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Pressure-plotting measurements have been made over the inboard panel
of a 55O swept flat-plate I=-wing of aspect ratio 5.0 fitted with constant-
chord nose-flaps.

The effect of drooped nose-flaps on the pressure distribution over the
inboard panel of the I-wing has been found at three overall lift-coefficients
of 0.230, 0.514 and 0.718.

Analysis hes shown that the loss of svability (pitchnup) which occurs
on the !-wing above a 1ift coefficient of 0.4 can be ascribed to a loss of
1ift in the neighbourhood of the wing root, and the action of nose-flaps in

eliminating this pitch~-un has been explained.

i . i s AP

Previously issued as R.A.E. Tech. Note No., Zero 2689 — A.R.C.22,504.



&

LIST OF CONTEITS

1 INTRODUCTION

2 DETATLS OF HCDEL

3 DETAILS OF TESTS AND ANALYSIS
L TYFE OF FLOW

4.1 Tlow pattern on clean wing
4,2 Effect of nose-flap droop

5 CHORDWISE PRESSURE AMD LOAD DISTRIEZUTIONS

5,1 Effect of nose-flap droop: m = 0.25, EL = 0.514

5.2 Variation with 1lift coefficient: = = 0.25
5,3 Isobars and loadings on inner panel

6 SPANYISE DISTRIBUTION OF LIFT COEFFICIENT
7 SPATHISE LOAD DISTRIBUTION
8 PITCHING MOWENT CHARACTERISTICS

8.1 Pitching moment of clean wing
8.2 Effect of nose-flap droop

9 COMENT ON RESULTS
10 CONCLUSIONS
LIST OF SYMBOLS

LIST CF REFERENCES

TABLES 1 AND 2
TLLUSTRATIONS - Figs.1-26

DETACHABLE ABSTRACT CARDS

LIST OF TABLES

Table
1 - Dimensions of M-wing model
2 - Geometry of M-wing planform

LIST OF ILLUSTRATIONS

G. A, of model with nose-flaps

Surface flow patterns on inner panel of M-wing, with and without

drooped nose-{laps, CL = 0,514

Sections through flow near leading edge of inner panel of M-wing,

with and without drooped nose-flaps
-2 -

&y,
(]

w oo NN o W }g

10
10

1
11

12
12
13
15

16

16
16



LIST OF ILLUSTRATIONS (Contd)

Lift and pitching moment characteristics of ¥-wing, with and
without drooped nose~flaps

Effect of all nose-flaps drooped on chordwise distribution of
load and surface pressures on inner panel of M-wing,
n=0.25, C; = 0.514

Effect of all nose-flaps drooped on chordwise loading on inner
panel of M-wing, m = 0.25

Distributions of upper surface pressure and total load over
inner panel of M-wing:-

Nose~flaps neutral, EL = 0,230

Outer nose-flaps drooped, CL = 0,230

A1l nose-flgps drooped, CL = 0,230

= 0,514
Outer nose~flaps drooped, EL = 0,514
All nose-flaps drooped, CL = 0,514
Nose-flaps neutral, CL = 0,718
Outer nose-flaps drooped, C = 0.718
A1l nose-flaps drooped, CL = 0.718

Nose-flaps neutral, EL

Sparwise C. distribution over inmer panel of M-wing,

L
with and without drooped nose-flaps

Spamwise loadings on inner panel of M-wing, with and without
drooped nose-flaps:-

CL = 0,230
CL = 0.514
CL = 0.718

Spanwise distribution of pitching moment across inner panel of
M-wing, nose-flaps neutral

Effect of nose-flap droop on the spamwise distribution of
pitching moment over inner panel of M-wing:-

L= 0. 230
1L = 0. 514
CL = 0.718

Effect of nose-flap droop on overall pitching moments on
M-wing

Centre of pressure position as a fraction of local chord on
inner panel of M-wing

Distance of centre of pressure from leading edge on inboard
panel of N-wing

Fig,

10
11
12
13
14
15

16

17-19
17

18
19
20

21-23
21
22

23

2k
25

26



»

1 INTRODUCTION

In the course of an investigation into wings designed to cruise with
attached shock-free flow at low supersonic speeds, Bagley1 has suggested two
suitable planforms, one being an M-wing whose agpect ratio, sweep and section
shape are determined by the 1ift/drag ratio required for the cruise condition.
Several such M-wing planforms have been tested, flat-plate models with sharp
leading-edges being used to reproduce the leading-edge separations which will
be encountered in the low-speed flow over the thin high-speed section at off-
design incidences.

