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HINGE-MOMENT AND EFFECTIVENESS CHARACTERISTICS OF AN
ASPECT-RATIO-8.2 FTAP-TYPE CONTROL ON A 60° DELTA WING
AT MACH NUMBERS FROM 0.72 TO 1.96

By Lawrence D. Guy
SUMMARY

An investigation of a semispan-wing-—fuselage model having a
60° delta wing with an aspect-ratio-8.2 blunt trailing-edge flap-type
control was conducted in the Langley 9- by 12-inch blowdown tunnel.
Control hinge-moment and effectiveness cheracteristics were obtalned
over an angle-of-attack range of T10° at control deflections up to 90°.
At the highest deflection the control could be considered ss a spoiller.
Date were obtained at Mach numbers from 0.72 to 1.96.

The control showed positive effectiveness in 1ift and rolling moment
throughout the Mach number, angle-of-attack and control-deflection range
of the investigation. At small deflections the effectiveness (based on
control moment sress) was at least as grest as that of & more conventionsl
aspect-ratio-l.} sharp trailing-edge control. At moderate angles of
attack with the controls acting as ailerons deflected to produce a given
roll rate, the magnitude of the hinge moments for the high-aspect-ratio
control were much smaller then for the aspect~ratio-i.i control of NACA
RM I54G12a at all speeds and showed less change with Mach number et tran-
sonic speeds. This result was in asgreement with the theoretical analysis
of minimum hinge-moment controle presented in NACA TN 3471 and also
illustrates the advantage of using small controls with large deflections
to obtain low hinge moments for a given rate of roll.

INTRODUCTION .
T

At supersonic speeds the msgnitude of control forces on airplanes
and missiles is such as to requlre large power-boost systems that add to
the size, welight, and complexity of the aircraft. A need therefore
exists for reduction of the control forces by aerodynamic mesns. One
spproach to a solution of this problem has been made in reference 1
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wherein various unbalanced trailing-edge controls were analyzed theoreti-
cally to determine those having minimum hinge moments due to deflection
at supersonic speeds. This analysis indicated that, when the required
control size and plan form i1s not restrictive, maximum retios of 1ift to
hinge moments are obtained with untapered high-aspect-ratlo controls.
Also, for & glven control shape the importence of using smell controls
with high deflections for obtalning large ratios of rolling moment to
hinge moment was illustrated. At transonic speeds, experimental evidence
(ref. 2) has indicated that smell chord controls may heve hinge moments
less affected by compresgibility than the more conventional types. In
order to obtain Information on these premises, a 60° delte wing equipped
with an aspect-ratio-8.2 untapered control has been investlgated at tren-
sonlc and supersonic speeds in the Langley 9~ by 12-inch blowdown tunnel.

The control was located at the wing trailing edge and had an unswept hinge

line.

Hinge-moment and effectiveness characteristices of the control were
obtained for an angle-of-attack range of 110° at Mach numbers from 0.72
to 1.96. Control deflections up to 90° were investigated to determine
the behavior of the control as & traliling-edge spoiler. The average

Reynolds mumber of the investigation varied between sbout 2.k X 100 and
3.4 x 106. ' '

SYMBOILS

The measured serodynemic forces snd moments were reduced to sténdard
nondimensional coefficients and were referred in all cases to the wind
axes.

A aspect ratio

b wing span, twice distance fram rolling-moment reference axis to
wing tip .. : .

be control-surface span - - - -

c local wing chord

) meean aerodynemic chord of wing -

Ce control chord behind the hinge line B

Ce mean serodynamic chord of portion of control behind hinge line

cf,l value of Ce for control of reference 3
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drag coefficient, D_%;_.g

increment in drag coefficient due to angle of attack and/or
control deflection

Hinge moment
gbsTe>

control hinge-moment .coefficilent,

increments in gross rolling-moment coefficlent, 1ift coef-
ficient, and pitching-moment coefficient, respectively,
due to deflection of control surface

gross rolling-mament coefficient (rolling-moment reference

axis shown in fig. 1), Bolling moment
2q5Sb

1ift coefficient, Iift
. as
piltching-moment coefficient (pitehing~moment reference axis

