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NATTONAL. ADVISORY COMMITTEE FCOR AERONAUTICS

RESEARCH MEMCRANDUM

COMPARATIVE TESTS OF THE ROLLING EFFECTIVENESS OF
CONSTANT-CHORD, FULL-DELTA, AND HALF-DELTA ATLERONS ON
DELTA WINGS AT TRANSONIC AND SUPERSONIC SPEEDS

By Carl A. Sandahl and H. Kurt Strass
SUMMARY

Comparative tests of the rolling power of plain constant-chord,
full-delta, and helf-delta ailerons on delta wings having 45° :
eand 60° leading-edge sweepback have been made utilizing rocket-propelled
test vehlcles in free flight. The rolling power of the constant-chord
allerons was reduced abruptly in the Mach number range from 0.9 to 1.0.
For a glven ratio of alleron area to wing area, the full-delta allerons
had a higher level of effectiveness at supersonic speeds then the
constent-chord or half-delta ailerons. The half-delta ailerons had the
smallest varlation of effectiveness with Mach number and were about as
effective as the full-delta allerons at M = 1.9. The wing-aileron
rolling effectiveness of the half- and full-delta allerons can be
accurately predlicted by calculations based on the linearized flow
‘equations. Similar calculations for the constant-chord allerons yield
velues which are considerably larger than the measured velues.

IRTRODUCTION

Of the numerous wing plan forms which have been proposed for flight
at transonic and supersonic speeds, the delta plan form affords certain
aerodynamic and structurel advantages. In an approach to the problem
of providing such wings wlth adequate asrodynamic comtrol surfaces,
comparative tests of the rolling power of several delta-wing aileron
configurations have been made. Plaln constant-chord, full-delta, and
helf-delta ailerons were tested with delta wings having 45° and 60°
leading-edge sweepback. A half-delta configuration ldenticel to that
used in the investigations reported in reference 1 was &lso tested. The
teste, which were made in free flight with rocket-propelled test vehicles
by meens of the technique described in reference 2, permit the evaluation
of the rolling power of wing-alleron configurations comtinuously over the
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Mach number renge fram about 0.7 to as high as 1.9. The flight tests
were conducted at the Langley Pllotless Alrcraft Research Statlon,
Wellops Island, Va. The present paper includes and extends the work
reported in reference 3.

SYMBOLS
pb/2v wing-tip helix engle, radiams
P rolling velocity
b dlameter of cilrcle swept by wing tips
v flight-path veloclty
M Mach number
A ' aspect rati 4
pec ° \tan A
Sa alleron area
s exposed wing area
A - sweepback of wing leading edge
s alleron deflection measured in falane normel to wilng
chord plane and perallel to model center lime,
degrees ' -
€ semivertex angle of wing (camplement of Argm)
H Mach engle [ tem™ -—L—-)
VMa -1 /
tan ¢
2= fen n

DESCRIPTION OF TECENIQUE @ . . :

Only & brief description of the technique will be given in this
paper; & more complete discussion 1s contained in reference 2.

i IR AR
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Test Vehlcles

The general arrangement of the test vehlcles 1s shown in figure 1.
The gecmetric details of the wing-aileron configurations tested are
given in figure 2 and further pertinent information is given in table I.
The constant-chord and the full-delta ailerons were formed by deflecting
the wing chord plene at the required hinge-line locations. Half-delta
aileron configurations 5 and 6 were tested with the gap due to aileron
deflection open and sealed. Configuration 7 was tested only with the
gap sealed by the fence as shown 1in figure 2. Photographs of some of
the test vehicles are shown in flgure 3.

The bodles of the test vehilcles were constructed of balsa except
at the wing attachment where spruce was employed. Some of the wings
(configurations 1, 2, 3, and 6) were constructed with a laminated spruce
core to which a steel skin wae cycle-welded to provide the required
rigidity. The remaining configurations were of solid duralumin. For
all configurations, the exposed wing area was 1.563 square feet.

