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RESEARCH MEMORANDUM

TESTS OF LIFTING SURFACES ON CONICAL AND CYLINDRICAL
PORTIONS OF A BODY AT SUBSONIC MACH NUMBERS
AND AT A MACH NUMBER OF 1.2

By Robert S. Osborne and John B. Wright
SUMMARY

Tests of low-aspect-ratio triangular-plan-form lifting surfaces
located on the conical and on the cylindrical portions of a body have
been made at a Mach number of 1.2 and at several subsonic speeds In
order to determine if aerodynamic characterlstice of such surfaces at
supersonic speeds could be lmproved by locating them In the subsonic
conlcal-flow field resulting from employment of a cone with the proper

apex angle.

The lift-curve slopes were much smaller for the surfaces when
located on the cone than when on the cylinder. In the conlcal location
the drag coefficlents of the surfaces remained subcriticel through the
Mach number range tested, whereas for the cylindrical position super-
critical valuss were obtalned at a Mach number of 1.2. ILower drag for
a glven 1ift with the surfaces on the cone at a Mach number of 1.2
indicated that at low supersonic speeds improved aerodynamic charsascter-
i1stice could be obtained for the lifting surfaces by locating them in
the subsonic canical-flow field. In smy practlical epplicatlion of this
result, however, the high body drag asccompanying the use of the large
cone apex angle requlred and the small reglion of useable subsonic
conlcal flow must be consldered.

INTRODUCTION

One problem in the performance and control of alrcraft end missiles
at supersonic Mach numbers 1g the loss 1In 1ift effectliveness and increase
in drag of 1lifting surfaces caused by shock formation. Now it is well
known that in the fleld of flow sbout a cone at supsrsonic free-stream
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Mach mumbers, subsonic Mach numbers result from the employment of the
Proper cone apex angle. Although such cone apex angles are large and
result in high values of body drag, 1t would be desirable to know if
1ifting surfaces designed to operate subcritically in this reglon of
local subsonic flow would exhibit better 11ft and drag characteristics
in camparlison with operatlion in the supercritical free-stresm field.

In a preliminary test to determine Af the come positian were
advantageous, the 11ft and drag of a low-aspect-ratio triangulsr-plan-~
form 1ifting surface with simple alrfoll sections mounted on the conical
and on the cylindrical partions of & body wers measured. The investiga—
tion was made with a sting-supported model having an internsl balance
at & Mech nmmber of 1.2 and at several subsonic Mach numbers fram 0.6
t0 0.85 in the Iangley 8-foot high-speed tumnel.

SYMBOLS

M free~-stream Mach number

Cy, 1ift coefficient

Cp drag coefficlent

ACy, incremental 1i1ft coefficient of lifting surfeace
(C]-Bod,y + Surface B CIBod.y)

ACp incremental drag coefflclent of 1lifting surface
(CDBod.y + Surface cDBody)

i angle of Incidence of lifting swurface with respect to
body center line, degrees

a angle of attack of body center lins, degrees

8 angles measured fram body center line, degrees

Subscripts:

8 cone surface

W shock
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APPARATUS AND TEST

Model and Design

The exact geamstry of the flow pattern over cones at supersonlc
speeds depends on the stream Mach mumber and the cone apex angle.
Figure 1 defines the various reglons of flow that may exlist over a cone
at supersonlic Mach mumbers. These data, as well as obther thearetical
conical~flow date presented, were taken fram reference 1 wherein the
camplete characteristics of conlcal Fflow are tabulated for many cone
angles and Mach pnumbers.

For these tests, the flow in Region IT wae chosen as the most
deslirable of the four possible types because it permits subsonlc
veloclties 1n the area to be occupled by the 1ifting surfaces while
keeping the cone apex angle as small as possible. The conlcal-flow
field was camputed and Interpolated at a stream Mach number of 1.2
for a come with a semlapex angle of 17.59. The results are shown in
figure 2 for any cross sectlon at o = 0°. Radlating lines fram the
apex of the cone represent conetant Mach mumber values in the fleld.
The aresa, then, between the sonlc line and the surface of the cons is
& region of subsonic flow, and & 1ifting surface placed in this region
therefore should experilence subsonlic-flow phenamers whille the stream
Mach nurber l1s supersonic. Surfaces placed on the cylindrical partion
of the body behind the cane, however, &re in a reglon where a Mach
number of approximately l.2 should exist throughout the fleld.

