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WIND-TUNNEL INVESTIGATION AT MACH NUMBERS FROM 0.50
TO 1.29.0F AN ATI~MOVABLE TRTANGULAR WIRG OF

ASPECT RATTO L4 ATONE AND WITH A BODY

By Louis S. Stivers, Jr., and Alexander W. Malick

SUMMARY

The aerodynamlc characteristics of an all—moveble, triangular—
Plan—form wing alone and with a body have been determined Ffrom semispan
model tests. The wing had an aspect ratioc of & and had doubly symmet—
rical double—wedge sectioms with maximm thickness—chord ratios of 0.C8
in the streamwise direction. The experimental data were obtained at
Mach numbers fram 0.50 to ebout 0.98 and from 1,09 to_1.29 with corre—
sponding Reynolds numbers verying from sbout 0.8 X 10° to 1.1 x 10°.
Calculaeted characteristics were compared with the corresponding experi-—
mental results,

The ggreement between the calculated and experimental results was
not satisfactory for the most part. The disagreement was thought to
result from the fallure of the linear theory to define the actusl flow
field about the configurations investigated, and from the effect of the
tunnel—wall boundary Jlsyer .n the experimental results. For the case
of the wing in the presence aof the body, however, 1t appeared that the
£low about the wing was Influenced very little by the tunnel—wmli
boundary layer.

The experimental lift—curye slopes for the wing end body, and for
the wing in the presence of the body (body attitude Od) yWere about
15 percent less than the corresponding calculated values st the sub—
sonic Mach numbers up to 0.85 and at the supersonic Mach numbers. The
experimental locatione of the aserodynsmic center for the wing alone and
in the presence of the body were not predicted by the calculations,
but the effect of the body on the observed sercdynsmic—center location
was in good agreement with that calculasted.

TNTRODUCTION

Low-esgpect~ratlio, all—movable wings or control surfaces have been
proposed for highly maneuverable supersonic alrcraft as a means for
providing greater aircraft control at transonic and supersonic Mech = .
numbers than that obtainable by the use of conventioral control surfaces.
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In such applicatlion, it is desirable that the all-movable lifting surface
should exhiblt throughout the entire range of flight Mach numbers very
little varilatlon in the aerodynamic—center location and en adequate
amount of 1i1ft effectiveness. The former requirement 1s satisfied by
the use of triangular-plan—form lifting surfaces of very low aspect
ratlo; whereas the latter may prescribe lifting surfaces of higher aspect
ratio. As a consequence, 1t appears that a compromise would confront

the designer contemplating the use of an all—movable wing or control
surface on supersonic aircraft.

It 18 expected that the design of all—movaeble lifting surfaces will
be dictated largely by information aveilable from experimentel investi—
gatione, yet only a small amount of such data exists, Recourse to
theory does not necessarily lead to satisfactory design data., Further—
more, in the transonic Mach muber range the applicebility of existing
theory would be generally questionable. In order to provide experimentasl
data in the transonic Mach number range applicable to the design of
triangular-plan—form,all-movable lifting surfaces, an Investigation has
been mede of an all-movable wing in the Ames 1— by 3~1/2-foot high-speed
wind tunnel. The results of this Investigation are presented herein
for the wing alone and with a body at Mach numbers from 0.50 to about
0.98 and from 1.09 to 1.29. In addition, calculations based on the
theories of references 1 to 5 are presented for comparisor wlth the
experimental deta.

NOTATION
A agpect ratic
c chord of wing measured in streamwise dlrection
c2dy
T mean aerodynamic chord of exposed wing surface f
. [+] dy

drag coefficient based on the eiposed wing area

)

Cpr, drag coefficient Aue to laminsr skin friction

CDT drag coefficient due to turbulent skin friction

Copyp minimm dreg coefficient

AC z drag-rise factor, average ratio of the Increment of drag
(ACL) coefficient above the minimum to the square of the increment
of 1ift meapured from that corresponding to miniwum drag

coefficlent [ CD-CDEin 2
(C1—CL &t Cppyp)®lav
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CrL 11ft coefficlent based on the exposed wing area
Cn pitching—moment coefficlent of wing about quarter—chord point of
mean serodynamic chord based on the expoeed wing area, with
mean aerodynamic chord as reference length
M free—~stream Mach mumber
Reynolds number based on the mean aerodynamic chord of wing