Although later work has suggested that a lower aspect ratio is required,
earlier emphasis had been placed on a wing of aspect ratio 5.0 with the kink
at mid-semi-spen. The sweep forward of the quarter-chord line of the straight-
tapered inner panel and the sweepback of the trailing edge of the outer panel
are both 559, and the outer panel has a cwrved leading-edge with a streamwise
tip.

Initial tests on this planform showed that the loss of stability (pitch-
up) occurring at a 1lift coefficient of order 0,4 to 0.5 could be cured by
drooping nose-flaps on the inncr panels, and pressure-plotting measurements
were therefore undertaken to determine the aerodynamic mechanism of the nose~
flap action. The tests were made in the 13 ft x 9 ft low-speed wind tunnel
at R.4A.E, 3Bedford,

2 DETATLS OF MODEL

The model layout is shown in Fig.1, and the model dimensions and the
geometry of the wing planform are given in Tables 1 and 2 respectively. The
nose-flaps were divided into immer and outer sections of equal span which
could be drooped separately or jointly through an angle of 30° perpendicular
to the hinge line i.e. 18° 30' in a streamwise direction. The noss-flap chord
was constant and equal to 25% of the kink chord., The wing had a symmetrical
flat-plate section of constant thickness (0.75 in.) with sharp bevelled leading
and trailing edges.

Nine pressure tubes were laid just below both surfaces of one inner
panel of the wing along constant percentage chord lines of x/c = 0.20, 0.25,
0.30, 0.35, 0.40, 0.50, 0.60, 0.70 and 0,80, and seven chordwise rows of
pressure holes were obtained by drilling into these tubes at spanwise m
intervals of 0.0625 (1/16) between m = 0.0625 and 0.4375 (see Fig.1). The
pressure tubes were brought out at the rear of the wing on the centre-line,
The internal chambers of the hollow nose-flap sections were connected to
extra pressure tubes recessed into the wing, so that, by drilling through the
nose-flap wall, the pressure could be obtained at any point on the nose-
flaps, except close to the leading-edge.

3 DETAILS OF TESTS AND aNALYSIS

Using & conventional wirc rig, the model was suspended in the inverted
position on the tunnel centre-line. The model was adequutely supported to
eliminate differential deflections of the inner and outer panels of the wing
at a fixed nominal incidence. Previous tests at Dedford on this planform
used a smaller scale model which was unduly flexible under load, giving rise
to uncertainty in the geometrical incidence, Cn the model used in the
present tests, it made little difference to the nose-flap efficiency in
suppressing the pitch-up whether the whole nose-flup span was drooped or only
the outer section, whereas, on the smaller model, deflcction of the outer
section alone had proved distinctly more promising, This slight difference
in characteristics was probably due to the improved behaviowr of the larger
model under load,



The measurements were teken at a wind speed of 150 ft/sec, giving a
Reynolds number of 1.8 x 106 based on the aerodynamic mean chord. The
overall 1ift and pitching moment of the clean wing were first measured at
nominal incidences of 5°, 10° and 15°, giving 1ift coefficients EL of 0.230,

0.514 and 0.718 respectively, and the incidences necessary to reproduce

these values of CL with the nose-flaps drooped were then determined.

Pressure plotting measurements were made at the sbove éL values on the inner
panel of the wing (a) with the nose-flaps neutral, (b) with the outer section
of the nose-flaps drooped, and (¢) with both nose-flap sections drooped
together.

The pressure, force and moment coefficients quoted have not been
corrected for the combined effects of solid and wake blockage: the maximum
correction would be about -1.0% at CL = 0.730. This omission does not affect

the final comparison of the overall balance measurements with the 1ift and
pitching moment due to the inner pancl computed from the pressure measure-
ments. The analysis of the pressure measurcments wus made in the usual
manner, and the relations used are included in the list of symbols.

4 IYEE OF FLOT

The "titanium dioxide + o0il" technique wag used to study the flow
patterns on the wing surfaces over the whole incidence range 0° to 159. Due
to difficulties with the technique, the photographs of the “low are unsuit-
able for reproduction, but the salient features of the flows could easily be
discerned by eye and are described below. The upper surface flow appropriate
to the three configurations at the medium 6L of 0,514 is sketched in Fig.2,

and, to illustrate the effect of nose-flap droop, scctions through the flow
near the leading-edge are given in Fig, 3.