Pitchl %
located at 0.25g), Eite zgs_emomen

projection of control trailing edge from wing surface at
hinge line in direction normal to wing-chord plene (positive
trailing edge down)

Mach number

maximum deviation from average test-section Mach number

free-streem dynamic pressure

Reynolds number based on mean aerodynemic chord of wing

semispan wing aree (including sres blanketed by half-body
of revolution)

5 -5
deflection work, 2qbf6'f2 f cha_(;._3) + f Chd<576 5)}
0 . 0 .

chordwise center-of-pressure location of ACT
engle of attack measured with respect to free stream

control-surface deflection measured perpendicular to hinge
line from wing-cherd plane (positive trailing edge down), deg

TGS
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Subscripts: -

ed partial derivative of coefficlent with respect to a —

® partial derivative of coefficient with respect to B

by flap ; . - B

DESCRIPTION OF MODEL

The principal dimensions of the semlspa.n-wing-body combination _
are given in figure 1. The wing had a delta plen form with 60° leading-
edge sweepback and a corresponding aspect ratio of 2.31. The main wing
panel, exclusive of the control surface, was of solid steel and had
4-percent-thick hexagonal airfoil sections modified at the leading and
trailing edge by a small radius. A body cofisisting of. a half-body of
revolution together with 0.25-inch shim was integral with the main wing
panel for all tests.

The constant-chord partial-span control surface was located at the
wing tralling edge such that the control inboard end was adjacent to the
fuselage and the control extended spanwise to sbout O. 65b/2. The control
was machined of heat-treated steel snd had a constant thickness of
0.0084kE. The control was hinged to the main wing panel by a 0.04O-inch- ____
diameter steel pin at the outboard end. At the inboard end, a 0.109-inch-
diameter shaft machined integral with thé comtrol surface was supported
by a besring within the test body and restrained by a clamp.

TEST TECHNIQUE

The semispan model was centlilevered from & five- ca‘mponent strain-
gage balance which mounts flush with the tunnel floor and rotates with
the model through the angle-of-attack range. The serodynamic forces
and moments on the semlspan wing-body combination were measured with
respect to the body axes and then transferred to the wind axes. The
0.25~inch shim was used to minimize the effects of the funnel-wall bound-
ary leyer on the flow over the fusel&ge (refs. 4 and 5) A clearance
gap of 0.010 to 0.020 inch Wwas maintained between the fuselage shim and
the tunnel floor. ’

Control-surface hinge moments were measured by means of an electrical-
strain-gage beam which formed a part of the clemp restraining the control~
surface shaft and which was contained within the test body. For all tests
the Mach number and control deflection were preset and the angle of attack
was veriled.

SommpENT—..

.:’__._ —_—- P Y gy
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TUNNEL AND TEST CONDITIONS

The tests were conducted in the lLangley 9- by 12-inch blowdown
tunnel which operated from the compressed alr of the Lengley 19-foot
pressure tunnel. The gbsolute stagnation pressure of the air entering

the test section ranged from 2 to 2% etmospheres. The coampressed alr

was conditioned to insure condensation-free flow in the test section

by being passed through a silice-gel drier and then through banks of
fimmed electrical heaters. Criteria for condensatlion-free flow were
obtained from reference 6. Turbulence demping screens were located in
the settling chamber. Four interchangesble nozzle blocks provided test=
section Mach mubers of 0.70 to 1.20, 1.k1, 1.62, and 1.96.

Transonlc Nozzle

A description of the transonic nozzle, which has a 7- by 10-inch
test section, together with a discussion of the flow characteristics
obtained from limited cealibration tests is presented in reference 3.
Satisfactory test-section flow cherecteristics are indlicated from the
minimm Mech number (M = 0.7) to sbout M = 1.2. With the tunnel clear
the meximum devietions from the average Mach number in the region occu-
pled by the model are shown in filgure 2(a). Limited tests indicate
that the stream sngle probably did not exceed £0.1° at any Mach number.
During tests the test-section flow was meinteined within +0.005 of the
desired Mach mumber by an electronicaelly modulated device. The variation
wlth Mach number of the average Reynolds number of the tests 1s given
in figure 2(b).