Rgvy -~ Reynolds number based on average chord of wing

¥ spanwise distence measured from wlng root—chord line
a wing angle of attack, degrees
at wing angle of attack, uncorrected for tunnel Jet—boumdary

interference, degrees
DESCRIPTION OF APPARATUS

The investigation was conducted in the Ames I~ by 3—1/2—foot
high~speed wind tummel, a single-~return closed—throat tunnel vented to
the atmosphere in the return passage., During the investigation the
tunnel wes equipped with a flexible~throat assembly (fig. 1) to permit
operation at various supersonic, as well as at subsonic, Mach numbers.

The test models consisted of & semispan all-movable wing and a
half-~body. " Principal dimensions of the models are shown in figure 2.
The wing model was one-half a complete wing which had a triangular plan
form of aspect ratio 4. Sections in a streamwise direction were doubly
symmetrical double—wedge profiles having a maximum thickness of 8 percent
of the chord. The wing was rotated about a spindle axis which was per—
pendicular to the root chord at the 50-percent—chord point. (See fig. 2.)
The spindle was fitted with an electrical resistance strain gasge Ffor
measuring pliching moments of the wing. The wing was constructed of
tool steel, hardened, ground, and polished; and the leading— and
trailing—-edge radii were approximstely 0.002 inch.

The body was one—hslf of & 2-1/2-Inch—diameter body of revolution
wlth identlical pointed ends. (See fig. 2.) The body was constructed of
aluminum alloy and the surface was polished.

For the investigation, the models were mounted on a balsnce plate
which was held in an approximately 18-inch—dlemeter opening in the tunnel
sidewall, as shown in the photographs of figure 3. The face of the
balance plate exposed to the tunnel air stream was flush with the tunnel
sidewall, and an approximstely 1/16—inch anmular gap was maintained
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between the periphery of the plate and the sidewall. A housing pre—
vented flow through this gap from the atmosphere. The balance-plate
supports were filtted with electrical resistance straln gages for measur—
ing the 1ift and drag reactions. Iateral restraint was accomplished in
such a manner as to virtually eliminate friction in a plane parallel to
the balance~plate Pface.

For the tests of the wing alone, the model was supported from the
rear face of the balance plate by the O.4—inch—diameter spindle which
extended through an approximately O.6—inch—diameter hole in the plate.
A 0.03~Inch gap was malntained between the front face of the balance
Plate and the root of the wing.

For the wing and body tests, the half-body with a 0.05—1inch spsacer
wag mounted on the balance plate. The spacer kept the tips of the body,
which extended beyond the periphery of the balance plate, free of the
tummel sidewalls. The wing spindle was fixed to the rear face of the
balance plate, as 1n the wing-alone tests, and extended through the
balance plate and a 0.53—Inch—diameter hole iIn the body. A 0.03—inch
gap was maintained between the body and the undeflected wing.

TESTS

Lift, drag, and pitching—moment data were obtained for the wing
alone at angles of attack from approximately OV to 10° and at Mach
numbers from 0.50 to about 0.98 and from 1.09 to 1.29, Lift and
pitching-moment datas were slso obtalned at an angle of attack of about
—30 in order to provide a check on the incidence and symmetry of the
model. Tests were also made of the wing alone with the gap sealed, No
pltching moments were measured when the gap wes sealed; however, 1ift
and drsg data were obtalned for angles of atiack from approximately o°
to 9° at Mach numbers from 0.50 to about 0,98 end st 1.20 and 1.29.

Lift data for the wing—body combination and pitching—moment data
for the wing in the presence of the body were obtained for wing angles
of attack from about —3° to 10° at Mach numbers from 0.50 to about 0.98
and at 1.20 and 1.28. For the tests of the wing—body combination, the
body attitude wae Tixed at 0°, and the gap between the wing root and
body remsined unsesled. The wing—induced 1ift on the body (body
attitude 0°) was obtained for wing angles of attack from about —3° to
11° gt Mach numbers from 0.50 to about 0.98 and at 1.20 and 1.28, For
this condltion, the models were mounted in an identical manner to that
for the wing and body tests except that the wing spindle was held
independently of the balance plate.