' Tests

The launching of the test vehlcles was accamplished at the Wallops
Islend test facility of the Langley Pilotless Aircraft Research Divislon.
The test vehicles were propelled by & two-stege rocket system to a Mach
number of about 1.9. During a 12-second period of flight following
rocket-engine burnout, in which time the test vehicles coasted to a Mach
number of sbout 0.7, measurements of the rolling veloclty produced by
the ailerons (obtained with special radio equipment designated spinsonde)
and the flight-path velocity (obtained with Doppler radar) were made.
These data, in conjunction with atmospheric data obtained with radlosondes,
permitted the evaluation of the rolling effectiveness of the particular
wing-aileron configuration under investigation 1n terms of the

parameter E%bg as & function of the flight Mach mumber. The scale of

the tests is indicated by the curve of Reynolds number ageinst Mach
number in figure L.

Accuracy

The accuracy 1s estimeted to be within the following limits:

b

2‘1: 5 (due to limitations on model constructional accuracy) . . +0.0005
b

2—%/% (due to limitations on inetrumentation) « « - - « « - » « 0.0005

pir=s g


http://www.abbottaerospace.com/technical-library

4 . ~ NACA RM L9326

It should be noted, as pointed out in reference 2 , that, owing to

the relatively small rolling mcament of inertla the values of éﬁ%ﬁ
obtained during the larger part of the flight are substantlally steady-
gtate values even though the test vehicles are experiencing an almost
contlnuous rolling acceleration or deceleration. Except for the Mach
number range fram 0.9 to 1.1, in which range abrupt changes 1n rolling
veloclity msy occur, the deviation fram steady-state conditions is
estimated to be within 3 percent. TInasmuch as 1t 1s not now possible
to estimate the damping in roll of these models with sultable accuracy
in the Mach number range from about 0.9 to 1.1, en accurate calculation
of the devietion from steady-state conditions cannot be mede. However,
for an extreme exemple having a rolling acceleration of 100 radiamns
per second per second and assuming & damping-in-roll derivative of 0.2,
the maximum deviation would be sbout 10 percent.

RESULTS AND DISCUSSION

The results of the present investigation sre shown in figure 5 as
. - pb
curves of the wing-aileron rolling-effectlvenesg parameter -—75 as

functions of Mach number. The rolling-effectliveness results are
sumnerized in figure 6 and are compared with calculations based on the
lineerized supersonlic-flow equations in figures T to 9. The theoretical
calculations, which in all cases applied tc. isolated wings only, were
baged on the wing plen form definéd in figure 10. The damping in roll
wag obtained from reference 5 for all cases. The results presented are
for essentially Infinitely rigld wings. o — :

Effect of leading-edge sweepback.- The effect of leading-~edge
sweepback on the rolling effectiveness of the configurations tested can
be noted in figure 5. For the constant-chord ajlerons (fig. 5(a)),
increasing the sweepback from 45° to 60° increased the subsonic
effectlveness, decreased the abruptness of the loss of rolling power in
the Mach number range fram 0.9 to 1.0, and increased the rolling power
at moderate supérsonic Mach mumbers. At the highest Mach numbers investi-
gated, the rolling power is independent of leading-edge sweep for the
velues tested. . -

For the full-delta aillercmns (fig. 5(b)), increasing the leading-edge
sweep from 459 to 60° decreased the rolling power about 20 percent at Mach
numbers less than 1.0. Above a Mach number of 1.0, increasing the
leading-edge sweep had little effect on the rolling effectiveness.

(N}
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For the half-delta allerons (fig- 5(c)), the main effect of
increasing the leading-edge sweep was to increase slightly the rolling
power at moderate supersonic speeds. The effect of gap seal for these
conflgurations 1s negligible.

Camparison of rolling effectivenessg.~ The rolling effectiveness of
the configurations tested is compared in figure 6. In figure 6 the
results were averaged for those configurations for which results were
obtained from two models. Of the configurations tested, the constant-
chord allerons exhibited the largest variation of effectiveness over
the Mach number range and the lowest effectivemess at supersonic
speeds. The full-delta ailerons have the highest effectiveness at
supersonic speeds. For the same ratio of control area to wing area, the
effectiveness of the half-delta allerons is less than that of the full-
delta allerons and, of the configuratlons tested, has the smallest
variation over the speed range.