4,1 Flow pattern on clean wing

The dominating feature of the flow over the clean wing is a full
leading~edge separation at all non-zero incidences. On both panels of the
VM-wing, the separated layers roll up into coiled vortex sheets radiating
from the leading-edge apex at mid-semi-gpan. On the inner panel, the coiled
sheet breaks away from the leading-edge in the neighbourhood of the swept
forward junction at the wing root, and turns dovm stream.

The flow patterns on the upper surface of the wing show clearly the
region covered by the leading-edge vortex flow, e.g. in Figs.2(a) and 3(a),
the region between the primary separation line P at the leading-edge and the
attachment line A, The surface flow upstream of 4 is towards the leading-
edge, and shows a secondary separation along the line S. The flow structure
between the primary and secondary separation lines on the imner panels was
not distinct in the present experiments, due to disturbances caused by small
discontinuities along the leading-edge at the nose-flap junctions and by the
bevel line on the nose-flaps. At a = 100, approximately half the area of the
inner panel is covered by the leading-edge vortex flow., Even at 5° incidence,
there is a detectable inflow at the trailing-edge of the air which has come
over the rolled-up vortex sheet, and, at a = 159, the flow at the trailing-
edge is parallel to the trailing-edge over ncarly all its lemgth. At a = 159,
the flow at the wing root is beginning to break down with the formation of
reversed flow (and possibly a bubble) near the leading-edge. At the higher
incidences, the vortex which is turning dovmstream at the wing root is unable
to penetrate as close to the root.



The leading~edge sweep of the inner panel of the M-wing is 50,69 and
this seems to be rather marginael for the ready development of the coiled
vortex sheet at the lowest incidences below 5°, The definition of the vortex
at small incidences is much better on wings of higher sweep, e.g. on the
various members of a series of slender wings described by Peckham?, and the
definition is slightly better even on the outer panel of the present M-wing,
where the initial leading-edge sweep is 55°.

4.2 Effect of noge-flap droop

The flow patterns due to drooping the outer section and the whole
length of the nose-flaps at C. = 0,51k are shown in Figs.2(b), (c). 'With

the outer section only drooped, the flow pattern develops as follows. There
is attached flow over the upper surface of the drooped nose-flap section,

its direction becing nearly normal to the leading-edge. At a = 0° and 59,
there is a small bubble on the nose-flap hinge marked by an accumulation of
0il which slowly drains along the hinge line and is swept awey over the

upper surface by a small streamrise edge vortex springing from the leading-
edge discontinuity (effectively a notch) at m = 0.25. A similar edge vortex
originates at mid-semi-span. The flow over the inner section of the inner
penel is dominated by a leading-edge vortex turning downstream at the root.
At an incidence between 5° and 100, the hinge line bubble is replaced by a
separation leading to o coiled vortex sheet which will be considerably weaker
than that springing from the leading-edge of the inner section of the panel
at the same incidence. This new vortex sheet turns downstream at approximetely
M= 0.25. It is interesting to note that the vortex from the hinge line does
not appear to have any associated sccondary separation, presumably because of
its lower strength. A4t an incidence of 159, flow breakdown in the shape of
reversed flow is occurring not only at the root but also near the nose-flap
hinge at m = 0.25. The flow near the trailing-edge is further from the free-
stream direction than on the clean wing; this confirms the observed detrimental
effect of drooping the outer nose-flaps on the efficiency of plain trailing-
edge flaps,

If both outer and inner nose-flap sections are drooped together, the
flow at low incidences is again marlzed by a bubble on the nose-flap hinge
line, which is replaced by a weak coiled vortex sheet between a = 5° and 109,
The area of the wing covered by the vortex flow increases with incidence,
but is disvlaced downstream relative to that on the clean wing because its
origin is at the hinge line rather than at the leading~edge. At higher
incidences, the attached flow over the drooped nose-flap helps to reduce the
extent of the flow breakdovm at the root.

The surface flow was visualized with the innur flap alone deflected but
time was not available for pressure plotting this configuration. With the
inner nose-flap drooped, the leading-edge vortex from the outer section of
the panel is accompanied by a tveaker vortex from the nose-flap hinge line at
the higher incidences, and the wing area covered by the vortex flows is roughly
equal to that covered by the flow field of the single leading-edge vortex on
the clean wing. Drooping the inner nose-flap section does not remove the
pitch-up of the wing, but it deces help the efficiency of plain trailing-edge
flaps, and tuft tests ut R.A.E., Farnborough, have confirmed that the flow
in the wing root is improved.