Choking conditions in the tunnel test section precluded testing
of the wing alone between Mech numbers of about 0,98 and 1.09 and of
the wing-body combination between Msch numbérs of about 0.98 and 1.20,
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Reynolds mumbers, based on thg mean aerodynamic chord of the wing,
varied from a.pproximately 0.8 X 10° at a Mach mumber of 0.50 to approxi—
mately 1.1 X 10° at a Mach mumber of 1.29, as shown in figure L.

Stream—engle measurements were made at the model position at each
test Mach number using a 3/16~inch-dismeter probe with a hemispherical
nose., The stream angle was determined by the inclination of the probe
wWhen equal pressures were indiceted by symmetrically placed orifices
located in the probe nose.

CORRECTIONS TO DATA

The wind—tunnel-wall corrections which were appllied to the drag
coefficlents and engles of attack for the subsonic Mach numbers were
determined by the methods of reference 6 and are indicated in refer—
ence T to be independent of Mach number. The corrections are:

Wing alone Wing =snd body
A (deg) = 0.341 Cj, M (eg) = 0.549 Cp,
ACp = .0060 C12 ACp = 0096 C12

The data at subsonic Mach mmbers have been corrected for model and wake
blockage by factors which were determined by the methods of reference 8
and which are given in teble I for various corrected Mach numbers. Since
these factors varied with the measured drag coefficient, only the upper
and lower limits are given for each Mech mumber,

Tare corrections obtained while the models were held in the
presence of the balance plate have been applied to both the sealed— and
unsegled—gep data at all the test Mach numbers. These corrections were
found to be practlcally independent of wing angle of sttack. The 1lift
coefficlent tares are:

Wing alone Wing anéd body
Mach numbers | Lift tares ﬁach numbers jLift tares
0.50 to 0.80 0.006 0.50 to 0.90 0.002
.80 to .98 007 .90 to .98 .001
1'09 .006 — " — - w— p— .
1.20 005 1.20 001
1.2% .002 - -
1.29 —'001 1.28 .001
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The drag—coefficient tares for the balance plate alone and with the wing -
1n the presence of the plate are presented in figure 5 as a function of
Mach number.

The stream inclination at the model positlon was foumd, for the
most part, to be rnegligibly small for all the test Mach numbers. As a
consequence, no corrections to the angle of attack have been made for
gtream inclination,

Tunnel-wall boundary—layer messurements made at Mach numbers from
0.50 to 1.29 with the wind tunnel empty have indicated the existence of
a stable, turbulent boundary layer of approximately 1l.3—inch total
thickness and 0,l12-inch displacement thickness at the model position.
Low induced pressures on the wing or body may have drained low—energy
air from the tunnel-wall boundary layer such that the boundary layer on
the rear portion of the wing would separate or be substantially thickened.
The extent of such an intersction and to what degree the test data may
have been affected, however, are unknown.

The effects of the possible flow of alr around the wing spindle gap
and through the gap between the balance plate and the tunnel wall are
also unknown, but are believed to have been negligible.

RESULTS AND DISCUSSION

The basic results are presented as 1ift, drag, and pitching—moment
coefficlents in figures 6 to 9 as functions of Mach number for various .
wing dngles of attack. (Mechanical difficulties with the apparatus for
gsetting wing sngles of attack resulted in fractional angles for some of

the dsta of these figures.)
Lift Characteristics

11ift coefficient as a function of Mach number for variocus wing
angles of attack is shown in figures 6 ard 7. The 1ift coefficients of
figure 6 are for the wing alone, with the gap at the wing root unsealed
and sealed. Those for the wing and body and the body In the presence of
the wing are shown in figure 7. The 11ft cocefficients for the body,
indicated in this figure, are scolely those induced by the wing, since
the attitude of the body was 0P throughout the tests. The variations of .
1ift coefflcient with Mach number for glven angles of attack, exhibited
in figures 6 and 7, are generally small, Shown in figure 10 are faired
curves of the same 1ift coefficlents plotted as & function of angle of .
gttack at various Mach numbers from 0,50 to 1.29, The variation of 1lift
coefficient with angle of attack is generally linear throughout the
angle—of—attack range at both subsonic and supersonic Mach mumbers. The
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shift of the 1lift curves in the positive 1lift direction exhiblted In
figures 6(b) and 10(c) at subsonic Mach numbers was apparently due.to a
constant er:or In setting the incidences of the model.