Supersonic Nozzles

Test-section flow characteristics of the three supersonic fixed
Mach number nozzles, which had 9~ by 12-inch test sections, were.deter-
mined from extemnsive calibration tests and are reported in reference T.
Deviation of flow conditions in the test section with the tunnel clear
are presented in the following table:

Average Mach number . . . S 0 1% 1.62 1.96
Maximum deviation in Mach number e v e . . . F0.02 10.01 +0.02
Meximum deviation in stream angle, deg . . . 10.25 +0.20 +0.20
Average Reynolds number (approximate) . . 3.0 X 106 2.7 X 106 2.4 x 106
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ACCURACY AND LIMITATION OF DATA

An estimaste of the probeble errors introduced in the present deta o
by instrument readling errors and measuring eqpipment errors are presented
in the followlng table: .

Varisble Error
Cy, 10.005
Cz +.0005
Cm t.001
Cp t.001
Cn t.0ol
a, deg t.1
5, deg t.2

The error in & is the estimated error in the no-loed control
setting. Corrections for the change in deflectlon due to control hinge
moments were determined fram static hinge-moment calibrations and applied
to the meassured no-load control setting. -

Corrections asre not available for the transonic nozzle to allow for
Jet boundary interference and blockage at tramsonic speeds or for
reflection-plane effects at high subsonic speeds. Furthermore, shock
and expansion-wave reflectlion interference exists at low supersonic speeds.
This imposes certaln limltations on the data, particularly the loadings
due to angle of attack, which are discussed in references 3 and 8. In
general, however, the wing and control characteristlics due to angle of
attack with the exception of drag are believed to be reliable except
between Mach numbers 0.94 and 1.04, whereas the control characteristics.
due to deflection are believed to be relisble at all Mach numbers pre-
sented. For detalled discussion, see references 3 and 8. In the fixed
Mach number nozzles (M = 1.41 =and higher), the models were clear of
wall-reflected disturbances.

RESULTS AND DISCUSSION

Aerodynemic characteristics of the semispan model are presented in
figures 3 and 4 as functions of the flap deflection for Mach numbers
from 0.72 to 1.96. The rolling-moment coefficients and increments in
11ft and pliching-moment coefficlents due to flap deflection obtalned
from the figures are plotted in figure 5 for a few representative Mach

m’?
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numbers. The basic hinge-moment date are plotted egainst flap deflection
for all Mach mmbers in figure 6 and cross plotted against angle of attack
in figure 7 for the selected Mach numbers. For these figures the data
were obtalned at control deflections from -5° to 90° at both positive and
negative angles of attzck. For convenience of presentation, the signs

of the test values of esngle of attack, control deflection, and model

force and moment coefficients obtained at negative angles of attack have
been erbitrarily reversed. This reversal was permisslble by reason of

model symmetry.

The zero-lift dreg velues of the present tests have little value,
principally becsasuse of the presence of the boundary-~leyer shim on the
test body and have therefore been subtracted from sall drag coefficients
presented in figure 4. The values of the incremental drag coefficients
due to angle of atteck are of questionable relisbility at transonic speeds
because of boundary-interference effects (see ref. 8); the drag-coefficient
increments due to conitrol deflection, however, were believed to have been
unaffected.

No corrections are avallable to asllow for reflection-plane inter-
ference at subsonic end low supersonic Mech numbers. Consequently some
error in the sbsolute values of C;, ACp, and ACy, indicated for 4if-

ferentially deflected ailerons is introduced. The error in differences of
comparative values, however, is believed small.

Flap Characteristics

Flap effectiveness.~ As shown in figure 5 the control wes effective
in producing rolling moment, 1ift, and pitching moment to high deflections
and moderate angles of attack throughout the Mach number range from 0.72
to 1.96. The slopes of the curves were a meximum at zero deflection and
generally decreased to zero at 90° deflection ss would be expected. At
subsonic speeds deflecting the control from 0° to 20° caused spproximately
a 50-percent loss in lift and rolling-moment-.effectiveness (rate of change
of coefficient with deflection). At supersonic speeds, although the
initial effectiveness was much smaller, the control could be deflected
from 0° to 30° or 40° before a 50-percent loss in effectiveness was
incurred.

