsbly be just pessible to irim in the
werst case, that is, at low to moderate wing aincadences with blowing over
deflected flap and aileron.

The ralios of measured pitching momenl and 1ift increments at constant
incidence due to the trailing-cdge controls are compared with estimates in
para 5.3.

Le2.4 The effect of local nozzle blockage to represent flap and
aileron support gear

Normally, all tests were done with confizurations A,C, or J (sce Fig.}(bD,
the nozzle depth being set by a series of 0+2 inch vide spacers at 1+47 inch
pitch span.ise, occupying in all about 137 of the control span. To determine
the effect of local nozzle blockage produced by the support gear arrangement
lakely tc be used on the aircraft, some of these spacers were replaced by wider
spacers (0+5" to 1:2") for repeat tests at the same total momentum coefficient,
the pressure ratio being adjusted to compensate for changes in nozzle cross-
sectional area. Also, in one case (configuration G) all the small spacers were
removed and the gap set by the 6 BA rclaining screws alone, to ensure that the
usual spacers were not having any appreciable adverse effect.

-1 -



The effect of nozzle blockage on 1lift is shown in Figs.21(a)-(c) for
various flap and aileron combinations. Fig.21(c) shows that the performance
of the usual configuration, C, could be slightly improved by removing the
0+2 inch wide spacers (G), However, after due allowance has been made for the
difference in momentum coefficient, the improvement in CL was only about 0+01,

with a somewhat larger increase in CLmax' Thus, the usual test configurations

A,C, and J represented & good nozzle installation.

The 1ift losses which resulted from introcducing the wider spacers
(05 ~ 1+2 inches model-scale) were, however, appreciable and demonstrate the
desirability of avoiding such blockages. Tuft studies on the flap aft of a
1+2 inch spacer showed that a wedge of separation emanated from the unblown
portion of the span and spread outboards and inboards towards the trailing-edge
of the flep. On the other hand, no such wedge was detected behind the usual
0+2 inch wide spacer.

Configurations E,F,H, each having 2 inch span of wide spacers, behaved
much the same (Flg.21(c)5. So also did configurations, D,I, which each had
2+7 inch span of wide spacers. The 1ift losses, 0°12 and 0°16 respectively,
were in the same ratio. This suggests that the span of wide blockage may be a
useful parameter in determining the order of the lift loss which will occur.
In two cases, H and I, the nozzle depth was increased locally next to the wide

spacers to compensate for the local reduction in blowing rate but this clearly
had negligible remedial effect.

As seems reasongble, the 1lif't loss resulting from a given blockage was
larger at lower values of the momentum coefficient and increased with flap
angle (Fig.22(a)). The 1ift loss can easily be 205 to 30% of the increment
due to blowing with moderate blockages guite likely to be encountered in
practice without careful design.

4,3 The effect of the leading-edgze flap

The leading-edge flap was usually deflected 30° (normal to hinge line)
whenever the trailing-edge controls were deflected. However, some tests were
done with a range of leading-edge flap settings, both for the plain-wing case
and also with blowing over deflected trailing-edge flap and aileron.

The beneficial influence of deflecting the leading=-edge flap on maximum
1ift and stalling incidence (Fig.23(a)) is seen to have been very largoe®,
particularly when the trailing-edge controls were deflected; at low incidences,
the loss of 1ift at constant incidence which resulted from deflecting the
leading=-edge flap was scarcely noticeable., The stalling behaviour of the wing
with the leading-edge flap deflected could presumably have been improved still
further by applying slot blowing or distributed sucticn at the knee of the
leading-edge flap, as tuf't studies showed that the initial separations occcurred
at the knee of the flap.

*The leading-edge separations which occurred with the leading-edge flap
undeflected could have been reduced, with consequent improvements in CLmax

and stalling incidence, by applying some nose camber.
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Fig.23(b) shows the offect of the leading-edge flap on drag. At the
higher incidences, the drag at constant CL was larger with the flap undeflected,

as a result of the morz extensive separations. Even with the leading-edge flap

deflected, the CD ' CL curve remained linear only over a small incidence range,

because the tip stall started to spread inboard at comparatively low incidences.

