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RESEARCH MEMORANDUM

PRESSURE DISTRTIBUTIONS AND AERODYNAMIC CHARACTERISTICS
"OF SEVERAL SPOILER-TYPE CONTROLS ON A TRAPEZOIDAL
WING AT MACH NUMBERS OF 1.61 AND 2.01

By Douglas R. Lord and K. R. Czarnecki
SUMMARY

An investigation has been made at Mach numbers of 1.61 and 2.0l to
examine the characteristics of a series of nine sp01ler-type controls on
a trapezoidal wing having the leading edge swept back 23° , an aspect ratio
of 3.1, and a taper ratio of O. L, Pressure dlstrlbutlon measurements
were made at angles of attack from —15 to 15 and the Reynolds number

of the tests was 3.6 X 106 with boundary-layer transition fixed near the
wing leadling edge. The results of the tests indicated that the incre-
mental pressure distributions due to the spoiler were in excellent agree-
ment with previous flat-plate results as long as the spoller was not
located too close to a break in the wing surface or to the wing tip. The
effect of angle of attack on the pressures measured ahead of the spoiler
could be predicted fairly well by a pressure-rise correlation. Angle of
attack had little effect on the pressures measured downstream of the
spoiler. Deflecting a full-span trailing-edge flap-type control behind
a full-span spoiler had no effect on the pressures measured ahead of the
spoiler but had a large effect on the pressures behind the spoiler, par-
ticularly when the control deflection was toward the spoiler. The
effectiveness of the spoiler in reducing the wing lift and bending
moment was generally increased by rearward movement of the spoiler,
increasing the spoiler span, increasing the gap behind the spoiler, or,
at negative angles of attack, by decreasing the Mach number. The incre-
mental pitching moment due to the spoiler became more negative with for-
ward movement of the spoller or by decreasing the gap behind the spoiler,
and, at negative angles of attack, by increasing the spoiler span or
decreasing the Mach number.

INTRODUCTION

As part of a general program of research on controls, an investiga-
tion is under way in the Langley 4- by 4-foot supersonic pressure tunnel
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to determine the important parameters in the design of controls for use
on a trapezoidal wing at supersonic speeds. Some results of the tests
made thus far have been reported in references 1 to 3 showing the con-
trol effectiveness, hinge-moment, chordwise pressure-distribution, and
spanwise-loading characteristics for a series of flap-type trailing-edge
controls on a trapezoidal wing having the leading edge swept back 230, an
aspect ratio of 3.1, and a taper ratio of O.4.

In order to investigate the effect of spoilers on the flow and force
characteristics of the trapezoidal wing of references 1 to 3, a series of
nine spoilers having variations in height, span, sweep, and chordwise
location were tested. The wing angle-of-attack range for these tests
was from.—l5o to 150 and for some of the tests, a full-span flap-type
control was deflected up to +20°. The tests were conducted at Mach num-

bers of 1.61 and 2.01 for a Reynolds number of 3.6 x 106, based on the
wing mean aerodynamic chord of 11.72 inches, and turbulent boundary layer
was assured by fixing transition near the wing leading edge. This report
will present the chordwise pressure distributions, spanwise loadings,

and the integrated spoiler-effectiveness variations for these spoiler
configurations on the trapezoidal wing. '

SYMBOLS
oI 1ift coefficient, —-
9,8
Cp root bending-moment coefficient, B
29,5b
c itchi t coefficient M
itching-moment coefficien
m P & ' g S(VAC
Cp section pitching-moment coefficient (taken about midchord
of mean aerodynamic chord)
Cn section normal-force coefficient
b, -P -
C pressure coefficient, ! ©_.__2 £1_~ Po
12 4, M2\ P
Cp,s pressure coefficient at separation point s
Cp,x pressure coefficient at point x
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corrected incremental pressure coefficient due to spoiler,

&p  corr.
Po 1
Go - ) (2,
’ 7 \Py My =M \Po /My =M

B semispan wing-root bending moment
b/2 wing semispan

c wing local chord

T wing average chord

cR wing-root chord

h spoiler height

L semispan-wing 1ift

M Mach number

M! semispan-wing pitching moment about midchord of mean

aerodynamic chord

P static pressure

q dynamic pressure, % pM?

R Reynolds number based on mean aerodynamic chord

S semispan~-wing area

X distance in chordwise direction from wing leading edge
x! distance in chordwise direction from spoiler

Yy distance in spanwise directlion from wing-root chord
o wing angle of attack, streamwise

v ratio of specific heat at constant pressure to specific heat

at constant volume
A prefix indicating increment due to spoiler
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o) control deflection relative to wing, positive when control
trailing edge is down

A spoiler sweep'angle.
Subscripts:
1 local conditions before a disturbance
2 local conditions aftér a disturbance
5 local conditions at separation point
o free stream
1 local

APPARATUS

Wind Tunnel

This investigation was conducted in the Langley 4- by 4-foot super-
sonic pressure tunnel, which is a rectangular, closed-throat, single-
return type of wind tumnel with provisions for the control of the pres-
sure, temperature, and humidity of the enclosed air. Flexible nozzle
walls were adjusted to give the desired test-section Mach numbers of 1.61
and 2.01. During the tests, the dewpoint was kept below -20° F at atmos-
pheric pressure so that the effects of water condensation in the super-
sonic nozzle were negligible.