On the lower surface, outflow develops n.ar the trailing-edge. In con~
Junction with the marked inflow occurring on the upper surface, this corres-
ponds to vorticity being shed from the trailing-cdge which is cpposite in
sign to that of the leading-edge vortcx from the same panel, Kirby3 has
described the complete trailing vortex system more extensively in a note
discussing the same M-wing planform in combination with a body.
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The above description of the flow patterns will be related to the
rressure distributions measured on the wing.

5 CHORDVISE PRESSURE AND LOAD DISTRIBUTIONS

This section gives typical examples of the effect of nose-flap droop
on the surface pressure and load distributions on the inner panel of the
M-wing. Overall 1lift and pitching moment characteristics of the ving are
shown in Pig.hk. To demonstrate the effect of nose-flap droop, we use the
rressure and load distributions measured at the medium CL of 0.514 at

n = 0,25 on (a) the clean wing, and (b) the wing with all nose~-flaps drooped
(see Pig.5). The m = 0.25 position is chosen as being furthest from the
"centre" effects of the junctions at the root and mid-semi-span., Fig.6

shows how the load distribution varies with EL in the two cases.

5.1 Effeet of nose-flap droop; m = 0.25, BL = 0,51

On the clean wing, the upper surface pressure distribution (lower half
of Fig.5) shows a suction peak at x/c = 0.2 due to the coiled leading-edge
vortex, A tendency to form a secondary peak around x/c = 0,08 may be ascribed
to the flow betwreen the secondary separation line and the leading-edge. In
the particular example chosen, a positive C, was rezistered on the upper

surface at x/¢c = 0.5, obvicusly connected with the attachment. Study of the
relevant oil flow photograph suggested that the attachument line lay at x/c
of order 0.4, and that the positive pecak was registered at the point down-
stream of vwhich the flow direction is roughly constunt back to the trailing
edge., As found by Peckham in pressure-plotting tests on sharp ecdged delta
and gothic wingsz, the main suction peak occurs at the "downstream" end
(i.e. nearer leading edge) of the straight section of the flow between the
attachment and secondary separation lines.

The load distribution ACP on the clean wing (see Fig,6) is very similar

to the upper surface pressure distribution with a meximum at 20% chord., Aft
of this point, the load decreases rapidly and, until the incidence exceeds
109, only about 57 of the total load is developed over the rear half of the
section. Reference to IMig.25 shows that the centre of pressure, Xops is at

204 chord.

At the same EL of 0.514, nose-flap droop radically changes the pressure

and load distributions. The main suction peak is now due to the attached
flow on the upper surface of the nose-flaps, and occurs at x/c = 0,08 or a
little further forward. A secondary peak around x/c = 0.2 is due to the
weaker coiled vortex springing from the nose-flap hinge line, The pressure
recovery towards the trailing-edge is fairly uniform in this case,

The two peaks in the load distribution are less marked because of the
effect of the leading-edge separation on the lower surface. The load is
concentrated more to the rear of the section, and falls almost linearly from
x/c = 0.3 to the trailing edge. Just over 25% of the total load occurs on
the rear half of the section, and the centre of pressure position is now
XGP/C = 0.3 i.e. 10% of the chord behind the clean wing position.

Hence, well away from the Jjunctions of the M-wing, the effect of drooping

the nose-flaps at constant EL is to shift the local centre of pregsure rear-

wards by a substantial amount, which will give a negative pitching moment

increment, At the same time, the sectional CL is decreased by the droop -
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see Fig,16, The effect of this 1ift loss on the pitching moment depends on
the position of the centre of pressure relative to the mean quarter-chord
line.

5.2 Variation with 1ift coefficient; m = 0.25

The variation in the chordwise load distribution with E;L at n = 0.25 is

shown in Fig.6, with and without all nose-flaps drooped. 4As the leading-edge
vortex grows on the clean wing, the main suction peak moves rearwards. A
large movement occurs between CL = 0,230 and 0.514 from x/c = 0.05 to 0,20,

<, to 0.718 only moves the peak back to 0.25. 4t
the highest C., the secondary peok at x/c = 0.06 is well marked. The

corresponding centre of pressure positions are 22, 20 and 28% of the chord
i.e, there is little change up to CL = 0.5 followed by a rearward shift:

but the next increase of C

this is connected with the turning downstream of the vortex flow at the wing
root, which results in the build up of load over the rear part of the chord.