Finally, Fig.23(c) shows the effect of the leading-edge flap on pitching
mcments; both tailplane=-off and tailplane~on curves are given for the plain-wing
case, but only the tailplane-off condition was tested with trailing-edge controls
deflected. The tailplane-on curves show that the pitch-up for the plain-wing
case was more severe when the leading-edge flap was deflected, but occurred at
a higher 1ift coefficient. With the trailing-edge controls deflected, there
was a pitch-up in all the no-tailplane curves; the pitch-up occurred at higher
11f't coefficients, and was somewhat more severe, when the leading-cdge flap was
deflected.

4.ty The effect of the sharp wing leading-edge extension

The effect of adding a symmetrical sharp 1°019% chord extension to the
basic wing section (RAE 102, 6% t/c along stream) is considered here., The
effect on 1ift is shown in Fig.24(a). With the leading~edge flap undeflected,
the sharp extension had negligible effect at moderate incidences, although
reducing CLmax by 0°06 and the stalling incidence by about 2 degrees. With the

leading-edge flap deflected 30°, the losses were even smaller, being about 0+02
and 1 degrec respectavely. This is reasonable, since the stall was then
determined more by conditions at the knee of the leading-edge flap, rather than
by the section shape at the wing leading edge.

Fig.24(b) shows the effect of the sharp extension on drag. Wiih both
leading-edge and trailing-edge controls undeflected, there was a drag penalty
which increased with CL’ being zero at gero CL. With the leading-edge flap

deflected, there was then a drag penalty at low incidences, particularly with
the trailing-edge controls undeflected {due to increased lower surface
separations from the sharpened leading edge). The penalty over the working CL

range was, however, gquite small. In particular, once blowing was applied to
the deflected trailing-edge controls, the drag changes due to the sharp extension
were negligible over the working range of CL

Pig.24(c) shows that the pitching-moment effects of sharpening the leading
edge were not large.

4eb The effects of the tip weapon, drop tark, main undercarriage assembly,
and airbrake

Usually, tests were made with the tip weapon attached, and with the drop
tank, main undercarriage assembly, and airbrake off, This was proposed as the
standard sircraft configuration just after take-off, which was expected to be
most critical.
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4,5.1 Tip weapon

When the tip weapon was removed, thc laf't incidence curve slope
(Fig.25(a)) was reduced by botween 7% and 11/, whilst the 1aft increment due
to the controls was reduced by sbout 4,.. The stalling incidence was increased,
however, and CLmax was virtually unaf'fected. An unexplained kink was intro-

duced into the lift curve for onc case (B = 60°, E = 30°%; C&F = CdA = 0+044).

The corresponding no-tailplane variations of Cy with Ci are shown in

Fig.25(h). The removal of the weapon did not affeat the drag at zero 1lift,
but did tend to ircrease the rate of growth with CL. With blowing over

deflected contrecls, the drag coefficient at constant CL was increascd

considerably. The observed variation in effective induced drag factcr weuld
correspond to a 12 reduction of effective aspect ratio and a 5 reduction an
lif't-curve slope, which agrees better with the cbscrved reduction in flap 1lift
inecrement than the observed effect on lift-curve slopes.

Removel of the tip weapon did nel produce very large changes in
longitudinal stability (Fig.25(c)), although there were noticeable kinks in
both the tailplane-on and tailplanc-off curves corresponding to the kink in
the 1if't curve already noted,

L.5.2 Main undercarriasge sssembly and airbrake

Adding the main undercarriagc assembly* caused small reductions in CL

at constant incidence and in CLmax (see Fig.26(a)) of the order 0-01 to 0-03;

addition of the airbrake resulted in further small reductions of the same
order. The corresponding drag increments at constant C,, were about 0°015 for

the undercarriage and 0:05 for the airbrake (see Fig.26(b)). Some changes in
nose up trim occurred, partioularlg on addition of the airbrake, but the
stability was unaltered (Fig.25(c)).

4.5.3 Drop tank

The effect of adding the drop tank was measurcd. It was also tested in ore
condition in conjunction with the main undercarriage assembly, in case there
was any interference between the two, but no interference was found.

Addition of the drop tank resulted in a reduction of CL at constant

incidence of about 0+OL both with and without blowing (sce Fig.27(a)). The
reduction in CLmax was somewhat larger, up tc C+*07. The drop tank was

normally set parallel to fuselage datum; increase of drop tank incidcnce by
3° to be parallel to the wing did not reduce the 1ift penalty of the drop
tank.