A cylinder and cone were constructed to atbach to the forward part
of a hody of revolution. A drawing of the arrangement 1s shown in
figure 3(a), Simple airfoll sectlions were used far the 1li1fting sur-
faces. The detalls .of these surfaces are shown in figure 4. The
girfoll sections were camposed of £lat slides wlth flat teaper to the
leading edge and to the tralling edge, rounded leading edges, and
Talred edges fram flat to flat. The leading edge of the surface was
swept back %0°, and kept as far behind the cone apex as possible in
order to allow the three-dimensional conilcal flow to be establlished
befare the effects of the surface were introduced. The tralling-edge
sweep was O°., One set of surfaces only was dbuilt to £it interchange-
ably on the cone or the cylinder (figs. 3(b) and 3(c)) and have the
same exposed area (0.095 sq £t) in either position. There was no
filleting and no gap at elither the surface-cone or surface-cylinder
Junctions. Changes in angle of incidence were accamplished by rotating
the surfaces ebout the leading edge as shown in figure k.

The data in reference 1, and, comsequently, The flow fleld as

presented In figure 2, are based on the assumption that the cone is
semi~infinite. Since this is not the case for these tests, a
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deterloration of the comical-flow phenomenon would be expected as the
cylindrical portion of the body 1s approached. Tt 1Is probable, there-
fore, that the tips of the surfaces lle 1In a region of accelerating
supersonic flow and that completely subsonic phencmensa are not present
in this cone position. However, & large portlion of the area of the
surfaces 1s In & subsonic region, and compariscn with the surfaces in
a completely supersonic reglon will still provide information on the
general effects.

The short dashed lines in figure 2 1llustrate the flow directiom
through the fileld of the come. It is evident thet a greater effectlve
sweep exlats with the surface on the cone than wlth the surface ocn the
cylindrical portion. An approximate mean value of the angle of flow
at the leading edge of the airfoll relative to the undisturbed flow
direction is 8°, end the effective sweep of the leading edge of the
gurface an the corne is therefore approximately 48°.

Tunnel and Model Support System

The Langley 8-foot high-speed tumnel is of the closed-throat
gingle-return type. A wall liner In the tunmel provided a supersonic
test sectlion designed for a Mach number of 1.2 downstream of the
minimum section. The stream Mach number in the region of the surfaces
tested varled fram the deslgn value by only 10.01. The supersonlc
test section wes almo used to test the model subsonically, and for
this condition the highest Mach number which could be atteined before
the tunnel choked was 0.852:

The model was attached to a strain-gage balance which wae enclosed
wlthin the hollow body of revolution. The downstream end of the
balance formed & tapered sting which was attached to a telescoping
support tube through couplings used to vary the angle of attack. The
support tube was flxed axlially in the center of the tumnel by two
sets of support struts projecting from the tumnnel walls. The general
arrangement 1s shown in figure 3(d).

Tesats and Methods

The tests were conducted at a.ngles of attack of approxima.tely 0°
end with surface incidemces of -2.5°, 0°, 2.59, and 5° through a
subsonic Mach number range from 0.6 %o 0.852 and at the supersanic
Mach number of 1.2. The Reynolds number baged cn a lifting-surface
mean asrodynamic chord of 2.31 inches ranged fram 0.65 X 105 at a Mach
number of 0.6 to 0.73 X 10° at a Mach number of 1.2.
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Tests were made of the baslc body with cylinder and cone .
(fig. 3(a)), of the body with the surfaces on the cone (fig. 3(D)),
end of the body with the surfaces on the cylinder (fig. 3(c)). A
strain-gage balance within the body was used 1o measure the 1lift and
drag forces on the body free from any aerodynamlc forces on the sting
support. With a system of this type, the only tare 1s the interference
effect of the sting support on the body. Previous tare messurements
on & similer configuration have indicated that the effect on 11ft im
negligible and that the drag coefflclent based on the exposed 1lifting-
surface area used in the present tests is decreased approximately 0.03.
However, since the body was used only as a basis for comparison In the
present tests, tares have bsen neglected. Aerocdynasmic loads caused
bending of the sting so that the resulting model angles of attack had
to be cobserved at each test point by means of an optical light reflec-
tion instrument. Lift and drag cosfficients are based on the exposed
area of the surfaces.