Comparigon with theory.- In figures 7 and 8 the experimental results
obtained are compared with results calculated using methods based on the
linearized equations of supersonlic flow. The results for the comstant-
chord ailerons were calculated according to reference 5 with a correction
for the effects of finlte trailing-edge angle given in reference 6. The
calculated results for the full-delta alleron were obtained from
reference T for the case of the Mach lines behind the leading edge and
from reference 8 for the case of the Mach lines ghead of the leading
edge. The calculated results for the helf-delta allerons for the case
of the Mach lines ahead of and behind the leading edges were obtalned
from references 8 and 5, respectively.

Except for the constant-chord ailerons, the sgreement between
theory and experiment is good. Thils agreement, however, ls probably
fortultous because other tests (reference 1) have shown that the
theoretical values of both the alleron rolling moment end wing demping
in roll are higher than experlmental values by roughly the same factor.
The experimental values for the constant-chord allerons are considerably
lower than the theoretical values, probably due to the adverse effects .
of wing and fuselage boundary lgyer which would be larger for the
constant-chord ailerons than for the other allerons tested. In order to
establish 1f there was agreement between the shapes of the theoretical
and experimental curves, the results for the constant-chord ailerons in
figures T(2) and 8(a) were plotted as relatlve values in figure 9. From
figure 9 it appears that the theory can, at least, predict the shape of
the effectiveness curves for constant-chord aileronms.

Also shown in figure 8(c) 1s the rolling effectiveness at a Mach
number of 1.9 obtained in the wind-tunnel tests of configuration 7
reported in reference 1. Good agreement ls obtained between the wind-
tunnel test. point and theory. The theoretlcal curve also agrees well with
the results of the present tests.
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CONCLUSIONS

The following conclusions regarding the rolling effectiveness of
delta wing-aileron configurations are based on the tests reported herein:

1. The rolling power of constant-chord plain ailerons on delta
wings having a 45° leading-edge sweep 1s reduced asbruptly in the Mach
number range from 0.9 to 1.0. Increesing the leading-edge sweep to 60°
decreased the ebruptness of the loss of effectiveness at treamsonic
speeds and increased the effectiveness at moderate supersonic speeds,
but had little effect at the limlts of the Mach number ¥ange investi-
gated (M = 0.8 to 1.9).

2. For a glven ratio of control area to wing area, full-delta
alleron configurations have a higher level of rolling power at super-

3. Half-delta aillerons have the smallest variation of effectlveness
with Mach number of the configurations tested. At M = 1.9 the rolling
effectlveness 1s comparable to that of the full-delta control.

L. The wing-aileron rolling effectiveness of half-delte and full-
delta alleron conflgurations can be accurately predicted by calculations
based on the linearized flow equations. £imllar calculations for
congtant-chord plain allerons predict accurately the variation of
effectlveness with Mach nwmber, but yleld absolute values of effectiveness
which are considerably higher then the measured values.

Lengley Aeronasutical Leboratory
National Advisory Cammittee for Aeronautics
Lengley Alr Force Base, Va.
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GEOMETRIC CHARACTERISTICS OF MOIKLS

MOTEL
Bla 1b 2a.- 2b 3 L Sa 5b e, 6b Ta T
Aspect ratio A .00 k.00 2.31 2.3 koo | 2,21 4.00 oo | 2.3 2.3 2.31 2,91
Wing leading-edge swoep-
Seok., dnorons 85 L5 60 60 L5 | 60 45 B | e 60 60 60
'oll sectian in free- -
stresm direction 63A006 | 654006 | 65A006 | 65A006 | 65A006 | 634006 | 654006 | 654006 | 654006 | 65006 | Baxegonal Eaxagonal
Fladn | Flain | Plain | Plein | pyy | g3y | medr | Beie | mer | Bar | Bar Ealf
aran type constant | constant | constent | constant 4. aio | oapix s . "
g hewd : glvo | dodt dalta | 2olvAa | delite| della dulta delta
Batdo of exposed !
allaron ares to 0.20 0.20 0-20 0.20 0.20 ; 0.20 | 0.20 | 0.20 | 0.20 | 0.20 0.1 0.11
expogsd wing ersa
Alleron deflectiom & _
agrocs s 5.5_: L.g 5.0 30 5.0 5.0! 50 | h.9|_ [-JI"BI' 5-q 55 | T6
O ey aLarc Seled | Soaled | Sealed | Sealed | Sealed | Sesled [Soaled | Open | Open | Sealed Sealed | Bealed