*Consisting of the main undercarriage and the front undercarriage door
(see Pig.h).
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Despite the noticeable effect on CL at constant incidence, the drag

curves with and without the drop tank were virtually coincident below the stall
(soe Fig.Z?(b)). Addition of the drop tank caused small trim changes and
tended to reduce the longitudinal stability at high 1ift coefficients.

Le6 The effect of a foreplane

Brief tests were made with a foreplane added (see Fig.4), both with and
without the tailplane, to try to rcduce the considerable trimming losses
(para %4.2.3). However, the practical results produced by the foreplane were
disappointing. Since the wing was not in the usual canard position at the rear
end of the fuselage, the foreplane arm was small and the downwash produced by
the foreplane on the inboard wing was comparatively large. Moreover, with a
tapered wing the overall effect tended to bec accentuated.

The foreplane thercefore failed to produce appreclable gains in 1ift on
traimming (Figs.QBEa; and 29(a)), although the pitching-moment curves
(Figs.28(c) and 29(c)) show that the required positive pitching~moment
increments were produced. In order to understand these results, it is
necessary to separate the 1ift increment of the foreplane (CLF) and the

interference wing 1if't (CLWF) due to the change of downwash created by the
foreplane (both»CLF and CLWF being referred to the gross wing area S). The 1lift

and pitching moment increments produced by the forceplanc can be written
approximately as:-

AC = CLp + Clyp
(de de\
ACm = \35;2 X CLF + (EE— b CLWF
‘Foreplane only wing only
ac

vhero experimental values of Eﬁm have been used and the value of
de wing only -
(EE:D has been taken as 1+29 (the distance in terms of ¢ of the

Foreplane only
mean quarter—chord point of the foreplane ahcad of the test C.G. position).
The results of the analysis are shown in Fig.30. The foreplane 1ift is a
function of (aw + nF), the f'orcplane incidence rclative to wind, and 1s almost

zero at a, t Np = 0. However, the interfcrence 1ift is of the same magnitude
as CLF’ and is negative at usable foreplane incidences, with a negative overall
1ift increment.

A correspording analysis of the result: of other tests where the foreplune arm
was 1+97¢, yielded similar results, but with reduced values of CLVF’ so that
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positive trimming 1ift increments could be obtained. Although the use of a
variable-incidence foreplane was not profitable in the present case, a
successful application might well be possible with such an arrangement.

5 COMPARISON BETWEEN THE ESTIMATED AND THE MEASURED EFFECTS OF BLOWING

. _ go
5.1 Comparison of values of ACLF+A+B at o, = 5

Direct theoretical estimates have been prepared, (based on Refs. 6-11)
as for the Vénom1, of the 1ift increments due to the blown flap (or alleronj,
using & modified Jet Flap method at values of CL above that necessary for

attaching the flow, and a conventional empirical method to estimate the
unblown 1ift; the portion of the curve for low values of C; being sketched

in accordance with the nearest experimental results available. Fig.31 shows
the comparison which results for blowing over the flap only, with aileron
undeflected, at flap angles of 45°, 60° and 75°. The agreement at 45° 13
reasonable, but the estimated additional 1:ft increments produced by further
increases of flap angle to 60° and 75° were not realised in practice. A
similar, but less pronounced,effect occurred on the Venom'; on the Supermarine
Scimitar?, the comparison resertled that in the present case, Thus, although a
reasonable estimate could be made of the order of 1lift increment to be expected
from a blown flap at moderate flap angles, sufficiently accurate for choosing

a control configuration for a particular project, the detailed effect of flap
angle changes, and the actual magnitude of the 1ift increment produced by the
blown flap could not be predicted reliably by this method.

Fig.32 shows a comparison between the estimated and the measured
aileron lift increments, ACLA+B’ both no blow and with blow. The agreement is

better here, since the angles involved are smaller, although the behaviour
above £ = 45° with B = 60° was not predicted.