The effect of Mach number on the initial control rolling effectiveness
(018 at & = O°) is shown in figure 8. TFigure 8 shows =& rapid loss in

effectiveness at transonic speeds followed by & more gradusl reduction
in values of 036 at supersonic speeds to sbout 10 percent of the sub-

sonic values. Also shown in figure 8 are values of Czs obtained from
reference 3 for a similar unbalanced control on the seme wing-fuselage
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model as that of the present paper. The control of reference 3 had the
same span and spanwise location as that of the present paper but differed
in having spproximately twice the chord (half the aspect ratio) and a

6° trailing-edge angle as compared with 0° for the present flap. In the
discussion to follow the control of the present report wilill be referred
to a8 the high-aspect-ratio control or flep. Figure 8 shows that the
larger control (A = k.4t) hed larger values of Czﬁ throughout the speed

range. However, normelizing the values Of_—CZB on the basls of control

aree. (the span and moment srm were the seme for both controls) would
increase the effectiveness of the high-aspect-ratlio control relative to
that of thee A = L.h control by a factor of 1.9. On this basis, the
effectiveness for the A = 4.k control would be TO percent of that of
the A = 8.2 control at M = 0.80, 75 percent at M = 1.0, and essen-
tially equal effectiveness at Mach numbers from 1.2 to 2.0. The decreased
trailing-edge angle of the full blunt A = 8.2 control undoubtedly con-
tributes part of the incresse in effectiveness throughout most of the
speed range but particularly at the transonic speeds (ref. 9). At super-
sonic speeds comparison of experiment with linear theory (not including
thickness effects, ref. 10) shows spproximately the same relative values
at M= 1.3 for both controls with experimental wvalues about TO percent
of the theoretical values. At the highest Mach number, the experimental
values of Cla have decreased to 65 percent of theory for the A = L.L

control but have decreased to nearly 55 percent of theory for the high-
agpect-ratio control. Thus, at the highest Mach numbers part of the
advantages of the high-aspect-ratio control predicted by reference 1l are
not realized. '

Flap hinge moments.- The variation of hinge-momenpt coefficlents with
flap deflection was linear with negative slopes over a range of control
deflections that veried from sbout +20° at subsonic speeds to about +£10°
at supersonic speeds (fig. 6). At slightly greater deflections a moderate
decrease In lift-curve slope followed by a less rapld decrease 1n slope
with incressing deflection up to the maximum of the tests occurred. The
most rapid changes in slope occurred near s Mach number of 1.0. It is
noteworthy that maximum hinge-moment ' coefficlents are pnot, in general,
necessarlly approached in all cases as the'aeflectionfgpproaches 1900,

In fact, at subsonic Mach numbers the slope of the curve of the hinge-
mament coefficlent plotted against the control deflection was still
negative in sign and of appreciable megnitude at +90°. This behavior
suggests three possibilities: (1) stagnation conditions were not fully
established on the forwerd face of the control at 90° deflection, (2)
the blunt trailling edge of the control was contributing actively to the
hinge moments at deflections near 90° and larger, (3) aeroelastic effects
produced bending and twisting deflection of-the flap. Although the '

narrow chord of the flap relative to its span would meke the third expla~ .

nation appear feasible, the hinge-moment curve slopes at 90° are less
negative or zero at higher Mach numbers where the dynsmic pressure was

greater.
o .
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The varistions of hinge-moment coefficient with angle of attack
(fig. 7) show some nonlinearities at negative flap deflections throughout
the speed range of the tests. At positive deflections, however, the
variations were nearly linear with negative slope for most of the speed

range.