If all the nose~flaps are drooped the suction peak due to the attached
flow moves forward with increasing C 1,9 reaching x/c = 0.04 at QL = 0,718, At
the lowest CL’ the peak is back at 20% chord, because the strong leading-edge
separation below the wing reduces the load forward of that point, negative

load being recorded near the leading-~edge. At all CL values, the load

decreases steadily from x/c of order 0.3 or O,k to the trailing-edge. The
secondary peaks at x/c = 0.2 are due to the vortex separating from the hinge
line. The respective centre of pressure positions are xGP/b = 0.32, 0.31,

0.28 i.e. a small but steady forward shift with increasing incidence.

When only the outer section of the nose-flaps is drooped, the flow
inboard of the centre of the immer panel will be of the clean wing type, and
that outboard will be of the drooped nose-flap type.

5.3 Isobars and loadings on immer penel

To supplement the discussion of sections 5.1 and 5.2, detailed isobar
plots and load distributions over the inner panel are provided in Figs.7 to 15
for the three wing configuratiocns at the three lift coefficients QL = 0.230,

0.514 and 0.718. The load distributions are drawn to scale, though the scale
is not constent for all the figuwes. With the outer section of the nose-flaps
deflected, there is a discontinuity in the load distribution at 1 = 0.25
forward of the nose-flap hinge; in this case, the dotted curve refers to the
wing immediately inboard of m = 0.25 and the full curve to the region
immediately outboard. The isobar plots are supplemented by the addition of
peak suction lines, no distinction being made as to whether they are due to
attached or separated vortex flow., No ambiguity should arise if the iscbars
and load distributions are consulted in conjunction with the flow descriptions
of section 4.

The main features displayed by the isobars and_load distributions will
now be outlined. UFig.7 refers to the clean wing at GL = 0.230, The upper

surface peak suction line lies almost parallel to the leading-edge, and doecs
not radiate from the leading-edge apex as it would if due to a well-defined
leading-edge vortex - this behaviour is undoubtedly due to the irregularities
in the leading-edge splitting the leading-edge separation and delaying its
development., BSimilar behaviour is shown between n = O ang 0.25 in Fig.8,
which concerns the wing with outer nose-flaps drooped at CL = 0,250, More-

over, the peak suctions tend to increase away from the leading-edge apex,
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which is not characteristic of a coiled vortex flow. Over the outer drooped
section (Fig.8), the upper surface pressures indicate a suction peak along
the hinge line. The load distribution shows another peak further forward,
which is accentuated by the rapid fall in the load near the leading-edge due
to the leading-edge vortex on the lower surface. With all nose~flaps drooped

at 5L = 0.230 (¥ig.9), peak suctions are again apparent near the hinge line.

Fig.10 for the clean wing at aL = 0,51} shows a well developed leading-

edge vortex flow with the peak suction line radiating fromn the leading-edge
apex until the vortex is twrned downstream near the root. Moving iwmvards
from mid-semi-span, the initial single peak is gradually superseded by two,
the forward one being due to the flow between the secondary separation and
the leading-edge. The magnitude of the peak suction falls off rapidly from
a maximum of order -3,0 measured at 1 = 0.438. A similar maximum can be
seen on the inner section of_the wing in Fig.11 which covers the case of
outer nose-flaps drooped et CL = 0,514, The isobars outboard of m = 0.25

show two suction peaks, one on the hinge line and the other (much sharper)
due to the attached flow over the drooped section, This behaviour is repro-
duced when the whole length of the nose-flaps is deflected at the same C.,

see Fig.12. The attached flow suction peeks tend to increase towards the
wing root. In Fig.12, the peak suction line associated with the vortex from
the hinge line is well defined. The load distribution near the leading-edge
does not contain any appreciable positive ACP values, indicating the decrease

in strength of the lower surface vortex.

The general nature of the results for EL = 0.718 is very similar to

those for the medium EL‘ On the clean wing (Fig.13), the peak suction line

has swung backwards and higher peaks are registered, the largest QP being
Us

of order ~5.5. The rall off towards the root is extremely rapid, and this
coincides with a broadening of the suction peak. The secondary peak is not
so well marked as at C; = 0.514. With the outer nose-flaps drooped (Fig.14),

the attached flow peak has moved closer to the leading-edge, with a maximum
peak suction of order =-2.5 being recorded at m = 0.25. The peak due to the
hinge line vortex is more marked than when all the nose-flaps are deflected,
as in Fig.15.