The variatlons with Mach number of the lift—curve slopes for the
wing alone, gap unsezled and sealed, are presented In figure 11i(a). It
1s observed in this figure that the lift—curve slope for the wing with
the gap unsezled varies only a small amount over the range of Mach
numbers from 0.50 to 1.29. Sealing the gap increased the slope signifi—~
cantly at the subsonic Mach nuxmbers and only slightly at the supersomic
Mzach numbers.

Calculated lift—curve slopes for the wing alone are alsc shown in
figure 11(a). The values at subsonic Mach numbers were determined by
the methods of reference 1 and those at supersonic Mach mmbers by the
methods of reference 2, It ls apperent from this figure that the
experimental lift—curve slope is much less than the calculated, As the
Mech number is increased fram 0.50 to 0.970, the experimental slope for
the wing, gap sealed, ranges from sbout 9 to 28 percent less than the
calculated clope. At Mach mmmbers of 1,20 and 1.29, the slopes corre—
sponding to the sealed gar are, respectively, sbout 33 and 30 percent
less than those calculated.

It is felt that the difference Iin the experimentsl and calculated
lift—curve slopee for the wing is largely attributable to the effects
of the following, which are not taken into acecoumt Iin the linear theory:
(1) Interaction between the flow over the wing and that in the tunnel~
wall boundary layer; (2) shock-wave boundary—layer interaction at the
high subsonic and supersonic Mach mumbers (discussed in references 9
and 10 for two-dimengsiomal airfoll sections at subsonic and supersonic
Mach numbers, respectively); and (3) shock waves resulting from second—
order compressibility effects at the supersonic Mach mmbers (discussed
in reference 11 for triangulasr wings).

The effect of model support on the lift—curve slope at a Mach
mmber of 1.5 may be estimated by comparing the experimental slope for
a complete wing shown in figure 1i(a) with an extrapolated value of the
gap~sealed data for the wing of the present investigation. The experl—
mental slope for a Mach mumber of 1.5 1s from unpublished data cobtained
from tests in the Ames 1-— by 3—foot supersonic wind tunrel of a
triangular-plan—form camplete wing (with no body) which was sting—-
supported from the rear, The aspect ratio, thickness—chord ratice, and
section profile of this wing were identical to those of the wing of this
report. It appears from figure 11(a) that an extrapolated valus of the
gap~-sealed lift—curve slope &t & Mach mmber of 1.5 would be less than
that for the camplete wing. A lower slope would be expected for the
semispan wing because of the effects of the tumnel—wall boundary layer
at the wing rovot. The experimental slope for the complete wing 1s about
11 percent less than that calculated., It should not be inferred,
however, that the magnitude of this dlsagreement between the calculated
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and experimental lift—curve slopes 1s representative for complete wings

of triangular plan form at supersonic Mach mumbers, since differences

as high as 30 percent bave been shown in the dats of reference 11, Such
differences for complete wings are believed to be due largely to viscous
and second—order compressibility effects.

The lift—curve slopes determined from the tests of the wing and
body (gep unsealed, body attitude 0°) are presented in figure 11(b).
The slopes shown in this figure correspond to (1) the total 1ift on the
wing and body, (2) the wing—induced 1ift on the body, and (3) the 1ift
of the wing in the presence of the body. The slope for the latter is
the difference 1In the slopes of the first two. It can be seen that the
effect of Mach number on the lift—curve slope of the body is small;
vhereas for the wing and body there is an eppreclable effect at the
high subsonic Mach nuwbers. Also shown in figure 11(b) are calculated
lift~curve slopes for the same three cases, Insofar as known, there
are no existing theories which are directly applicable to the wing and
body configuration of this report; therefore, the followlng procedures
were employed 1n the calculation of the slopes.