Figure 8 presents the hinge-moment paremeters Cbc, and Ch6 as a

function of Mach number for both the present control aend the lower aspect-
ratlio control of reference 5. Values of Chc,’ however, were slightly

larger in megnitude for the high-sspect-ratio control than for the A = L.h
control at subsonic and transonic speeds. Close agreement is shown in
values of CbB for the two controls. Iinear theory shows slightly greater

values of Ch5 for the A = 8.2 control at supersonic speeds. This is

not entlrely borne out by experiment; however, the differences are of the
order of magnitude of the experimental eccuracy. The possibility of small
chord controls having less effect of campressiblility on control hinge
moments wes not realized. It appears, therefore, such effects noted in
reference 2 for en inset tab were due to other factors, possibly the sweep
(forwerd) of the control hinge line and trailing edge.

Bvalustion of control effectlveness.- Figures 9 and 10 are presented
to ald the evaluetion of the characteristlcs of the high-aspect-ratlo
control under practlical conditions. The upper plot of fligure 9 presents,
as a function of Mach number, the values of C; estimated to be required

to produce an arbitrary roll rate of the subject wing of 3.5 radians per
second (a 30-foot wing spen belng assumed at an altitude of 40,000 feet).
The values were calculated by use of theoretical values of CZP from

references 11 and 12. The lower plots of figure 9 present the experimental

el
values of Cy —f—E agalnst Mach number for equel up and down deflection

Ce,1
of opposite allerons which would produce the calculated required rolling

2
c
moment. The parameter Ch< £ 2) is used in this figure to afford s

]
£,1

direct comperison of the hinge moments for the aspect-ratio-8.2 control
of the present paper and the aspect-ratio-i.4t unbalenced control of ref-
erence 3. Dsate are shown for the steady roll and static cases. Dats for
the static case are representative of the condition in which the controls
are fully deflected before the aircraft starts to roll. The analysis by
which the data were obtalned is discussed 1n detaill in reference 13.

Values of the hinge~-moment parameter of flgure 9 are shown for the

aspect-ratio-8.2 and aspect-ratio-i.l controls at o = 0° eand o = 8°.
These date indicate smeller values of hinge moment throughout the speed

L
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range for the higher aspect-ratlio control. The incremental change in
the hinge-moment persmeter at transonic speeds was of the order of twice _
the subsonic value for both controls; however, the magnitude of the incre- .
ment was smaller for the high-sspect-ratio control. At supersonic speeds

the data support the analysis of reference 1 which indicated that high-
aspect-ratlo untapered controls would possess meximum ratios of rolling

moment to hinge moment. In general, the date illustrate the advantage

of using small controls with large deflections to obtain low hinge moments

for a given rate of roll. Correspondingly less torque would be required

to be availsble at the control and the strength and welght of the actu-

ating mechanism could be reduced. =

The work requlred to overcome the hinge moments due to deflection
is also an important consideration, since it determines the amount of
energy whlch must be supplied to the power-boost system. A comparison —
on the basils of deflection work for the two controls producing the sbove
roll rate is presented in figure 10 at angles of attack of 0° and 8°.
These data show little difference in the deflection work for the two con-
trols throughout the speed renge at both angles of attack. These results
indicate no penalty for using the larger regquired deflections for the
smaller control to produce the stated roll Fate. _

Spoller Characteristics

Figures 1l to 13 present the aerodynamic characteristics of the
aspect-ratio-8.2 control as a function of the projection of the control’
normal to the wing surface. In these figures the control is assumed to
behave as 8 spoiler since at an up or down deflection of 90° the control
may be considered as a spoiler located at 94.8 percentT or as a trailing-
edge spoller. In either case no surface exists downstream of the spoiler
to carry loading of opposite semse to that desired. In order to avoid
confusion, the spoiler notation employs the same sign convention used
for trailing-edge flaps throughout this report; that is, the deflection
is positive when the trailing edge is down (spoiler projecting from the
wing lower surface).

Figure 11 shows that the curves of the variation of rolling moment
and Ilncrements in 1ift and piltching-moment coefficients with projection
approach a parabolic shape at subsonic speeds. At supersonic speeds the
curves generally become more neaerly linear with projection. Conversely,
the hinge-moment-coefficient curves sre nearly linear at subsonic speeds
but show larger changes in slope with projection at supersonic speeds.

As previously noted, the hinge-moment-coefficlent curves show some effects
of control thickness near maximum projection at subsonic speeds.