6 SPAMVTISE DISTRIBUTION OF LIFT CCEFFICIEINT

The spamvise C, distribution over the inner panel of the three con-

L
figurations is shown in Fig.16. On the clean wing, the CL distribution is

approximately uniform outboard of m = 0,25. Inboard of this point, a slight
maximum occurs followed by a rapid loss of local C. at the root. At the

L
three EL values used, the maximum CL occurs at m = 0,125, 0.175 and 0,30

respectively, and these positions coincide approximately with the points
where the attachment lines bend downstream and become less distinct. The
local lift curve slope is roughly constant for 0,25 <1 < 0.5, but it falls
off increasingly as the root is approached._ Sections inboard of m = 0,08

actually suffer a loss of 1ift between the CL values of 0.514 and 0.718.

This 1ift loss is consistent with the physical inability of the growing
leading-edge vortex to penetrate as close to the wing root at the higher
incidences.

~



3

Wthen the outer section of the nose-flaps is drooped, the leading-edge
separation is confined to the inner section of the panel, and the smaller
size of the vortex means_that it can penetrate closer to the wing root before
turning downstream, At CL = 0,514 and 0,718, this is reflected in the

increased CL measured for m less than 0.15 and 0.23 respectively. The 1lift

on the outer section is reduced due to the loss of the non-linear 1lift incre-
ment from the leading-edge vortex, though this loss is partly replaced at

the highest CL by non-linear lift from the weaker vortex springing from the

hinge line - this replacement probably accounts for the disappearance of the
discontinuity in CL at n = 0.25. At the root, the local CL stays approxi-

mately constant as CL increases from 0.5 to 0.7.

When all the nose-flaps are deflected, the CL is reduced for all values
of m at CL = 0.230 and 0.514, and is fairly uniform over the semi-span.
However, at the highest EL = 0,718, a maximum local CL is indicated at
n = 0.13 (presumably due to the bending downstream of the hinge-line vortex),
together with a reduction towards the root. However, at the root, the

presence of some attached flow over the nose-flap means that the 1ift does
increase steadily through the incidence range up to 15°.

7 SPANWISE LOAD DISTRIBUTICN

Spanwise load distributions for EL = 0.230, 0.514 and 0,718 are shown

in Figs.17, 18 and 19. Integration of cCL/E from m = O to 0.5 gives the

contribution of the inner panel to the overall lift i.e. EL . The pro-
INNER
portion of the load carried by the inner panel remains cvonstant through the
incidence range at about 64% for the clean wing and for the wing with the
outer nose-flaps drooped, falling to 60% with all nose~flaps drooped. The
application of the outer nose-flaps does not lead to a change in the 1lift
carried because the loss of 1ift over the outer section is counter-balanced
by the gain near the root. With all nose-flaps deflected, there is a net
loss of 1lift on the inner panel. The inner panel includes 66.5% of the total
wing area, so that the distribution of load on the inner and outer panels of
the M-wing is closely proportional to the area distribution. This implies
that the 1ift loss near the root is probably balanced by some loss of 1ift
near the tip of the outer panel.

The loadings at the lowest EL of 0.230 (Fig.17) ere compured with a

theoretical sparwise loading calculated by Brebner's methodd for a thin wing

with fully attached flow i.e. the limiting loading as CL tends to zero. Out-

side the root area, there is close correspondence between the experimental
loading on the inner panel and the theoretical values.

8 PITCHTG MOMENT CHARACTERISTICS

The pitching moment characteristics of the wing are presented in
Figs.20 to 26, which should be consulted together. In Fig,20 for the clean
wing, the spanwise variation of ch/c Cm is given to illustrate the usual

difficulty experienced on integrating the sectional pitching moments on swept
wings i.e. that the sectional moments are large compared with the integrated
moment about the mean quarter chord point. Figs.21 to 23 show the sectional

moments at the three test EL values, and Fig.24 gives the contribution to the

overall moment from the inner and outer panels. In Figs.25 and 26, the centre
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of pressure position is presented (a) as a fraction of the local chord, and
(b) divided by G i.e. effectively distance from the local leading-edge.