Model

The wing model used in this investigation was the same as that used
in the tests of references 1 to 3. The basilic wing had a leading edge
swept back 23°, a root chord of 15.88 inches, a tip chord of 6.17 inches,
a semispan of 17.02 inches, and a mean aerodynamic chord of 11.72 inches.
The wing section was a modified hexagon having a constant ratio of local
thickness to local chord of 4.5 percent. The flat midsection extended
from the 30-percent chord to the 70-percent chord and the corners joining
the flat midsection to the leading- and trailing-edge wedges were rounded
to a 22.5-inch radius. The full-span control configurations 4 and 6 of
references 1 to 3 were used during this investigation. Configuration 4
had a sharp trailing edge and configuration 6 had a blunt trailing edge.
Both of these controls had unswept hinge lines located at the T4 .6-percent-
chord line, and a hinge-line gap of 0.0l inch (0.08 percent mean

SNSRI,
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aerodynamic chord). For one test with configuration 4, the hinge-line
gap was increased to 0.20 inch (l.T7l-percent mean aerodynamic chord) by

moving the control and hinge line rearward.

Sketches of the nine spoller configurations are shown in figure 1.
The spoilers were constructed of 1/16-inch stock brass, bent at a right
angle to permit fastening to the wing surface. The support leg faced
rearward except for configurations G, H, and I, which were reversed in
order to provide maximum rearward location of the spoiler wilth respect
to the hinge-line gap or trailing edge. All the configurations had a
height equal to 5 percent of the mean aerodynamic chord except for con-
figurations F and I, for which the heights were 5-percent local chord and
2-percent mean aerodynamic chord, respectively. Configurations C, D,
and E were basically the same spoiler with successive portions of the
spoller tips being removed. Configurations G and H were identical
except for the enlarged hinge-line gap on configuration H.

The wing was constructed of steel, and the pressure-tube instal-
lations were made in grooves in the surface which were faired over with
a transparent plastic material. The 14k to 169 pressure orifices were
located at five spanwise stations as shown in figure 1. The chordwise
locations of the surface pressure orifices are listed in table 1. All
screw holes and pits were filled with dental plaster and faired smooth.
The semispan wing was mounted horizontally in the tunnel from a turntable
in a steel boundary-layer bypass plate which was located vertically in

the test section about 10 inches from the side wall.

TESTS

Techniques

The model angle of attack was changed by rotating the turntable in
the bypass plate on which the wing was mounted. The angle of attack was
measured by a vernler on the outside of the tunnel, inasmuch as the angu-
lar deflection of the wing under load was negligible. The control deflec-
tions on the full-span trailing-edge control were set with the aid of an
electrical control-position indicator mounted inside the wing at thé hinge
line and were checked with a cathetometer mounted outside the tunnel. The
pressure distributions were determined from photographs of the multiple-
tube manometer boards to which the pressure leads from the model orifices

were connected. Configuration I had pressure orifices on both upper and
lower surfaces of the wing and control. The remaining configurations did

not have orifices on the lower surface of the control.
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Range of Conditions

All the configurations were tested for an angle-of-attack range
from -15° to 15° for a control deflection of 0°. Configurations A, B,
C, H, and I were also tested for a few control deflections up to +20°.
The tests were made at tunnel stagnation pressures of 13.0 and 15.1
pounds per square inch absolute at Mach numbers of 1.61 and 2.0L, respec~-

tively, corresponding to a Reynolds number of 3.6 x lO6 based on the wing
mean aerodynamic chord. In order to insure a turbulent boundary layer
over the model during the tests, 3/l6-inch-wide strips of No. 60 carbo-
rundum were attached to the wing upper and lower surfaces at a distance
of 1/4 inch from the leading edge. These strips completely spamned the
model except within 1/4 inch of the orifice stations.

PRECISION OF DATA

The mean Mach numbers in the region occupied by the model are esti-
mated from calibrations to be 1.61 and 2.0k with local variations being
smaller than +0.02. There is no evidence of any significant flow angu-
larities. The estimated accuracies in setting the wing angle of attack
and control deflection are +0.05° and tO.lO, respectively. The basic
measured quantity Cp is believed to be accurate to +0.0l.

RESULTS AND DISCUSSION

Pressure Distributions

Basic distributions.- Selected upper-surface pressure distributions
at the five spanwise stations for the basic configurations without spoil-
ers are presented in figure 2 and for the configurations with spoilers
in figure 3. The distributions are shown for angles of attack of 0°,
+6°, and +12°, the full-span control being undeflected. Distributions
were actually obtained for angles of attack from -15° to 15° at 3° incre-
ments. The complete tabulated data for these tests are presented in
tables 2 to 11. In figure 3, the spoiler-off curves are repeated as
dashed lines so that the effect of the spoiler becomes readily apparent.
The spoiler location at each station is denoted by the vertical long-

dashed line.

In general, the changes in pressure distribution due to the spoiler
are the same as have been shown in previous pressure tests (that is,
refs. 4 to 8). Some distance ahead of the spoiler, flow separation
causes a rapld pressure increase followed by an area of relatively

=SSNl
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constant pressure up to the spoiler face. At the spoiler, a rapid accel-
eration of the flow results in a negative pressure peak which in turn is
followed by a recompression of the flow in which the pressure approaches
that for the spoiler-off configuration at some distance downstream. Due
to the fact that the pressure orifices were generally located along lines
of constant percent chord and the spoilers were not so located, it was
impossible always to provide an orifice immediately ahead of the spoiler
base. Such an orifice would be required to pick up the-secondary pressure
rise occurring because of the stagnation of the circulatory flow in the
separated region. (See ref. 5.)