PRECISION OF DATA

The maximum probable errors.in the data presented herein have
been estimated and are listed In the following teble:

Error
% ¢ ¢ &8 @ o & ® o ® s a4 & ® 8 e o e o o *« ® & o & 6 e e o io -01
OD e e e @« e a = . ¢ » & @ @« & @& @& 8 e & @& 5 e & ¢ & 4 o & s o '_".O -002
a,’ de@ee e & # e ® & &+ & 8 8 & & * s & &€ P B e @& 2 I e & s & o 5:0 cl
i 2 d-egree e & o €6 s & ¢ s s .I e & e e e & & 3 & e e s *r s & - ﬂ:o -l

The variation of the error in 11ft and drag coefficients with Mach
number is probably small.

RESULTS AND DISCUSSION

Lift and drag coefflcients for the various conflguratlions at each
test Mach number were plotted agalnst angle of atteck; for example, see
figures 5 and 6 for a Mach number of l.2. These data werse interpolated
and extrapolsated using straight-line fairlng to obtaln values at an
angle of attack of 0°., These data are presented as a function of Mach
number in figures 7 and 8.

In order to campare the characterlstics of the surfaces In the two
locations, body-alone date were subiracted from body-wlth-surface data
at an angle of attack of 0° in order to obtaln incremental values for
the surfaces alone. These valuss, then, necessarlly comtain any effects
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of surface-body interference, which 1s not disadvantageous since
surface-body interference would certainly be a factor to be consldsred
in evaluating the relative merits of the two surface locatlions. These
data as a function of surface incldence are presented in fligures 9

to 12.

It 1e evident that the 11ft effectlveness of the surfaced at a
Mach number of 1.2 (fig. 9) 1s much greater for the cylindrical poeition.
The slope of the 1lift curve for the conical position is 0.049, while
for the cylindricel position it 1s 0.085. At subsonic Mach numbers
(fig. 10), the lift-curve slopes are.also much greater for the surfaces
in the cylindrical position. The Iincrease of lift-curve slope wilth
Mach number is small as would be expected of a surface heaving a plen
form approximately that of a low-aspect~ratlio triangular wing. The
lower values of 1lift-curve slope wlth the surfaces 1n the conical
rosition are probably due to substream dynamlc pressure, greater
effectlive gweep, and a amaller effective aspect ratioc for the surfaces
in this locatlion.

In an effort to predict the lift-curve slopes, the aspect ratios
of the suwrfaces in each posliion were calculated using the exposed
semigpang indicated in figures 3{b) and 3(c) and the exposed area.
Using these values of aspect ratio and assuming the effective local
Mach number to be 0.94 in the case of the surfaces om the comse at
8 Mach number of 1.2 (fig. 2), the Welssinger method presented in
reference 2 ylelded values from 92 to 107 percent of those measured
for all Mach numbers and swrface locatlions except for the surfaces
on the cylinder at a Mach number of 1l.2. For this case, the supersonic
triengular-wing theory of reference 3 predicted & value 108 percent
of that messured. For all test conditloms, therefore, a theoretical
method could be employed to predict adegustely the measured results.