8.1 Pitching moment of clean wing

The weighted secticnal moments Cm for the clean wing are presented in

Fig.20, By reference to Fig.24, it may be seen that the contribution_of the

inner panel to the overall Qm is approximately constant at the lower CL

values of 0.230 and 0.51k, C being about 0,010, However, as e
P INER L
increases to 0.718, C rises to 0,044, and this rapid change is the
INNER
direct cause of the pitch-up manifested in the ém, CL curve, The lower

figure of Fig.24 shows that the outer panel pitching moment is required to

vary almost linearly with 6L'

The associated changes in centre of pressure position and sectional
1ift coefficient are given in Figs.25, 26 and 16. Near the leading-edge
apex, 0.35 < m < 0.5, the centre of pressure of the clean wing stays close

to x/c = 0.23 throughout the range of incidence. At EL = 0,514 and 0.718,

the growth of the leading-edge vortex is reflected in a rearward movement

of the centre of pressure for 0.13 < 1 < 0,35, Between 6L = 0.514 and

0.718, the reerward movement is replaced by a forward movement for m < 0.13,
due to the growing vortex being forced outboard from the root. This forward
movement, when combined with the loss of sectional 1ift at the root

(see Fig.16), is the origin of the pitch-up on the clean wing for CL > 0.5,

The net effect is shown strikingly in Figs.20 and 23, where the sectional

pitching moment on the clean wing at EL = 0,718 shows a marked upvard sweep

for n < 0.13, corresponding to a loss of stability.

The gradual increase in stability of the clean wing for 5L < 0.3 (Fig.l)

is due to the rearward shift of the centre of pressure as the leading-edge
vortex is established - a_similar tendency has been observed on a sharp
edged gothic wing at low CL valuesd., On the M-wing, however, this stable

trend is soon swamped by the pitch~-up due to the decrease in lift at the
root.

8.2 Effect of nose-flap droop

Figs.21 to 23 show the effect of nose-flap droop on the sectional

pitching moments. At the two lowest CL values, the effect of deflecting the

outer nose-flaps is to give negative pitching moment increments for m > 0.25
and n < 0.1 (Figs.21 and 22). Outboard of m = 0.25, the nose-down pitch is
due to a loss of non-linear 1ift combined with a substantial rearward move-
ment of the centre of pressure of about 10% local chord., At the root, the
smaller leading-edge vortex penetrates closer to the centre~line giving some
extra 1ift behind the pitching moment axis: +this negative increment is how-
ever much smaller than that generated on the outer drooped section. At the
highest C. = 0.718, the favourable increment from the root section becames
more near%y equal to that from the outer section, and a helpful rearward
movement of the centre of pressure at the root occurs as the leading-edge
vortex expards. Fig.2h shows that the_inner panel with the outer nose-flaps
drooped still shows some pitch-up for CL > 0.5, but the change of slope is

smoothed out somewhat in the overall 5m curves.
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At EL = 0.230, drooping all the nose-flaps gives a negative pitch

increment over the whole healf semi-span (Fig.21), due again over the outer
seoction to a loss of non-linear 1ift combined with a rearward centre of
pressure movement. Over the inner section, little 1ift loss is found and

the increase of Xop is the main factor. At the root, deflection of all the

nose~flaps at EL = 0,718 gives almost twice the nose-down increment found

with only the outer section deflected, This corresponds to the marked 1lift
increase at the root visible in Fig.16. The integrated value of C

PINNER
shows a negligible loss of stability at EL greater than 0,5, and this is

reflected in the ém values.

9 COMMENT ON RESULTS

Previous sections have described how pressure plotting measurements on
the inner panel of an M~wing have accounted for the pitch-up experienced at

moderate CL in terms of a logs of 1ift at the root. The operation of nose-

flap droop in reducing the pitch-up has been explained. On the clean wing,
the pitch-up computed on the inner panel is, if anything, more than enough
to account for the overall mecasured pitch-up.

The outer panel pitching moment mugt apparently vary linearly with GL.

This conclusion is somewhat swprising. irby and Johnson's results3 and
some American tests® indicate that the outer panel of the l~wing (which is
equivalent to half a swept wing of aspect ratio 3.75) should show some pitch-

up around a C. of 0.5. A likely value for the loss in stability would seem
L

to be a change in aém/aéL of crder 0.25. sdaption of this result to the case

of the ¥-wing, by allowing for the changes in reference area and aerodynamic
mean chord, suggests that the outer panel ocught to contribute 0.0k to the
change in de/BCL on the complete M-wing. The actual change on the M-wing

is of order 0,15, all of which can be ascribed to the imner panel, and,
although the pressure plotting results did not actually cover n = O and

n = 0.5, it is not considered that the mode of extension of the existing
results to these limits (e.g. in Fig.23) could affect the integrated moments
sufficiently to account for any such discrepancy. On the M-wing, the outer
panel is in the downwash field of the adjacent inner panels, and it is Jjust
possible that any tendency to pitch-up of the outer panel is balanced by
suitable downwash variations. In any case, the outer panel would be unlikely
to contribute more than 25% of the measured pitch-up.