An alternative scaling method is illustrated by Fig.33. Here, the lift
increments messured in other experiments with blown flaps, preferably on wings
of similar plenform, aspect ratio, and flap geometry, have been scaled by the
appropriate factor and the resulting curves used as estimates for the new
arrangement. To derive the appropriate factors, we may put, following Ref.11,

a C
; = 1 —L
Estimated ACLFlap-!»Blow = 5 X 15 x £(B) x (ddﬁ>cf x B (1)

—

c

For small values of CL ’

) (£
(%c;&)cx* ) (";( >0'2> <dd(;3L>°f @
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therefore at a given flap angle and value of C',
H

) )

ACLF+B o e 7—“ o 2\ (.3)

This formula applies equally well for an unblown flap., In eather case,
we can use the ratio of this product as a conversion factor at a prescribed
angle.

Fig.33 shows the result of apply1n$ such a factor, to the increments
measured in tests of the D.H. Sea Venom'end the Supermarine 801mitar2, to pro-
vide estimates for the present configuration. These test results have been
used to make estlnates for the case of blowing over lhe flap only at angles of
45°, 60°, and 75°, with the aileron undeflected (Fig. 33), The estimates arc
in reasonable agreement with the experimental results, and the effect of flap
angle is more accurately predicted than by thin aerofoil thecry.

In the full-span case, Fig.33(b), this scaling method was found_to be

equally successful for comparing subscquent tests of a sweptback w1ng§and the
present tests. The conversion factor used was the ratio of the terms

. ML n(Z
() i o]+ -], ]

for the two configurations.

5.2 Comparison of values of zcro-lift drag

Estimates have been made of zero~-1if't drag by conventional mecthods and
also incorporating an additional empirical corrcclion for blown flapsi12. These
estimates are compared in Figs.3?4,35 with experimental values of the nominal

zero-lif't drag cbtaincd by extrapolating the CD Ve Ci curves to zero CI.

Although' the conventional melhed gives rcasconable agreement for the
unblown flap (Fig. 54(&)), the drag of the bleown flap exceecds the estimate
(Fig.34(b)).- Such a discrepancy has been fourd in other tests with pari-span
blown flaps, and an empirical method is given in Rcf.12 which allows revised
estimates for ithe blown flap, whach are in better agreement with experiment.

Fig.35 shows the variatien of zero-l1ft drag with aileron angle, at a
flap angle o’ 60° with blowing over both controls. The unblown flap estimates
are again 1n good agreement with experiment. The ccnventional bloym flap

estimates are low, partacularly 2t £ = C° and 60°, and better agreement can be
obteined by including the additional empirical correction. For intermediary
aileron angles, whcre the discontinuity betwcen the flap and the aileron is
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smaller, there is less discrepancy btotween the conventional method and the
experimental results.

AC
5.3 Comparison of no-tail values of EFi) at a = 5°
\ F+A+B
AC
Values of (EEfD referred to the mean quarter-chord posiyticn are
F+A+B

given in the following table:-

i i . Mean quartegcchord
B E C&F CﬁA values of Eﬁﬁ\
+A+B .
45° 0° ! C to 0143 0 -C-L0
60° 0° 0 0 -0+36
0+020 -0+38
0+035 to 0+143 ~0+39
60° | 30° 0 0 -0 +38
0+018 0-018 -0+38
0+029 0029 =0+39
0-0LL 0«04l -0-39
60° | 45° 0 0 -0+39
0-018 0-018 -0+39
0+029 0+029 -0+40
0-0LL 0 -0 -0 40

As in the case of the Sea Venom1, the values tend to become more negatave

as the momentum coefficient is increased. Sstimates have been prepared,

making allowance for wing swcep, taper, and the spanwise extent of the flaps,

and also for the variation of ACLF+A+B with a,. For the unblown flap, using

Ref.11, the resulting estimate was about ~O+44. The estimate for the blown
flap, using Ref.8, was -0°+46.