The chordwlse centers of pressure of the incremental 1ift due to - -
projection were calculated from the force and moment dets and are shown

o SO
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as a function of angle of attack for three Mach numbers in figure 12.
Deta are shown for the control deflected 10° (h/€ = 0.01) and 90°

(h/E = 0.052) to indicate the differences in wing loading due to flep-
type and spoiler-type controls, that is, for the cases of nonseparated
and separated flow on the wing shead of the control. It should be kept
in mind that the incrementel-lift values in each case were, of course,
different and also that the control trailing edge was 0.04T farther
downstream at 10° deflection than at 90° deflection. The veriations of
center-of-pressure position with angle of attack are nonlinear for both
the flap-type and spoiler-type loadings. The spoller centers of pressure
were approximately 0.06€ farther forward than those for the flap. This
is shown more clearly in figure 13 which shows the varistion with Mach
number of the center-of-pressure location of the incremental 1ift due

to deflection at angles of attack of 0° and 8°. 1In general, the same
trends are shown as in reference 1. At an angle of attack of 0° the
chordwise centers of pressure moved rearward much less rapldly at tran-
sonic speeds for the spollers than for the flap. At an angle of attack
of 8°, however, the center-of-pressure shift was as sbrupt for the spoller
as for the flap. The center-of-pressure locations for the spoiler were
6 to 10 percent forward of that for the flap at all Mach numbers. Data
at positive deflections and low supersonic Mach numbers were not obtained
because of load limitations on the balance.

CONCIUSIONS

An investigation of = 60° delta-wing—fuselage combination with an
espect-ratio-8.2 constant-chord blunt trailing-edge control in the Langley
9- by 1l2-inch blowdown tununel at Mach numbers from 0.72 to 1.96 indicated
the following conclusilons:

1. The control showed positive effectiveness in 1lift and rolling
moment throughout the range of the investigation Including angles of
attack of t10° and control deflections up to 90°.

2. Comparison with a more conventional aspect-ratio-t.}t control,
having twice the chord length and a shexrp tralling-edge angle, showed
that the rolling-moment-coefficient effectiveness (besed on the control
moment areas) for the full blunt high-aspect-ratio control was grester
at subsonic end transonic speeds and equal to that of the lower aspect-~
ratio control at supersonic speeds.

3. At moderate sngles of attack with the controls deflected to pro-
duce a given roll rate, the magnitude of the hinge moments for the high-
aspect-retio control was much smaller than that for the aspect-ratio-i.}
control of NACA RM ISUGl2a at all speeds and showed less change with
Mach number at transonic speeds. This result was in agreement with the

SOMERENTIL T
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theoretical analysis of minimum hihge-moment controls Presented in NACA
TN 3471 and also illustrates the advantage of using small controls with
large deflections to obtain low hinge moments for a given rate of roll.

4. Compearison of the two controls on the basis of deflection work
for the same roll rate showed no penalty for the smaller control because
of the larger required deflectioms. o ' o

Langley Aeronautical Lsaboratory,
Netional Advisory Committee for Aeronautics, -
Lengley Field, Va., September 28, 1956.



NACA BM I56J17 CORTRREs 13
REFERENCES

l. Goin, Kennith L.: Theoretical Analysis To Determine Unbaleanced
Trailing-Edge Controls Having Minimum Hinge Moments Due to Deflec-
tion et Supersonic Speeds. NACA TN 3471, 1955. (Supersedes NACA
RM I51F19.)

2. Smith, Donald W., and Reed, Verlin D.: Subsonic Static Longitudinal
Stebility and Control Cheracteristics of a Wing-Body Combinstion
Having a Pointed Wing of Aspect Ratio 2 with Constant-Percent-Chord
Trailing-Edge Elevons. NACA RM A53C20, 1953.

3. Guy, Lawrence D.: Effects of Overhang Balance on the Hinge-Moment
and Effectiveness Characteristics of an Unswept Trailing-Edge Con-
trol on & 60° Delts Wing at Transonic and Supersonic Speeds. NACA
RM L5hGloa, 195k.