The drag of the surfaces at a Mach number of 1.2 (fig. 11) is
much larger for the cylindrical location and indicates that a drag
rise has probably occurred for this comdition, but not for the surfaces
in the conical-flow field. This drag rise 1s more evident in figure 12,
which presents the drag data for all Mach numbers tested. In order to
confirm these data the approximate drag-rise Maech numbers of the
surfaces in each location were calculated by assuming sn alrfoll-sectlion
eritical Mach number of 0.70, correcting for aspect ratioc by a method
in reference L4, applying the usual cosine factor to account for
sweepback, and assuming the drag rise to occur at a Mach number 0.05
higher than the critical Mach number. The resulting drag-rise Mach
numbers were 1.16 for the surfacee on the cone and 1.00 for the surfaces
on the cylinder. Since the effective Mach numbere at the surfece loce-
tions are approximately 0.94 for the conical case and 1.2 for the
cylindrical case, 1t becames obvious that a drag rise would be expected
for the cylindrical case, but not for the comnlecal location.
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Since the minimum drag for the surfaces on the cone at all Mach
numbere (fig. 12) is lower than would be expected from a comsideration
of skin frictlon alone, it must be assumed that there is a definite
favorable surface-body interference effect on the drag wilth the
gurfeces In this position. This effect 1s not obvious for the cylin-
drical locatlon. The greater Increase of drag coefficlent with
Increase In incidence of the surfaces in the cylindrical poslition is
Jue to the Increased 1ift of the surfaces in thils position.

The varliations of 1ift coefficlent wlth drag coefficient for the
surfaces in the two locations at a Mach number of 1.2 are presented in
figure 13. It 1s evident that for the lift-coefficlent rangs tested,
the delay 1n the drag rise and the favorable surface-body interference
effect on the drag realized by moving the surfaces from & cylindrical
to a conlical locatlon on the body have resulted in a comslderable
saving 1n drag for e glven 1ift. At subsonlc free-stream Mach numbers
such a comparlison would not reveal any definlte adventage of ome
location over the other.

It is indicated, then, that plecing the surfaces In the subsonic
conlcal-flow fleld does delay the adverse effects of compressibility
at supersonlic Mach numbers and does result in an advantags for this
location. However, In a practical application of these reeults, such
eg the design of comtrol surfaces For alrcraft or missliles, other
factors must be comslidered. High body drags are assoclated with the
compersatlvely large cone apex sngles required to produce the subsonic
conlcal-flow field. For instance, if the semlapex angle of the cone
were reduced from the present 17.5° to an angle of 10°, the area of
gubsonic flow over the cone would not exlst, but the body drag would
be reduced approximately 58 percent. This reduction in body drag
would be on the order of 600 percent of the reduction In surface drag
reallzed by locating the surfaces 1ln the subcritical conlcal-flow
fleld instead of on the cylindrical portlon of the body. Also, it is
clear from figure 2 that the reglon of subsonic conical flow 1s small
and that the use of surfaces lgrge enough to take asdvantage of the
lower drag for a given 1lift msy not be practicable.

CONCLUSIONS

The followilng may be concluded from tests of low-aspect-ratio
triangular-plan-form 1ifting surfaces located on the conical and on
the cylindrical portione of a body at a Mach number of 1.2 and at
gseveral subsonlc Mach numbers:

1. Much lower lift-curve slopes were indlcated for the surfaces
when on the cone than when on the cylinder. Suberiticel drag
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coefficlents were obtained at all Mach numbers tested for the surfaces
when on the cone, whereas supercritlical values were obtelned for the
surfaces when on the ¢ylinder at a Mach number of 1.2.

2. Considerably lower drag for a given 1ift for the surfaces in
the conical locatlion at a Mach number of 1.2 Indicated that at super-
sonic free-streasm Mach numbers an improvement In the asrodynamic
‘charascterisgtics of 1lifting surfaces could be obtalnsd by locating them
in the subsonic conical-flow field. However, In taking advantage of
this result in practical applications, the higher body drag associated
with the comparatlively large cone apex angle required and the smell
reglon of useable subsonlc conical flow must be comsidered.

3. Theoretical methods could be used to predlct adequately the
lift-curve slovnes of the surfaces in both locaticms at all Mech
numbers tested.

Langley Aeronautical Laboratory
National Advisory Committee for Aeranautics
Langley Alr Force Base, Va.
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Figure 2.— Flow field sbout come with 8y = 17.5°

:M= 1.21

(Lifting surface on cone also shown.)
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