For the calculaetions &t subsonic Mech numbers, it was assumed
that the body could be replaced by a flat surface with boundaries that
are formed by extending the leading and trailing edges of the all—
movable wing to the exls of symmetry of the body. The surface replacing
the body remalns at zero angle of attack and the all-movable wing is
thought of as a flat, full—chord, partial—apan, outboard control surface.
The theory of reference 4 then provides s method for determining the
total 1ift on the control surface and the fixed surface, and the dis—
tribution of 1ift between the two. Iift—curve slopes (rate of change of
11ft coefficlent with control—surface deflection) calculated by the
methods of this reference, however, are not speclfically applicable to
the present configuration since the theory is valid only for lifting
surfaces of very low aspect ratio., It was belleved, nevertheless, that
this restriction could be allevliated, at least for a configuration of
aspect ratio 4, if ratios of lift—curve slopes were employed, that is,
the ratios of the slopes given by the thedry of reference 4 to the slope
for a wing alone of comparable plan form having very low aspect ratio
(wing—alone slope, ﬁA/E). The calculated lift—curve slopes shown in
figure 11(b) at subsonlc Mach numbers were then determined as the
products of these ratios and the lift-curve slopes for the wing alone
determined from reference 1. (See fig. 11l(a).) The calculated ratios,
for slopes based on the aree of the movable surface, are:

1. Total 1ift ' 1.17
2, Lift induced on Pixed surface 2k
3. Lift on control surface in <93

preeence of fixed surface
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Lift—curve-slope calculations for the wing and body at supersonic
Mach numbers were made by assuming that the body could again be replaced
by a fixed surface., The plan form of this fixed surface can be arbitrary
outside the Mach cone from the apex of the movable surface, but within
the cone 1t is determined by extending the tralling edge of the moveble
surface to the axis of symmetry of the bady. It was also assumed that
no Mach lines crossed those from the apex of the movable surface. The
lift~curve slopes were then determined from the methods of reference 5.
The following expressioms, for subsonic leading edges, were used to
determine the slopes (based on the area of the movable surface) shown in
figure 11(b) at the supersonlic Mach numbers:

1. Total 1ift

CL h’ kll 2

=T

2. Lift induced on fixed surface

7M2-1 % (1+k) 2

3. Lift on control surface in presence of fixed surface

CL 8 x/2 [x1/2 ~1 L 1/2
CL _ —— [k1/2 4 (14k) tam* kV2 ]
@ WML x(1+k) . (

where k is cot A /M1 and A is the leading—edge sweep angle of
the movable surface (positive for sweepback),

It 1s observed in figure 11(b) at both the subsonic and supersonic
Mach numbers that the experimental lift—curve slopes are less than those
calculated, but the agreement between the two 1s much better than that
for the wing alone. For Mach numbers up to 0.85, the experimentsl 1ifi—
curve slopee for the wing and body (wing 1ift plus induced 11t on body)
are sbout 14 percent less than those calculsted; whereas those for the
wing in the presence of the body are sbout 17 percent less. The experil—
mental and calculated slopes for the Induced 1ift on the body are in
good sgreement at all the subsonic Mach numbers. At supersonic Mach
numbers the experimental slopes for the wing and body are gbout 16 percent
less than those c¢alculated; those for the wing in the presence of the
bedy, about 13 percent less; and those for the induced 1ift on the bhody,
from sbout 25 to 30 percent less, These disagreements betwreen the cai—
culated and experimental slopes are considered to be generally small in
view of the procedure and theory employed, and of the neglect, in common
wlth the theory for the wing alone, of viscous and second—order compres—
sibility effects., Because the agreement between the calculated and
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experimental lift—curve slopes 18 gemnerally so much better for the

wing in the presence of the body than for the wing alome, it is felt
that the influence of the tunnel-wall boundary layer on the flow around
the wing In the presence of the body was small. Although there may have
been a significant effect of the tunnel-wall boundary layer on the 1ift
induced on the body, such an effect sppears to have influenced the com—
bined 1lifte of the wing and body but very little. This 1s undoubtedly
due to the fact that the body 1lift is only a small part of the total.