As the wing angle of attack is decreased and the local Mach number
is decreased, the separation point moves slightly forward and the initial
pressure rise increases. (See fig. 3.) The forward movement of the sep-
aration point with decreasing Mach number was shown in reference 9 and
indications are that the movement is greater as the supersonic local Mach
number approaches unity. This movement of the separation point would
tend to make the separation angle less and thus would reduce the pressure
rise. A decrease in local Mach number for a given separation angle,
however, tends to increase the pressure rise. Apparently, the pressure
rise due to the change 1n separation angle for these conditions is small
as compared with the pressure rise due to the Mach number change.

Immediately downstream of the spoiler, there is little change of
the pressures with changes in angle of attack. In all cases, the accel-
eration at the spoller approaches the vacuum pressure, which is
Cp = -0.35 at M, =2.01 and CP = -0.55 at M, = 1L.61. Further down-

stream, the recompression is much greater at the negative angles of attack
as might be expected due to the higher pressure from which the initial
disturbance started and to which the flow tends to return.

In reference 9, it was shown that the pressure distributions over
spoilers on a flat plate were almost identical when plotted so that the
chordwise distances were based on spoiler height. Because of the three-
dimensional nature of the flow over the spoilers on the wing in the pres-
ent tests, such a correlation would not necessarily be expected. Exam-
ination of the pressure distributions for configuration F (fig. 3(f)),
however, shows similar loadings due to the spoiler at all stations except
for the a = -12° condition where leading-edge shock detachment causes
an additional effect at the outboard stations. Since this configuration
has a spoiler height of 5 percent of the local chord and the pressure
distributions are based on the local chord, comparison of the distribu-
tions at various stations is the same as if the plots were based on
spoiler height. The spanwise effects that do show up in figure 3 that
cammot be accounted for on a spoller-height basls may be attributed to
the wing-tip vortex at station 8 and to the boundary layer on the bypass
plate at station 1.
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Comparison with flat-plate results.- A comparison of the increments
in surface-pressure coefficient ACP generated by the presence of the

spoiler on the wing with the pressure-coefficient increments induced by
the same height spoiler on a flat plate (configuration 3 of ref. 5) is
shown in figure 4. An angle of attack of 0° was chosen for this illus-
tration because, at this angle, the local Mach number on the flat mid-
section of the wing is near the free-stream value and the effect of the
spoiler can be compared with available flat-plate data at equal local
Mach numbers. To simplify the comparison further, the pressure-increment
distribution has been plotted as a function of the distance ahead of or
behind the spoiler in spoiler heights. The dashed vertical lines indi-
cate the relative position of the wing spoiler to the wing leading and
trailing edges and to the 0.3- and O.7-chord points where the corners in
the wing surface occur due to the intersection of the leading- or
trailing-edge wedges with the flat midsection.

The results of figure 4(a) indicate that, for the full-span unswept
spoiler configuration G, the agreement with the flat-plate results of
reference 5 is excellent except for the tip station (station 8). At
this station, the present tests indicate both a decrease in the pressure
rise and a decrease in the chordwise extent of the pressure increase as
compared with the two-dimensional flat-plate pressures. This effect is
ascribed primarily to spillage around the spoiler and wing tips. The
reason for the expansion just ahead of the spoiler at this station is
not known but, on the basis of figure 5(a) in reference 5, appears to
be a consequence of the flow phenomenon about the spoiler tip alone.

The expansion and compression behind the spoller were not affected to
any extent by the proximity of station 8 to the wing and spoiler tips.
Another observation of interest is that the flow behind the spoiler is
apparently independent of the relative position of the wing trailing
edge, the viscous wing wake and flow from the other side of the wing
effectively providing the same sort of barrier to the upper surface flow
as that provided by the wing itself.

The results presented 1n figure 4(b) indicate that, when the spoiler
is located so as to cause boundary-layer separation ahead of a corner in
the wing surface, the agreement between the present results and those of
the flat-plate investigation 1s no longer good. In general, there is a
tendency for the pressure distribution to become more triangular and for
the pressure rise to become greater. The greater pressure rise may be
due in part to the lower Mach number prevailing at the separation point.
Behind the spoiler, however, the existence of a corner in the wing sur-
face is of no apparent significance.

At angles of attack, of course, the local Mach numbers on the upper
and lower wing surfaces change from the free-stream value and a direct
comparison is no longer possible. An empirical method can, nevertheless,

SO
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be used to cor the pressures shead of the spoiler with those of

reference 5. Briefly, the correlation procedure consists of taking, at
an angle of attack, the increment in pressure coefficient existing
between any point in the separated flow region and the pressure coeffi-
cient at the point of separation and correcting this increment from the
local Mach number at the separation point to the Mach number at which

the correlation is desired. The local Mach number was computed from the
local static pressure, negligible loss in entropy due to the wing
leading~edge shock being assumed. The correction factor is obtained by
assuming that all pressure-coefficient increments within the region are
increased or decreased in the same proportion as the first-peak pressure-

rise ratio and that the change in peak pressure-rise ratio with local

Mach number follows the theoretical predictions of reference 10 for the

separation of a turbulent boundary layer. This prediction is plotted

in figure 5 and is compared with the first-peak pressure-rise ratios
determined at station 4% on configurations C and G at various local Mach
numbers (angles of attack). The agreement is shown to be good for both
configurations and at both test Mach numbers. In equation form, the cor-
rected pressure-coefficilent increment is given by

Thea 11ced +

e c c T2 o1
pcorr.=(px- ps> - -—
’ ’ 77N A\PL My =My \P2 )My =M

For these tests, it was further assumed that the separation-point loca-
tion was not affected by moderate changes in local Mach number, although
for cases where the movement of the separation point may be of importance,
it can be accounted for by "stretching" or "shrinking" the separated-

flow region according to the indications of figure 3 in reference 9.