. Conner, D. Williem: Aerodynamic Characteristics of Two All-Movable
Wings Tested in the Presence of a Fuselage at a Mach NMumber of 1.9.
NACA RM ISHOh, 1948.

5. Mitchell, Meade H., Jr.: Effects of Varylng the Size and ILocation of
Trailing-Edge Flap-Type Controls on the Aerodynemic Characteristics
of an Unswept Wing at a Mach Number of 1.9. NACA RM I50F08, 1950.

6. Burgess, Warren C., Jr., and Seashore, Ferris L.: Criterions for
Condensation-Free Flow in Supersonic Tunnels. NACA TN 2518, 1951.

T. May, Ellery B., Jr.: Investigatlion of the Effects of Leedlng-Edge
Chord-Extensions on the Aercdynemic and Control Characteristics of
Two Sweptback Wings at Mach Mumbers of 1.41, 1.62, and 1.96. NACA
RM L50LO6a, 1951.

8. Guy, Lawrence D., and Hadaway, William M.: Aerodynamic Ioads on an
External Store Adjacent to a 45° Sweptback Wing at Mach Numbers
From 0.70 to 1.96, Including an Evaluation of Technlques Used. NACA

RM I55H12, 1955

9. Strass, H. Kurt, Stephens, Emlly W., Flelds, Edison M., and Schult,
Eugene D.: Collection and Summary of Flep~Type-Ailleron Rolling-
Effectiveness Data at Zero Lift As Determined by Rocket-~-Powered
Model Tests at Mach Numbers Between 0.6 and 1.6. NACA RM I55F1k,

1955.

10. Lagerstrom, P. A., and Grahem, Marths E.: Idnearized Theory of Super-
sonic Control Surfaces. Jour. Aero. Sci., vol. 16, no. 1, Jan. 1949,

pp. 31-3k.
e— )



1L

11.

12.

135.

s,

SONRLREEST NACA RM L56JL17

Polhamus, Edward C.: A Simple Method of Estimating the Subsonic
Lift end Demping in Roll of Sweptback Wings. NACA TN 1862, 1949.

Melvestuto, Frank S., Jr., Margolis, Kenneth, and Ribner, Herbert S.:
Theoretical Lift and Demping in Roll st Supersonic Speeds of Thin
Sweptback Tapered Wings With Streamwise Tips, Subsonic Leading
Edges, and Supersonic Trailing Edges. NACA Rep. 970, 1950. (Super-
sedes NACA TN 1860.)

Goin, Kemnith L., and Palmer, Williem E.: Subsonic and Supersonic
Hinge-Moment and Effectiveness Characteristics of an Unbalanced
Lateral Control Having Low Theoretical Hinge Moments at Supersonic
Speeds. NACA RM I53G3la, 1953. :

Hemmond, Alexander D.: ILoads on Wings Due to Spoilers at Subsonic
end Trensonic Speeds. NACA BM I55ElT7a, 1955.



TE——

Fuseloge ordinates .
T 7.62° 0.005 gog - -
Station | Rodius - . -..04
0 0 0.0018cR— 0.020R. : 040
541 | 094 ‘ ool i -
1,082 | .IB0 P . 0.766- -
1,623 260 Section A-A
R.165 330 Control surfoce
2,708 | 391
3.247 444
3,788 | ,a80
4,330 519
4,870 | 538
5412 | .54|
[qooa 7154| S
-— Hinge ling
BEitehins -memont | ‘—'266 u
ching-mome 1
—
A
+ : 4,099
| a0 Al
e St e - ereeeie i 0.04c¢ |
_.7 /_!LLI :
/”’ [ - Lo '_L
! Q.25 insulgted
ek asso e b L
: | Plone of rolling-moment
: ' ' reference oxis
i Yt e . L ) —— 11 e TN ———— e —— e -
o—— e — 0,00 —

Figure l.- Details of semispan-wing - fuselage combination. Semispan,
4.099 inches; semispan-wing area, 14.522 square inches. All dimen-

slons are in inchen.

LTL9GT W VOWN

o L)

CT




16 Lty NACA RM L56J17

(2) Maximum deviation from average test section Mach number.
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