It is of interest to note the difference between the calculated and
experimental lift—curve slopes for a semispan all-movable triangular
wing tested 1n the presence of s body at a Mach mumber of 1.9 and
reported in reference 12, The wing of this reference had an aspect ratio
of 2.31 and circular-arc sectioms 9—percent chord thick, and was tested
in the presence of a half~body for which the boundary layer was known
to be substentially identical to that on the complete body held in the
center of the wind tumnel. The lift—curve slope of this wing in the
presence of the body was sbout 14 percent less than the corresponding
slope calculated by the procedure of the present report using the theory
of reference 5.

It 1s also of interest to note the agreement between experiment and
theory 1n the case of a configuration for which the theory of refer—
ence 5 is more directly applicable. The results of an investigation at
a Mach number of 1.9 of such a configuration (triangular wing witkh all—
moveble tip control surface) are reported in reference 13, The agree—
ment in this cese was about the same as that of the present report at
supersonic Mach numbers. ' ' '

The variation with Mach number of the lift—curve slopes for the
wing alone and for the wing in the presence of the body 1a compared in
figure 11(c), Although the effect of Mach number on the lift—curve slope
is slightly different for the two configuratlions, the slopes at a given
Mach number differ by an amount never greater than about 10 percent.
This comparlison, however, may not be of particular significance in view
of the probable differences in the effects of the tumnel-wall boundary
layer in the two cases. From the calculations shown in figures 11(a)
and 11(b), which do not account for the gap, 1t would be expected that
the lift—curve slope for the wing in the presence of the body would be
about 7 percent less than that for the wing alone at subsonic Mach
numbers, and about 20 to 25 percent less at the supersonic Mach numbers,

Drag Charscteristics

Drag coefficlent as a function of Mach number for the wing alone,
gap unsealed, is shown In figure 8 for various angles of attack. The
drag coefficients for the wing wilth the gap sealed are not presented
gince they are essentlally the same as those for the wing with the gap
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unsealed., It is indlcated in this figure that substential changes in
the rate of Increase of the drag coefficlenfs can be expected hetween
Mach numbers of 0.975 and 1,09, TFaired curves of dreg coefficlent as a
function of 1ift coefficient (gap unsealed) are glven 1in figure 12 for
various Mach numbers from 0.50 to 1.29. Minimum drag coefficients
determined from this figure are shown In figure 13 as a function of Mach
number, Also shown in this figure for both subsonic and supersonic Mach
nmmbers are calculated drag coefficlents which correspond to either
laminar or turbulent skin friction over the entire upper and lower wing
surfaces, These calculations were made using the laminar and turbulent
gkin-friction equations of reference 1k and a Reynolds mumber based on
the average chord of the wing. The drag-coefficlent equations for both
surfaces of the wing are:

Cpy, = 2.656 Rgv /2 (leminar) .
and

CDp = 0.910 (logyo Rav) - '-°  (turbulent)

The calculated drag caefficlents shown at supersonic Msch numbers are
the sums of the calculated skin—friction and pressure drag coefflcients.
The pressure drag coefflcients were determined by the methods of refer—
ence 2 for a complete triangular wing of aspect ratlo, thickness—chord
ratio, and profile identical to those of the wing of this report.

It can be observed in figure 13 that the experimental minimum drag
coefficient at low subsonic Mach numbers is In reascnsble agreement
with the calculated values. At Mach mumbers between 0.80 and 0.975,
the large increase in the experimentsl drag coefficients sbove the cal—.
culated drag coefficlents corresponding to turbulent skin friction is
believed to have resulted from a thickening or a separation of the
boundary layer on the rear porition of the wing. .

At supersonic Mach numbers, the experimental minimm drag coeffi~
cients of figure 13 are much less than the values shown for the sum of
the pressure drag and the laminsr or turbulent skin—friction coeffi-—
cients, and are even less than the calculated pressure drag coefficients,
The pressures on the upper surface of the wing near the trailing edge
were apparently higher than those calculated (resulting in a reduced
pressure drag), probebly because of the effects of shock—wave boundary—
layer intersection and of the tumnel-wmll boundary layer at the wing
root. The extent to which the pressures on the aft portion of a Hwo—
dimensional airfoll section may be influenced by shock—wave boundary—
layer interaction at supersonic Mach mumbers is shown in reference 10,