Some correlation results obtained with the procedure described above are
illustrated in figure 6 for values of M, of 1.61 and 2.01. Also plotted
in figure 6 are the actual pressure coefficients for the flow behind the

spoiler.

In general, the agreement between the corrected pressure-coefficient
increments and the flat-plate data of reference 5 is very good. At high
positive angles of attack, there is some tendency for the corrected incre-
ments to be somewhat low, possibly because of the increased thickness
of the boundary layer on the upper wing surface resulting from the high
local Mach numbers. At high negative angles, the agreement again tends
to break down for the tests at M, = 1.61 because the local Mach number
is so low that shock-detachment effects are being superimposed over the

usual separation effects.
Behind the spoiler, the mechanism controlling the expansion 1s not
the same as that controlling the separation and, hence, the correlation

procedure described for the flow ahead of the spoiler cannot be applied.
Also, from figure 3, it can be seen that there is a considerable change

GO
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in the Incremental pressures due to the spoiler with changes in o. As
noted previously, however, and shown again in figure 6, the actual pres-
sure coefficients are only slightly affected by «, the most notable fea-
ture being the decreased rate of compression at high positive angles of
attack and an increased rate at high negative angles as compared with
the flat-plate results.

Effect of configuration changes.- Comparison of the pressure dis-
tributions for configurations B, C, and G (fig. 3) shows the effect of
rearward movement of the full-span spoliler. The rearward shift in the
spoiler causes essentially a rearward shift of the incremental pressures
due to the spoiler, as might be expected, with some modifications due to
the airfoil thickness distribution as discussed in the previous section.

In an attempt to show the effect of spoiler sweep on the pressure
distributions, the distributions for configurations A and B at station T
and configurations A and C at station 8 are compared in figure 7. These
stations and configurations were chosen so that the spoiler chordwise
locatlion would be identical in either the swept or unswept case. OFf
course, using station 8 introduces additional complications due to the
wing-tip vortex; however, a rough assessment of the sweep effect can be
made. Over most of the range, the change in sweep from 0° to 23° caused
an increase in the upstream influence of the spoiler and an accompanying
increase in pressure ahead of the spoiler. This effect was noted previ-
ously in reference 5 for stations located some distance from the spoiler
apex, as were stations 7 and 8. In the present tests no comparison was
made between a swept and an unswept spoiler located inboard and at approx-
imately the same chordwise positions. The change in pressure distri-~
butions along the span shown in reference 5 would indicate that at the
inboard stations an unswept spoiler located at the same chordwise posi-
tion would produce increased pressures over those produced by the swept
spoiler tested herein. The distributions downstream of the spoilers
(fig. 7) do not show any consistent trend due to sweeping the spoiler.

In order to evaluate the effect of _removing the portions of the
spoiler tips, the pressure distributions for configurations C, D, and E
are plotted for comparison in figure 8. Configuration C is a full-span
spoiler. Configuration D was obtained by removing the spoiller tips to
within 1/2 inch of stations 3 and 7. Configuration E was obtained by
further removing the spoiler tips to 1 inch beyond stations 3 and 7. At
station 4 the spoiler cutoffs cause little change in the pressures
except in the region ahead of the spoiler at a = -12°. In reference 8,
it was shown that the spoiler tip effect extended inboard on the spoiler
approximately four spoiler heights and outboard approximately two and
one-half spoiler heights for a trailing-edge type of spoiler at
M, = 1.86. 1In the present tests, station 4 on configuration D is approx-
imately 12 spoiler heights distant from the spoller tips; it therefore
appears that the extent of spanwise influence of the spoiler tips is

GO
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greatly increased as the local Mach number ahead of the spoiler approaches
unity. At stations 3 and 7, the first cutoff causes a reduction in pres-
sures ahead of the spoiler but little change downstream. When the spoiler
is cutoff beyond these stations, the pressures ahead of and behind the
spoiler location decrease and the acceleration at the spoiler location
becomes more gradual. Also, the positive and negative pressure peaks
occur at a more rearward position along the chord relative to the spoiler.
At still greater distances from the spoiler tip (stations 1 and 8), these
regions of positive or negative pressure are back still farther so that
the negative pressure region has been swept off the wing and only the
effects of the positive pressure rise are discernible near the trailing

edge.