The following table shows for comparison other experimental results’ 22+ 13

on blown flaps.
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| Volues of
a hean hange lire i /88
El distance aft of mean quarter | Blow k;EE
* chord position L/F+A+B
= off ~0+20
Dqu o a Venom I 0'725 0'520 01’1 i _8.§g
= off =0+
S.R-177 0'5).1.. 0.53(3 Dn "0'1‘-‘-0
= -0 6
Supermarine Scimitar 0-47 0+55¢c gﬁf _0.29
= off =042
N.P.L., Delta 037 0+60c on _0_25

L0
As expected, the value of (EEE increases substantially in magnitude as a
L/
decreases since ACL (but not ACn) depends on a1. The effect of rearward move-

1

ment of hinge-line position is also important. The usual effect of blowing is
AC

to make (EE%) more negative by about -0+03. Thus, when unblown plain flap

5C
values of (ﬁci) are available, the corresponding values with a2 blown flap can
be predicted wath reasonable accuracy.
6 CONCLUSIONS

Low speed longitudinal stability measurements have becn made on a delta~
wing aircraft model of aspeci-ratio 2+9 ond 40° leading-edge sweepback (5.R.AT77),
with shroud blowing over trailing-edge flaps and allerons.

¥ith blowing over the flap alore at a flap angle of 60° (with zileron
undeflected), increases were obtained of 0+27 in trimmed CL at constant

incidence and of 0°+18 in trammed CLmax’ at the velue of CH (0:031) envisaged

for the projected aircraft. Corresponding reductions in take-off and landing
speeds of about 10 knots could be expected in a typreal practical confipuration.

By distributing the same itotal et momentum to flap and aileron, with 30°

aileron mean<droop, further increases of 0+23 in trammed CL and 0+17 in {trimmed

CLmqy were obtzined, corresponding to additional reductions of about 8 knots in

aircraft speeds.
Large trim changes resulted from blowing, and the associated trymming

11f't losses vere appreciable. A trimming foreplane was tested fo try to reduce
thesc losses, but was unsuccessful becwse of the strong downwash produced at
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the wing with a conventional wang position and the short fereplane arm
feasible in the present case.

The beneficial effect of Lhe leading-edge flap was large, amourting to
5° increase of stallirg angle and 0+30 increase ir CLqu vilth blowing over

trailing-edge flaps and ailerons. With the L.E. flap deflected, ihe ving
stalled as o result of ithe inboard spread of separations from the flap Fnece,
ard sharpening of the nose was only [ound to have minor adverse effects,
Additional B.L.C. could have been applied at the knee of the deflected L.I.
flap to further improve the stallang ircadence and maximum 1ift,

The measured effects of blowvang correlated well vith the results of
other model tests anveolving similar virg-flap arrcngements. In particular,
part-span blown flaps were agalin found te produce iarge drog increments
signaficantly affecting the aizrcraf't minimum drag speed.

For completeness, predictions have teen included of the efleci ol tlowing
on stalling, take-off, and landing speeds, as well as on minimun drog speeds
and minimum drag, for the projgected aircraft confaguration,
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FOTATION
aspect ratio of wing
lift slope
local flap chord
local wing chord
standard mean chord
gerodynamic mean chord
drag coefficient (including any jet thrusti recovered)
1if't coefficient
maximum 1if't coeff icient
pitching-moment coefficient bascd on ﬁ, at test C.G. (o.3ﬁ7§)
11ft coefficient gencrated on the foreplane, bascd on ©

irterference 1lift cocfficient gencrated on wing, duc to
presence of the foreplane, based on 8

1lif't increment at constant incidence due to blo.sing, refcerred
to unblown~flap CL

1ift increment a2t constant incidence due to aileron + blow,

referred to CL with unblown and undeflacted axleron, aerd

constant flap angle ard blowing conditicn

lift increment at constant incidence due to flap + blow,
referred to plain-wing CL

1l1f't increment at constonl incidence due to flap + a2xlcron +
blow, rcferrcd to plain-wing CL

ratio of no-tail increments in Cm and CL at constant incidence,

referred to plain-wing C (Cm referred to mean-quarter-chord

L
position on wing)

W

momentum coefTicient based on gross waing area

eaf
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HOTATTON (Contd)

mean sectional momentum coefficient for flap

mean sectional momentum coefficient for aileron

9

theoretical flap effectiveness factor

predicted drag in 1b during normal approach at A.U.W.
of 17,000 1b

minimum value of D

theoretical reduction in flap effectiveness at large
flap angles10,11

mass flow rate (1b/sec)

mass flow rate to flap nozzle

mass flow rate to aileron nozzle
total head at nozzle (absolute)
tunnel static pressure (absolute)
wing area (projected)