It can be seen in figure 13 for a Mach mumber of 1.5 that the
minimum drag coefficient of & complete wing, tested in a flow field which
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was apparently unaffected by the tunmnel-wall boundery layer, is also
lower than would be predicted. (This value of experimental minimum drag
coefficient is from the unpublished test data of the complete wing
described earlier in the discussion of the lift—curve slopes.) It is
obgerved that the experimental minimm drag coefficient for the complete
wing is equivalent to the calculated pressure drag coefficient which does
not include skin frictiom. ’

~

Disagreements between the calculated and experimental minimm drag
coefficients at supersonic Mach numbers similar to those noted in
figure 13 are shown in reference 11 for several complete wings of tri-—
angular plan form, Such disagreements for complete wings are believed
to result from the effects of shock-wave wing-boundary-layer interactiom.

The varlastion of the experimental drag—rise factor A.CD/(ACL)2 with
Mach number is presented in figure 14 for the wing alone, gap unsealed
and sealed, Reclprocals of the experimental lift-—curve slopes, gap
unsealed and sealed, are also shown in figure 14 at both subsonic and
supersonic Mach nmumbers, These reciprocals may be regarded as upper
boundaries of the drag-rise factors and they 1lndicate that the result—
ant force vectors are substantially perpendicular to the chord line of
the wing., They do not necessarlly correspond to zero leading-edge
thrust, however, because of sepsration and friction effects. In addition
to the reciprocals of the slopes, & calculated lower boundary of the
drag-rise factor corresponding to full theoretical leading—edge thrust
on a triangular-plan—form wing of aspect ratio 4 is shown in figure 1k
at subsonic and supersonic Mach numberg, For this lower boumdary, the
resultant force vector is inclined at its maximum calculated forward
prosition with respect to the wing—chord line. The subsonic values of
this cslculated drag-rise factor were determined by the methods of
reference 1, but for all practical purposes are equivalent to the
constant l/xA. The values at supersonic Mach numbers were determined
by the methods of reference 3. '

In figure 1%, it is observed that the experimental curves for the
drag-rise factor of the wing, gap unsealed, generally lie much closer
te the upper drag—rise—factor boundary than to the lower. This would
indicate that the drag due to 1ift 1s, for the most part, relatively
high (i.e., the resultant force vector 1s nearly perpendicular to the
chord plane of the wing). The effect of gealing the gap was, in general,
to reduce appreciably the drag-rise factor at subsanic Mach numbers. At
the supersgonic Mach nusbers the reduction was negligible.

Pitching-Moment Characteristics

The piltching—moment coefficients for the wing both alone and in the
presence of the body, gap unsealed, are presented In figure 9 as a function
of Mach number for various wing angles of attack. Small variations of
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pitching-moment coefficients with Mach number for given angles of attack
at both subsonic and supersonic Mach mumbers are shown,except for angles
of 62 or greater at high subsonic Mach numbers and at Mach niumbers near
1.09. The pitching-moment coefficlents shown iIn figure 9 are plotted as
a function of angle of attack at constant Mach numbers in figure 15.

The curves of this figure for the wing both aslone and in the presence
of the body are generally nonlinear at the subsonic Mach mmmbers, bub
are neerly straight at the supersonic Mach mmbers. It can also be
observed that at svbsonic Mach mumbers the effect of the body on the
pltching~-moment coefficients of the wing was smell at low angles of
attack, but a sizaeble destabllizing effect occurred af the high angles
of attack. At supersonic Mach mmbers the effect of the body was
generally sm=ll,

The slopes of the pliching-mpment curves d.Om/d.a. at zerc sngle of
attack are given in figure 16. It can be seen in this figure that the
slopes for the wing alone and for the wing in the presence of the body
are substantlally ldenticsl throughout the range of test Mach numbers.