In order to examine in more detail the pressure distributions
caused by the 5-percent mean-aerodynamic-chord-height spoiler (config-
uration C) and the 5-percent local-chord-height spoiler (configuration F),
figure 9 shows the incremental pressure distributions due to the spoiler
for these two configurations. Inboard the 5-percent local-chord-height
spoller tends to give more positive pressures ahead of the spoilers and
outboard the 5-percent mean-aerodynamic-chord-height spoiler tends to
glve more positive pressures. These changes are in the direction that
would be anticipated from comparison of the local height differences for
the two configurations. Downstream of the spoilers there are only small
differences at the inboard stations; however, at stations 7 and 8, the
5-percent mean-aerodynamic-chord-height spoiler produces more negative
pressures than does the 5-percent local-chord-height spoiler.

The effect of increasing the gap behind the spoiler (see fig. 1)
from 0.0l inch to 0.20 inch is shown by figure 10 to be primarily an
effect downstream of the spoiler. In every case, increasing the gap
increased the pressure in this region and therefore increased the 1ift
effectiveness of the spoiler. This change in pressure is in direct
opposition to the change in pressure found te be due to increasing the
gap on the wing without a spoiler in reference 2. The reason for this
difference is not understood at present. Note also that, as the angle
of attack 1s increased, this pressure change due to the gap is increased.

Effect of Mach number and control deflection.- The effect of
increasing the Mach number from 1.6l to 2.0l on the incremental pressure
distribution on configuration C is shown in figure 11. As the Mach
number is increased, the magnitude of the pressure-coefficient incre-
ments due to the spoiler is decreased. This is in agreement with the
Mach number effect found in the flat-plate tests of reference 5.

In order to examine the flow characteristics over a full-span
spoiler-flap combination, the pressure distributions have been plotted
in figure 12 for configuration C with and without the spoiler, with the
trailing-edge control deflected to -20°, 0°, and 20°, and for angles of
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attack of -60, OO, and 6°. The results are similar to those previously
presented in reference 4 on a delta wing; however, the distributions in
these tests are more accurate because of the greater number of orifices.
Deflection of the control to © = £20° had no effect on the pressures
measured ahead of the spoiler. Downstream of the spoiler, control deflec-
tion caused considerable change, especially when the control is deflected
toward the spoiler. At positive control deflections, the effect is small
because either the spoiler or control alone tend to make the pressures

on the conmtrol approach vacuum pressure and the superposition of the two
effects causes only secondary changes. At negative control deflections,
however, the effects of the spoiler and of the control are in opposition
so that the net effect of the control deflection appears much greater.

The incremental pressures due to the spoller from figure 12 have
been plotted in figure 13 to show the changes with control deflection or
angle of attack. The pressures measured ahead of the spoiler are inde-
pendent of control deflection (fig. 13(a)) except at a negative angle
of attack with a negative control deflection, where the control alone
caused flow separation at the inboard stations and the increment due to
spoiler is therefore less. Downstream the changes in the pressures over
the control due to the spoiler increased as the control deflection
decreased from 20° to -20°. The change in incremental pressures ahead of
the spoiler with angle of attack (fig. 13(b)) is essentially what would
be expected due to the decrease 1in local Mach number as the angle of
attack is decreased.

Spanwise Loadings

Total loadings.- The spanwise normal-force and pitching-moment
loadings for the various test configurations, determined by a step inte-
gration of the chordwise pressure distributions shown previously, are
presented in figures 14 and 15. The contributlon of the lower surface
pressures to these loadings was determined from the distributions of the
basic configurations without the spoilers (fig. 2). Because of the rapid
changes in pressure along the chordwise rows due to spoiler-induced sepa-
ration and reattachment, and the lack of sufficient orifices in certain
critical areas, 1t is to be expected that some errors in the section
coefficients will exist due to the step-integration procedure. These
errors should tend to average out in the integrations of the spanwise
loadings in determining the total force and moment coefficients.

In general, all the spoilers tested decreased the normal-force
loading over the span of the spoiler as was desired (fig. 14). The
effectiveness of the spoiler in producing a negative 1lift increment
tended to increase as the angle of attack was decreased or as the spoiler
moved rearward. Configurations A and B, having the most forward spoiler
locations, caused a decrease in the pitching moment, the decrease being
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greatest at the negative angles of attack. As the spoiler was moved
rearward, the pitching-moment increment became positive first at the
positive angles and then at all angles as the spoiler reached the
trailing edge (configuration I).

Incremental loadings.- In order to examine in more detail the load-
ings due to the spoilers, the incremental spanwise normal-force and
pitching-moment loadings are shown in figures 16 and 17. The most
obvious conclusion from these figures is that the spanwise-loading varia-
tions due to the spoilers are very erratic. From the discussion of the
pressure distributions due to the spoiler, the importance of the relative
location of the spoiler to corners of the airfoil section was shown.
Also, although the independence of the pressure distribution downstream
of the spoiler with the location of the wing trailing edge was shown,
when the pressure distributions are integrated the relative location of
the spoller with the wing trailing edge becomes lmportant because the
integration ends at the trailing edge, whereas the reattachment of the
flow may not be completed at this point. These relative locations of the
spoiler to the corners or to the trailing edge vary across the span for
most of the configurations tested 1n the present tests. It appears that
a greater number of spanwise stations would be necessary to isolate the
reasons for the local variations, particularly in view of the inherent
scatter caused by the integration procedure used herein.