blown wing area

blown wing erea spanned by flap
blown wing area spanned by aileron
blowing nozzle cross-scctional area
supply temperature, degrees absolute
tunnel speed {ft/sec)

jet velocity af'tor expansion to free stream static
pressure

- 27 -



MOTATION (Ccntd)

minimum drag speed (knots)

stalling speed (knots)

wing stalling incidence

wing incidence (degreecs)

flap angle

drag discrepancy

downwash angle (degrees)

foreplane setting relative to wing (degrees)

tail setting relative to wing (degrees)

control~chord ratio factor12

flap angle factor for unblown plain f‘lap12

part-span 1if't conversion factor12

aileron angle (degrees)

mainstream density

tunnel dynamic head, expressed in 1b/sq ft in the momentum
formuia






scale Reynolds number.

AFPENDIX 1

THE PREDICTED EFFECT OF BLOWING OVER THE FLAP AND THE ATLERON ON
STALLING, TAKE-OFF, AND LANDING SPEEDS OF THE SAUNDERS-ROE P.177

Stalling speeds have been predicted for the projected aircraft from the
trimmed values {C.G. at 0+30¢) of the meximum 1ift coefficient measured on the
tunnel model, without any allowance for possible increases in chax at full-

The standard model configuration (L.E. flsp defiected

30°, tip weapon on, drop tank, undercarriage assembly, and airbrake off) has
been used.

have been assumed~“". Take=-off and approach speeds based on 1°¢10 Vs (rocket-

Take-

ggf a

nd landing weights of 28,300 and 17,000 1b respectively

assisted take~off) and 1°25 V, respectively are given in the following tables:-

Take=-off (A.U.W, 28,300 1b)

Trimmed .
¥ c C Stalling speeds | Teke-off speed
B g HF HA # CLmax in knots in xnots
60° o° o] 0 0 1+21 145 160
60° 0° | 0-072 ¢ 0+031 1+39 135 149
60° |30° | 0-044 (004 [ 0+03 1+56 128 114
Approach {(A.U.W. 17,000 1b)
Trimmed
g E c! Cl C Stalling speeds | Approach speed
HF HA B CLmax in knots in knots
60° 0° 0 0 0 124 113 1414
60° 0° | 0-072 0 0+031 1+39 105 131
60° 130° | 0044 | 004 | 0°031 1456 99 124

reductions of about 8 knots should be possible.

The incorporation of blowing over the trailing-edge flap alone, without
deflecting the aileron, ought to reduce the take-off and approach speeds by

about 10 knots (relative to the unblown flap deflected 60°).
total blowing quentity applied over the flap and drooped aileron, further
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APPENDIX 2

THE PRIDICTTD EFFECT OF BLOWING ON MINIMUM
DRAG AND MINTMUM DRAG SPEED

Figs.36 and 37 show the variation of absolule drag (in 1b) wiih approach
speed, as predicted from the tunnel tests, at an A.U.W. of 17,000 1b, trimmed
for a C.G. at O+30c.

Fig.36 shows the effects of the weapon, the main undercarriage assembly,
and the airbrake, with blowing over deflected flap and aileron. Removal of the
weapon increased the drag coefficient at constant 1if't coefficient, increasing
minimum drag from 4710 to 5200 1b. The corresponding effects on valn and

v,
D
-—%Eg-were small, removal of the weapon increasing vain from 125 knots to
s
D=
128 knots, and correspondingly increasing the ratio ‘Jun from 1+26 to 1:28.
s
Addition of the main undercarriage assembly reduced vain from 125 to 123 knots,
Vp .
and reduced _;un from 1+26 to 1+23, whilst at the same time increasing Dmin
s
from 4710 to 5000 1b. On adding the airbrake as well as the undercarriage
D2
VDmin and §nn were further reduced to 119 knots and 1+18 respectively, whilst
5

D . was increased to 5860 1b.
min

Fig.37 shows the effects of blowing and aileron angle on the drag variation
with spced, with both the main undcrcarriage assembly and the airbralke on. At

B = 60°, with the ailercn undeflected, blowing over the flap reduced VDan from

vy,
133 to 110 knots and reduccd le“ from 1416 to 1+03, as a resull of il

5
additional drag term (see para 5.2), whilst the minimum drag was incrcased by
nearly 1000 1b from 5440 1b to 6360 1b. “When the aileron was deflecled, with
blewing over both flap and aileron, the additional drag was reduced, and the
behaviour was more like that of the unblown flap, wath VDmln = 119 knots,

Do
-T}“-'-EE = 1418, and a minimum drag of 5850 1b.
k]

On the aircraf't, ihe approach speed would be expected Lo lie between
1425 Vs and 1+33 Vs; thus, there would be no necessily to zpproach below the

manamum drag speed unless both the undercarriarge aud airvbrake were reiraciled.
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TABLE 1

Model data

All dimensions model scale (2th scale half-model, starboard wing only).