The effects of Mach nmumber on the locatlion of the aerodynamic center
at zero angle of atitack for the wing both alone and in the presence of
the body, gap umsealed, sre shown in figure 17. The calculated laoca—
tion for the wing alone, determined from references 1 and 2, is alsc
shown in this figure at subscnic and supersonic Mach numbers. Calco—
lations for the wing In the presence of the body indicate that the
aerodynamic—center location at the subsonic Mech numbers is sbout
1 percent of the mean aerodynamic chord behind that calculsted for the
wing alonej whereas at supersonic Mach numbers it 1s identical to that
calculated for the wing alone, The differences in the experimental
locatlons for the wing alone and for the wing in the presence of the
body are practically the same as the previously mentioned calculated
differences, although the experimentel and calculated locations them-
selves are not in good agreement., Over the range of subsonic Msch
mmbers, the experimental location of the aerodynamic center for the wing
both alone ard in the presence of the body veries from about the 34— to
the 39-percent point of the mean aerodynsmic chord. The experimental
location varies from about 1 to 5 percent of the mean aerodynamic chord
behind the calculated location. At supersonic Mach mumbers, the location
of the aerodynamic center for the wing both alone and in the presence
of the body, shown in figure 17, is prectlcally = constent at about
45 percent of the mean aerodynamic chord. It 1s cobserved that the
experimental location of the zerodynamic center is approximstely
5 percent of the mean aerodynamic chord forward of the calculated loce~
tion. An experimental locetion of the sercdynamic center approximately
5 percent forward of the calculsted locatiom for the wing alone is also
observed from the data of reference 12, which were cobtained from an
investigation of a trisngular all-movable ying (gap unsealed) tested in
the presence of a body at a Mach number of 1.9.
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) An over-all rearwerd shift of the aerodynamic—center location of
about 11 percent of the mean aerodynamic chord is shown in figure 17 far
the subsonic and supersonic Mach mumbers. It is of interest to note
that experimental data of references 15 and 16 for camplete triangular
wings of aspect ratio 2 show sbout a lO-percent over-all shift In the
aerodynamic—center location for the same ranges of Mach number,

CONCLUDING REMARES

The calculated values of the principal aserodynamic characteristics
of the all-movable triangular wing of aspect ratic 4 alore and with the
body were not in good agreement, on the whole, with the corresponding
experimental results, The dissgreements are belleved to be dius to the
inadequacies of the linear theories employed in describing the actual
flow field about the configurations investigated and to the effects of
the tunnel-wsll boundary layer om the experimentsal results. It was
noted, however, that the experimental lift—curve slopes for the wing in
the presence of the body appeared to be influenced very little by the

tumnel-smll boundary layer.

The experimental lift—curve slopes for the wing and body, and for
the wing in the presence of the body (body attitude 0°), were wbout
15 percent lower than the corresponding calculated values at the sub—
sonic Mach numbers up to 0.85 and at the supersonic Mach numbers. The
experimental aerodynamic—center locations for the wing alone and in the
presence of the body were not satisfactorily predicted by the calcu~
lations, but the effect of the body on the observed aerodynamic—center
location was substantially the same as that calculated,

Ames Aervnautlcal Laboratory,
National Advisory Committee for Aeronsutics,
Moffett Fleld, Callf,
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TABLE I.,~ MAGRITUDE OF BIOCKAGE CORRECTIONS
[Uncorrected values multiplied by the following factors]
M Dynamic pressure| Drag coefficlent Mach number
Wing alone
0.50 1.000 1.000 to 0.999 | 1.000 to 1.001
«TO 1.000 to 1.002 .999 to .998 1.000 to 1.00L
.80 1.001 to 1.003 «999 to .997 1.001 to 1.003
.90| 1.001 to 1.006 .998 to .994 | 1.001 to 1.006
.95 | 1.003 teo 1,022 .997 to .987 | 1.002 to 1.012
.98 1.006 to 1.023 .995 to .972 | 1.008 to 1,02k
Wing and body
50| 1.008 to 1.012 .991 to .988 | 1.005 tao 1.008
.70 1.013 to 1.018 .987 to .982 | 1.010 to 1.012
.80} 1.020 to 1.026 .981 to .968 | 1.017 to 1l.022
.90 1.030 to 1.0%0 972 ta .953 1.028 to 1.037
.95 1 1.040 to 1.055 .961 to .938 | 1.039 to 1.052
.98 1,050 to 1.072 «950 to .929 1.049 to 1,072

SNAGA
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Figure 2.- Sketch of all-movable triangular wing and body.
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Figure 3,— Phobographs of the all-movable trianguler wing end body mounted on
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