Despite the problems just mentioned, the variation of the incre-
mental loadings due to the spoiler with angle of attack in figure 18
tend to show very consistent trends. The swept-spoiler configuration A
shows greatest lifting effectiveness at an angle of attack of 0° and
decreasing effectiveness-as a increases positively or negatively. The
pitching moment decreases uniformly across the span as a increases.
The full-span unswept configurations generally show a decided decrease
in incremental normal force and pitching moment with increasing angle of
attack and the greatest change occurs for the inboard stations. The
partial-span configurations D and E show reversals in normal force and
changes in sign in pitching moment at the stations beyond the spoiler
tips due to the aforementioned sweepback of the spoiler high- and low-
pressure regions and the consequent movement of the low-pressure region
off the wing. WNote that, at negative angles of attack, considerable
normal-force loading remains at these stations beyond the spoiler tips.

Integrated Coefficients
Total coefficients.- The variations of 1ift, bending-moment, and

pitching-moment coefficients with angle of attack for the test configura-
tions with and without the spoilers are presented in figure 19. These

were determined from integrations of the spanwise loading plots of fig-

ures 14 and 15. The variations of all the coefficients with angle of

L e
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attack are smooth and the coefficients increase with angle of attack
throughout the test range. The change in lift and bending moments pro-
duced by the spoilers is approximately constant for all the full-span
spoilers tested. The change in pitching moment is greatest for con-
figurations A and I, which are the two conflgurations most distant from
the selected moment center at the midchord of the mean aerodynamic chord.

Incremental coefficients.- In order to examine in more detail the
effect of configuration changes on the spoiler effectiveness in producing
1ift, bending moment (rolling moment), or pitching moment, the incre-
mental coefficients due to the spoilers are compared in figures 20 to 25.
From the configurations tested, it is impossible to isolate the effect
of spoiler sweep; however, figure 20 shows a comparison of configu-
rations A and B for which the sweeps are different whereas the average
chordwise locations are as near as possible. At negative angles of
attack, the late reattachment of the flow downstream of the swept
spoiler (see fig. 3) causes a large loss in 1ift and bending-moment
effectiveness. The more negative pitching-moment increment due to the
swept spoiler is primarily due to its more forward location. This effect
is emphasized in figure 21 where rearward movement of the spoller is the
only variable. In thils range of chordwise locations, only small varia-
tions in 1lift and bending moment occur, whereas sizable changes in
pitching moment result.

Further rearward movement of the spoiler to the trailing edge would
increase the incremental 1ift and bending moment and cause reversals in
the pitching-moment increment. (Note the effectiveness of the 2-percent
mean-aerodynamic-chord spoiler at the wing trailing edge, fig. 19(1i).)
The favorable effect of rearward spoiler locatlion on the 1ift or rolling-
moment effectiveness has been shown previously in references 6, 8, 11,

and 12.

Reduction of the span from 100- to 58- to 48-percent semispan
(fig. 22) caused continuous decreases in the incremental 1ift, bending
moment, and pitching moment except for the pitching moment at positive
control deflections. Comparison of the 5-percent mean-aerodynamic-chord-
height spoiler to the 5-percent-local-chord-height spoiler (fig. 23)
showed negligible change in the spoiler incremental force and moment
coefficients. It should be remembered that, if this comparison had been
made on partial-span inboard or outboard spoilers, one or the other would
have been superior depending on the spanwise location, because of the
local variations with height shown in the pressure-distribution section.
Increasing the gap behind the spoiler (fig. 24) increased the incremental
spoiler lift and bending moment at all angles of attack and made the
pitching moments more positive at the positive angles of attack. These
changes are a result of the reduction in positive 1ift downstream of the
spoiler due to increasing the gap size. Finally, increasing the Mach
number (fig. 25) caused a decrease 1n the incremental spoiler 1lift,
bending moment, and pitching moment at the negative angles of attack.
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CONCLUSIONS

An investigation has been made at Mach numbers of 1.61 and 2.01 to
examine the characteristics of several spoiler-type controls on a trape-
zoidal wing. From an analysis of the chordwise pressure distributions,
spanwise loadings, and integrated coefficients, the following conclusions
may be made.

1. The incremental pressure distributions due to the spoiler were
in excellent agreement with previous flat-plate results as long as the
spoiler was not located too close to a break in the wing surface or to
the wing tip.

2. The effect of angle of attack on the pressures measured ahead
of the spoiler could be predicted fairly well by a pressure-rise cor-
relation. Angle of attack had little effect on the pressures measured
downstream of the spoiler.

3, Deflecting a full-span trailing-edge flap-type control behind a
full-span spoiler had no effect on the pressures measured ahead of the
spoiler but had a large effect on the pressures behind the spoiler,
particularly when the control deflection was toward the spoiler.

4, In general, the spanwise loading due to the full-span spollers
was dependent upon the relative location of the spoilers to the corners
in the wing section and to the wing trailing edge. Beyond the tips of
the partial-span spoilers, a carryover of normal force due to the spoll-
ers was evident and the pitching moment due to the spoilers became more
positive because of the rearward influence of the spoiler pressures and
the consequent movement of the negatlve pressures from behind the spoiler
off the wing.

5. The effectiveness of the spoiler in reducing wing 1lift and
bending moment was generally increased by rearward movement of the
spoiler, increasing the spoiler span, increasing the gap behind the
spoller, or, at negative angles of attack, by decreasing the Mach
number.