" ®Lower case letter indlcates idemtical models of given configmeation.
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56.00 |
FUselage oramaes
Station Drameter
0 e,
2.50 /.22
w2 -
10.00 3.902 ~WE
/2.50 4.52
/5.00 4.88
/7.0 300 | o J—
#‘m

Z s spced
120°

Figure 1.- General arrangement of test vehicles. Dimensions are in irches.
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Hinge /e / 0020 sreel plares ubper qnd HIIGE /17€
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A A \
“ b2
R */ N < |
7o i Q %n A / | A %
Sice of . )
| iiaﬂzépgz2 =
— 1
L—AZO e -r—)f.zy ——l (70
GaNeTET—- G-

/L5 ——

(a) Configuration 1.

Leminated spruce core.

(b) Configuration 2.

Leminsted spruce core.

Figure 2.- Details of configurations tegted. Dimensions are in inches.
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upber ana 1ower
Wing suriaces

ii:]:::1:9uqﬁ4ﬂﬂgm?//ﬁ%?
)
N
N
i ‘3‘
Sie of
A A 6/56/09’87
— L0 — /30

(c) Configuration 3.

Laminated spruce core.
e

Figure 2.~ Contlnued.

/0./E

(d) Configuration 4.

Solid duralumin.
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section A-A , N4 E54-006

Aieron covered wirh

acoz st/ sk
Hinge line
— SO — 19R
Q020 sree! plerres
wper and lower Q
Wng suriaces 3
B AL AT
= h -
S
P
—~ 0 — 2| o
R
/0./2
. i
(e} Configuration 5. : (f) Configuration 6.
Solld duralumin. Leminated spruce core.

e e e i Conmtinued.
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| CONTIDEN AL N
Leaading edge raawus ,.0lc S
TN 1
F——————CZCMZ7CL__“1 f
c
Section AA (Typrcal)
--‘—5.35—7
/ne .
Hirige ™~ —1 195 _oR
/// S7ee/
Leaan ﬁ:{ge A A S
raa’/ag a0, | B y
% L Ddraltyniin
e 0
-3, 58-1 — A 7.;\ Sicde of fuselage
/6./2

Hinge pomnt 9
%
277 S 4 , _J}_ _

-
‘“‘ﬂ‘;”’
Playfe

(06 Steef)

i

(g) Configuration T.

Figure 2.- Concluded.
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Constant-chord ailerons Full-delta ailerons Half-delta ailerons
Configuration ! Configuration 3 Configuration 5

(8) Ap.g, = 45°.

Constant-chord ailerons Full-delta ailerons Half-delta ailerons Half-delta ailerons

Configuration 2 Configuration 4 Configuration 6 Configuration 7
(b) AL E = 600.
e L-62159

Figure 3.- Photographs of configurations tested.
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Figure 5.- Bxperimental results. | g‘
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(c) Half-delts allerons; < = 0.20.

Figﬁ?e 5.- Corrtiml.ed._.
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Flgure 5.- Concluded.
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Figure 6.- Comparison of experimental results. . -, -
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(a) Constent-chord ailerons. Configuration 1; - = 0.2
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(b) Full-delte ailerons. Configuration 3; -S% = 0.2.
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(c) Half-delte ailerons. Configuration 5; ._SE = 0.2.

Figure T.- Comparison of experimental results with theory. A = }45°,
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(a) Constant-chord ailerons. Configuration 2; = = 0.2.
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(b) Full-delta ailerons. Configuration L; _SE = 0.20.
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(c) Half-delta ailerons.

Figure 8.- Comparison of experimental results with theory. A = 60°.
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Figure G.- Comparison of experimental and theoretical results.
Constant-chord allerons.
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Figure 10.- Wing configuration considered in msking calculations.
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