Wing (one wing only)

Area (projected) § 1019 sq f't
Semi-span (excluding weapon) b/2 3.42 £t
Standard mean chord © _ 2.97 't
Aercdynamic mean chord c _ 3:21 £t
c/c 0+925
Aspect ratio (full span) A 2+29
Section RAE 102
Position of maxamum thickness 0+356¢
Thickness-chord ratic 0+06
Centre-line projecled chord L2 £t
Tip chord 154 £t
Sweepback of quarter-chord line 32:%°
Sweepback of leading edge 402
Sweepback of trailing edge 0°
Taper ratio (centre-line chori/tip chord) 287
Anhedral 5°
Wing-fuselage angle 3°
Distance of mean quarter-chord point aft of L,E. apex 201 £t

Leading edge flap

Inboard limat (fraction semi-span) 019
Qutboard limit (fraction semi—span) 095
Control chord ratio {constant ratio across the 5pan) 013

Trailing edge flap

Inboard limit {fraction semi-span) 021
Qutboard limit (fraction semi-span) 0+61

Mean control chord ratio 017

Chord (constant across span) 057 f't
Area of wing spanned by flap S% LehB sq £t = 04375

Trailing edge aileron

Inboard limit (fraction semi-span) 0461
Outboard limit (fraction semi-span) 1+00

Mean control chord ratio Q21

Chord (constant across span) 045 't
Area of wing spanned by aileron SA 2+81 sq £t = 0+2768
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TABLE 1 (Contd)

Tailplane (half-tailplane only)

Area St 2+05 sq £t
Semi-span bﬂ/2 162 £t
Standard mean chord C; _ 1+28 f't
Aerodynamic mean chor Et 1:40 £t
Aspect ratio (full span) At 251
Section RAE 102 (modified)
Position of maximum thickness 0+343¢c
Thickness - chord ratio 0+06
Centre~line chord 195 £t
Tip chord 0+658 ft
Sweepback of quarter-chord line 32+3°
Sweepback of leading edge 40+1°
Sweepback of trailing edge 0°
Taper ratio 3:25
Anhedral 0°
Distance of mean quarter-chord point aft of L.E. apex 0+92 £t
Distance of hinge point aft of L.E., apex 100 %
Distance of hinge point above wing chord plans 228 £t
Distance of hinge point above fuselage datum 208 't
General
Overall length 12+625 £t
Fuselage nose to wing L.E. apex L25 f't
Wing L.E. apex to tailplane L.E. apex 645 f't

Test C.G. Position

Below centre-line wing chord 0«04 £t
Above fuselage datum 0+02 1'%
Af't of projected wing apex 2:39 £t
Aft of leading edge of S.M.C. 0+376¢c
Aft of leading edge of A.M.C. 03678
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FIG.36. THE EFFECTS OF THE MAIN UNDERCARRIAGE
ASSEMBLY,THE AIRBRAKE, AND THE WEAPON ON
DRAG + APPROACH SPEED.
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FIG.37. THE EFFECTS OF FLAP ANGLE,AILERON ANGLE,
AND BLOWING ON DRAG = APPROACH SPEED.