6. The incremental pitching moments due to the spoiler generally
became more negative with forward movement of the spoiler or by
decreasing the gap behind the spoiler, and, at negative angles of
attack, by increasing the spoiler span or decreasing the Mach number.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 2, 1956.
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TABLE 1
CHORDWISE LOCATIONS OF ORIFICES

IN FRACTIONS OF cg FROM APEX

[station spanwise locations shown in fig. 1]

Orifice number Stations
Upper Lower
surface surface 1 3 b T 8
1 17 0.034 0.157 0.275 0.39 0.469
2 18 .093 .203 .308 L1k 482
3 19 162 .260 354 A4 .509
I 20 .260 342 1420 .L9g 549
5 21 .358 A23 485 548 .588
6 22 456 .505 551 .598 628
7 23 .55k .586 617 648 667
8 2k .603 627 .650 673 687
9 25 .652 667 682 697 .T07
10 26 .701 .708 715 722 727
11 27 57 L157 S37 ST NGY
12 28 157 751 .750 748 STAT
13 29 JTTh L7169 .76k . 760 .756
1k 30 .838 .822 .807 .792 782
15 31 .902 875 .850 .82k .808
16 32 976 .934 .893 .852 .826
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Pressure  Coefficients
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Table 3

Pressure  Coefficients

Wing-surface

Configuration g

R=
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Pressure  Coefficients

Wing—surface.
Configuration g
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Table 3 continued

Wing-surface

Configuration g

Pressure  Coefficients

36 x 108

R

M= 161

ARMETNOEDROHNMEW B
et e

OMROOMARNCONNOM
NNRSMNO VOO RONN -
N OT T MMMR Ty T e

Pe s et e e s

HUMTNI+DOOHNMET NG
: A

HAMeNOEDRAOHNRM T O
ettt e

VR EAO e D000
NNAND T QOO
MANOO T TMMNNYT T TY

R

LI I R I I I R S B I B I |

CTHROHNANONODAMTO N
CRACNASTNO TN AD -0
RAHYOVNIDMNAAAHHAOO O

LR R I N I AP AR

VETRNONRONNETNMNO ¢ O
EAEHOANDNNORNHMO O
AN HOCEN MMM N -

D

ria L I T T B I I I I |

MOIMMONSONRAVIYOW
EStMNAMOT0ODHON MO
MMENCOQOTTTMMMMnnN

NAOECTNTATOOMCOO
RADAC+LTOIANC-DOCT Y
DT T T o R R R

LI R Y I B A )

It "
@ @
MATNONVRHOOSHD AN NO- A TSNNSO DVACMNCORNDNARIA DD
VOOWMMBINNOVTNN OO VWOV OMNAONAD OO VOO NMCWONND O N
NANROO-HETMMANMN MR MONNRCoODTTMMMMNNM ™ NARWO-OMNMANA-AHO DO
[+ L]
| (18]
Lt L I A A | RIJ__—___-_____.._ _ LI I R I B A |
[0} n
L L]

SHEEODVONSNORAANO
NOOHDNNYMNw e NODN
NNRNHOOOTMNMNMNNN

VETANDANTNOANO R el
HOVOTETITMNTVOHADONTO
MANANHOOOTMIMMMNANN

L N N

TIRATRAAC>TODONH =D
DEVON-VNORROTT ¥
WANNNNO-MNHOOO00 O

CORAO ANV NNODTO O
MENEMNTODS-AMNON000
NN HoO TN N

[ I [ O B B

OHTOMOEHACO HHO ™
VHAOVETMMECNOD DY
WNARRNOOTTMMME QR

OTVTOVMNNDNNAN O™ OO
NOADOATOM AN DO MM
NHAHO T TNMNHOO0O0O

Frac e

=
©
S
7
[
~
g
0|
©
&
0
. O
g %
2]
| &
<
g &
3
| e
©
g
»
o
&
&
=
S

HUMTOFOAD HAM T WO
A

HUNTDOSOAO AN T DD
Aot et

ARMNETNUVRDAOHRNT VY
el A Ao




27

Q
&
\\o]
0\
1
<
O
g

Table 3 contin

Pressure  Coefficients

Wing—surface

Configuration g
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Table 3 concluded

Pressure  Coefficients

Wing—surface

Configuration B
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4 continued

Pressure

Toble
Wing~—surface

Configuration ¢

Coefficients
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4 continued

Pressure

Table

Wing-surface

Coefficients
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Table 4 continued
Wing-surface  Pressure
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Table 4 continued
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Toble 4 continued
Pressure

Wing-surface

Configuration ¢

Coefficients
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Toble 5
Wing-surface  Pressure
Configuration D
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continued

Table S
Wing—surface  Pressure

Configuration D
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Toble 7
Wing-surface Pressure  Coefficients

Configuration F
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7 continued
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Pressure  Coefficients

Toble
Wing-surface
Configuration ¢
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Figure 1.~ Sketches of the nine spoiler configurations.
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Figure 1.- Concluded.
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Figure 2.~ Upper-surface pressure distributions for the four basic wing
configurations without the spoilers. & = Q°,
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(b) Configuration H; M = 1.61,

Figure 2.~ Continued.
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(c) Configuration I; M = 1.61.

Figure 2.- Continued.

ol

22H9CT W VOWN



eSS

22E9GT W VOVN

0 5 10 O 5 10 O 5 10 O 5 10 0 5 10
X

c
Sta | Sta 3 Sta 4 Sta 7 Sta 8

(d) Configuration C; M = 2.01.

Figure 2.- Concluded.
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(a) Configuration A; M = 1.61.