It is of interest to note that the pitch-up still occurs in the presence
of a body5, although it is somewhat masked by the large unstable moment
derived from the body, and that the nose-flaps are still effective in reducing
the pitch-up.

10 CONCLUSIONS

The imner panel of an M-wing with sharp leading-edges has been
extensively pressure plotted to discover why drooped nose-flaps are effective
in reducing the pitch~up which occurs above a CL of 0.4 to 0.5 on the clean
wing.

The pitch-up may be explained in terms of a loss of 1lift occurring near

the wing root at higher CL values, when the leading-edge vortex growth is

such that it cannot penetrate as close to the centre line. This 1ift loss
constitutes a loss of stability about the mean quarter chord point.
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If the outer section of the nose-flaps is drooped, the pitch=-up is
alleviated, The improvement is largely accounted for by a loss of 1lif't over
the outer section of the inner panel, combined with a large rearward travel
of the centre of pressure, due to the replacement of the leading-edge vortex
by attached flow over the nose-flap, with a vweaker vortex from the nose-flaps
hinge developing at higher incidences. The nose-flap action is also helped
by an increase of 1lif't at the wing root due to the closer approach to the
centre line of the smaller leading edge vortex off the undisturbed inner
leading-~edge,

An equally beneficial effect on the pitch-up is achieved by drooping
nose~flaps over the whole of the inner panel. The outer section of the panel
again contributes a nose-down pitch due to the rearward movement of the centre
of pressure and due to the loss of 1ift, which is favourable as it is concen-
trated aghead of the mean quarter chord. aAn equal effect is contributed at
higher C, by increased 1ift near the wing root which is concentrated nearer
the trailing-edge.
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TABLE 1

Dimensions of M-wing model

Aspect ratio, A 5.02
WModel span, b 8,333 £t (100 in.)
Gross model area, S 13.84 sq £t
Aerodynamic mean chord, & 1.938 £t
Geometric mean chord, o 1.660 Tt
Distance of mean + - chord point

ahead of T.E. vertex, &% 3.689 £t

TAHE 2

Ceometry of M-wing planform

Distribution of local chord ¢ over the semi-span b/? is given by

C

b/2

0.74 = C.84 m s 0 <mn< 0G5

t

S - oa (Lm - (1-71)], 0.5 <1 < 140

0.7967 (b/2)?
0.4652 (2/2)
0.3983 (b/2)

ing area, S

on
it

Aerodynamic mean chord,

it

Geometric mean chord, ¢

Distance of mean % ~ chord point
ahead of T.E. vertex, z% = 0.8853 (b/2)
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FIG.25. CENTRE OF PRESSURE POSITION AS
A FRACTION OF LOCAL CHORD ON INNER
PANEL OF M-WING,
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FROM LEADING EDGE ON INBOARD PANEL
OF M-WING.
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LOW~SPEED PRESSURE~PLOTTINC TESTS ON A FLAT=PLATE M=WING
FITTED WITH PART=SPAN NOSE~FLAPS. Wyatt, L. A. and
1lott, Miss G.P. June, 1960,

Pressure~plotting measurements have been made over the inboard panel of
a 55O swept flat—-plate M=wing of aspect ratio 5.0 fitted with constant=chord
noge=flaps,

The effect of drooped nose=flaps on the pressure distribution over the
inboard panel of the M=wing has been found at three overall lift=coefficients
of 0,230, 0.514 and 0.718.

Analysis has shown that the loss of stability (pitch=up) which cccurs
on the M=-wing above a 1ift coefficient of O.4 can be ascribed to a loss of
1ift in the neighbourhood of the wing root, and the action of nose=flaps in
eliminating this pitch=up has been c¢xplained,
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Pressure=plotting measurements have been made over the inboard panel of

a b5% swept flat=plate M=wing of aspect ratio 5,0 fitted with constant=chord
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The effect of drooped nose~flaps on the pressure distribution over the
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