A, 1. (42) Ssundera=Roe P177 3

23.6B.3 ¢
33,6,013,412 ¢
LOW=-SPEED WIND-TUNNEL TESTS ON A DELTA-WING 533,694,722 @
AIRCRAFT MEL (S.R.177), WITH BLOWING OVER $3.6.011.34
THE TRAILING-EDGE FLAPS AND AILERONS,
Butler, S.F,J, and Quyett, M,B, JAugust, 1962,

Low speed lengituding] stabllity measurements are described on a
delta-wing alrcraft model of aspect-ratio 2,9 and 40P leading-edge
sweepback, with shroud blowing over treiling-edge tlaps and allerons,

With blowing over the flap alome at & flap angle of 50° {aileron
undeflected}, increases were obtalned of 0.27 in trimmed CL at constant

A I, (42) Saunders=Roe P177
B33.693,3 %
B3.6,013,412 ¢
LOW-SFEED WIND-TUNNEL TESTS ON A DELTA-WING 533,694.72 @
ATRCRAFT MODEL (8.R.177), WITH BLOWING OVER 533.6,011.34
THE TRAILING~EDGE FLAPS AND AILERONS,
Butler, S,F,J, and Cuyett, M,B,  August, 1962,

Low speed longitudinal stability measurements are described on a
delta-wing aircraft model of aspecteratlio 2.9 and 40° leading-edge
sweepback, with shroud blowing over tralling-edge flaps and allerons,

With blowing over the flap alone at a flap angle of 60° (afleron
undeflected), increases were cbtained of 0,27 In trimmed CL at constant

A1, (42) Baunders~Ree P1T77 &
DB1.6T33 ¢
533.6,013,L412 ¢
LOW-SPEED WIND-TUNNEL TESTS ON A DELTA-WING 533,650,712 ¢
ATRCRAFT MODEL (S.R.177), WITH BLOWING OVER  533,6,011.34
THE TFAILING-EDCGE FLAPS AND AILERQNS,
Butler, S.F.J., and Guyett, M,B, MAugust, 1962,

Lew speed longituvdinal stabllity measurements are described on &
delta-wing alrcraft model of aspect-ratlo 2,9 and 40° leading-edge
gweepback, with shroud blowing over trailing-edge flaps and ajlerons,

With blowing over the flap alone at a flap angle of 60° {alleron
undef lected), increases were obtalned of 0,27 Iin trimped C, at constant




incidence and of 0,18 in trimmed C , At the value of (:'_l {0.031)

envisaged for the projected alrcraft, Corresponding reductions in landing
and take-off speeds of about 10 knots could have been expected In
practice, By distributing the same total jet momentum to flap and
glleron, with 3¢° alleron mean droop, further lift increases were obtalned

correspending to addi{tional reductions of about 8 knots in aircraft
speeds,

The beneficlal effect of the L E., flap was large, amounting to 5°
Increase of stalling angle and 0,3 increase in with blowing over
tralling—edge flaps and allerona,

The measured effects of blowing correlated well with results of o“her
model tests involving similar wing-flap arrangements, In particular,
part-span blown flaps were again found to produce large drag increments
signiticantly affecting the alrcraft minimum drag speed,

incidence and of 0,18 In trimmed .
) C___, at the value of Cl-‘ {0.031)

envisaged for the projected alreraft, Corresponding reductions in landing
and take-oft speeds of abot 10 Mnots cculd have been expected in
prectice, By distributing the same total jet momentum to flap and
alleron, with 30° slleron mean droop, further 1ift increases were obtained
cerresponding to additional reductions of about 8 knots in alreraft

speeds,

The beneficial effect of the L,E, flsp was large, amounting to 5°
increase of stalling angle and 0,3 increase in G with blowing over
tralling~edge flaps and allerons,

The measured effects of blowing correlated well with results of other
model tests lnvolving similar wing-flap arrangements, In particular,
part-span blown flaps were agaln found to produce large drag increments
significantly affecting the alrcraft mintmm drag speed,

incidence and of 0,18 in trimmed ¢ at the value of C (0,0
o ’ o u (0,031)

envigaged for the projected alreraft, Corresponding reductions in landing
and take=off speeds of about 10 knots could have been expected in
practice, By distributing the same total jet momentum to flap and
aileron, with 30° aileron mean droop, further 11ft Increases were obtalned
corregponding to additional reductions of about 8 knots in alreraft
speeds,

The beneflicial effect of the L,E, flap was large, amounting to 59
increase of stalling angle and 0,3 Increase in ¢ with blowing over
tralling=-edge flaps and allerons,

The measured effects of blowing correlated wll with results of other
model tests Involving similar wing-flap arrangements, In particular,
part-span blown flaps were agsin found to produce large drag increments
gigniticantly affecting the aircraft minimm drag speed,
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