Figure 3.~ Upper-surface pressure distributions for the nine spoiler con-

figurations. & = 0°. Vertical long-dashed lines indicate spoiler
location.
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(d) Configuration D; M = 1.61.

Figure 3.- Continued.
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Figure 10.- Comparison of the incremental pressure distributions to show
the effect of increasing the gap behind a spoiler. M = 1.61.
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(a) o = -6°.

Figure 12.- Upper-surface pressure distributions for configuration C with
a full-span flap-type trailing-edge control. M = 1.61.

22H9¢T W VOWN

66




100 SONFERENE NACA RM L56E22

10

Sta

. Spoiler—_| |-l |
5

(b) « = 0°.

Flgure 12.- Continued.




Sta | Sta 3

(¢) a = 6°.

Figure 12.- Concluded.

22H9GT W VOVN

TOT



102 . CONPIRRER, NACA RM L56E22

Sta 8

M = 1.61.

Sta 7 %

Sta 4

(a) Effect of control deflection.

Sta 3

a full-span flap-type trailing-edge control.

Sta |
Figure 13.- Incremental pressure distributions for configuration C with

a, deg




NACA RM L56E22

Sta 7

Sta_4

0 xjo

10

Sta 3

__Sta l__

-8

(b) Effect of angle of attack.

Figure 13.~ Concluded.



a, deg
e || .
TR
]
\\\
a5 6 T
—_—— =0 —~
g P T:::f:::‘**--~\ﬂ}\\§\~t:::?:¥%
T ‘*~-41\_\\\‘~\\\\ﬂ}
. \ >
Ch £ Or—0— ___fl_ﬁ_‘ - o ::g
T —_— _ &
— —— |5 —
[ =6 5 1 E——— /'/%
—-4—0 — — ] . 1;§//1
e | e
) R — _——/’:"‘:% : .
| ~12 e B | ‘ |
J— ; |
O e ’ ‘
_,81 /
P i
—1.2: ; : }
! } i : Spoiler
,' | f © Off
. : ‘ ! o} On
~1.6; k : ‘
0 J 2 3 4 5 6 7 .8 9
2y
b

(a) Configuration A; M = 1.61.

Figure 1lk.- Spanwise variations of the section normal-force coefficients
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(a) Configuration A; M = 1,61.

Figure 15.- Spanwise variations of the section pitching-moment coefficients
for the nine spoiler configurations.
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Figure 16.- Spanwise variations of the incremental section normal-force
coefficients for the nine spoiler configurations.
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Figure 17.- Concluded.

eHT



1l CONT PR NACA RM I56E22

(a) Configuration A; M = 1.61.

Figure 18.- Incremental section normal-force and pitching-moment-coeffi-
cient variations with angle of attack.
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Figure 18.- Continued.
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(c) Configuration C; M = 1.61.

Figure 18.- Continued.
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Figure 18.- Continued.
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(e) Configuration E; M = 1.61.

Figure 18.- Continued.
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(f) Configuration F; M = 1.61.

Figure 18.~ Continued.
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Figure 18.- Continued.
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Figure 18.- Continued.
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Figure 18.- Continued.
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(3) Configuration C; M = 2.01,

Figure 18.- Concluded.
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(a) Configuration A; M = 1.61.

Figure 19.- Variation of the wing 1lift, bending-moment , and pitching-
moment coefficients with angle of attack for the nine spoiler
configurations.
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(b) Configuration B; M = 1.61.

Figure 19.-~ Continued.
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(c) Configuration C; M = 1.61.

Figure 19.- Continued.
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(d) Configuration D; M = 1.61.

Figure 19.- Continued.
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(e) Configuration E; M = 1.61.

Figure 19.- Continued.
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(f) Configuration F; M = 1.61.

Figure 19.- Continued.

i i
1 Spoiler i
| o Off i giq
i O On

2eH9CT W VOVN

65T



Spoiler
o Off
o On

R
il ..illﬁlili!!i!ﬂlmiiiélﬂl =

a, deg

(g) Configuration G; M = 1.61.

Figure 19.- Continued.
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(h) Configuration H; M = 1.61.

Figure 19.- Continued.
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(1) Configuration I; M = 1.61.

Figure 19.- Continued.
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Figure 19.- Concluded.
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Figure 20.- Variation of the incremental 1ift, bending-moment, and
pitching-moment coefficients with angle of attack to show the effect
of spoiler sweep. M = 1.61.
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Figure 2l.- Variation of the incremental 1ift » bending-moment, and
Pitching-moment coefficients with angle of attack to show the effect
of rearward movements of the spoiler.
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Figure 22.- Variation of the incremental 1lift, bending-moment, and
pitching-moment coefficilents with angle of attack to show the effect
of reducing the spoiler span. M = 1.61.
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Figure 23.- Variation of the incremental 1ift, bending-moment, and
pitching-moment coefficients with angle of attack for the 5-percent-
chord-height and the 5-percent mean-aerodynamic-chord-height spoiler
configurations. M = 1.61.
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Figure 24.- Variation of the incremental 1ift, bending-moment, and
pitching-moment coefficients with angle of attack for the 0.0l-inch
gap and the 0.20-inch gap configurations. M = 1.61.
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Figure 25.- Varlation of the incremental 1ift, bending-moment, and
pitching-moment coefficients with angle of attack for configuration C

at the two test Mach numbers.
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