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Lift and drag characteristics of a 60° delta-wing interceptor
glrplane incorporating fuselsge extension and indentation have been
detérmined in flight. The data were obtained over the Mach number
range from sbout 0.7 to 1.15 and for altitudes of 25,000, 40,000, and
50,000 feet. These date are compared with the lift and drag character-
istics of an airplane with a similsr wing, but which did not incorporate
modifications to indent or lengthen the fuselage, to determine whether
transonic drag was reduced at high Reynolds numbers by improving the
cross-sectional-area development.

The results of the investigation indicate that anticipated tran-
sonlc drag reductions have been realized, the reduction smounting to
about 0.0050 in drag coefficlent at a Mach number of sbout 1.1. This
reduction amounts to about 25 percent of the drag rise for the proto-
type airplane. The reduced transonic drag of the modified airplane
resulted in an improvement in meximum lift-drag rétio of sbout 15 per-
cent in the supersonic region.

There are significant changes in longitudinal trim which result in
less trim dreg for the modified airplane. These éhagges in trim amount
to from 1° to 2° less control deflection needed by the.modified airplsne
at moderate 1ift conditioms.

Three sets of comparsble model data are Included. These low Reynolds
number tests indicated reductions In drag coefficient, due to indenting
and extending the fuselage, ranging from 0.0025 to 0.0045 at a Mach number
of sbout 1.1.
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INTRODUCTION

Wind~tunnel investigations and theoretical studles have led to .
methods of reducing the drag of airplanes at transonic speeds. Flight-
tests of delta-wing interceptors at the NACA High-Speed Flight Station
were initiated to determine at full scale the reductions in drag which
could be achieved by smoothing the cross-sectional-area development and
by cambering the leading edges of a delta wing.

The technique of smoothing the area development, popularly known
as the asrea rule (ref. 1), has been used to lmprove the performance
of a cambered delta~wing alrplane recently tested at the High-Speed
Flight Station at Edwards, Calif. Details of the resultant transonic
drag reduction .are. presented herein.

The modifications 1nvolved in smoothing the area development con-
sisted primarily of lengthening the fuselasge to improve the fineness
ratio and indenting the fuselsge in the region of the wing to reduce
the overall meximum cross-sectional area. The resultant configuration
wlll henceforth be referred to a8 the modified alrplane.

The drag characteristics of the modified alrpiane are compared to
those of a delta-wing alrplane incorporating only the cambered lesding-
edge improvement (fuselage extension and indentation not incorporated)
Details pertaining to this conflguration, referred to in this paper as
the prototype alrplane, are presented in reference 2.

In addition, comparison is made with unpublished data from
1/20-scale, 1/5-scale, end equivalent-body models which also incorpo-
rated fuselage extension and indentation.

SYMBOLS
A alrplane cross-sectional area, sq ft
ag longltudinal gcceleration, g units
an normal acceleration, g units
Cp : drag coéfficient, D/gS
ACyp _ difference between the minimun drag coefficient above the

drag rise and the minimm drag coéfficient at the begin-
ning of the drag rise
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1ift coefficient, L/qS

lift-curve slope, deg~l

normal-force coefficlent, Whﬂ/qs )
Fh, - Wag

longitudinal-force coefficient, '_'?ﬁi—__

mean aerodynsmic chord, ft

drag force along flight path, 1b

jet thrust, Ib

net thrust, 1Ib

ram drag, 1b

grevitational acceleration, ft/sec2

1ift force normael to flight path, Ib

maximum 1ift-drag ratio

fuselege length, ft

Mach number

ambient pressure, 1b/sq ft

_dynemic pressure, O.TMEPO, 1b/sq £t

Reynolds number based on mean aerodynemic chord, pVE/u
wing ares, sq ft

true airspeed, f£t/sec

alrplane weight, 1b

angle of attack, deg

Bar + 8g

2

effective longitudinel control deflection, L

,» deg
viscosity, lb-sec/ft2

alr density, slugs/cu ft



b Ogiiipnamnny NACA RM BSTE29

Subscripts: =L S _ . -
L left : L .
m modified

ye) prototype

R right

ATRPTANES AND MODELS

Alrplaenes

The prototype airplene ie -a 60° delta-wing interceptor powered by
a slngle turbojet engine wilth afterburner. The engine 1s supplied air
through twin side inlets which Join shead of the compressor fece. The
alrplane does not have a horizontal tall but utilizes elevons at the
wing trailing edges for longitudinal contrcl. Detalled physical charac~
teristics of thils slrplane can be found in teable I.

While the genersal physical features of the modified asirplane are
the same as those mentloned In the preceding paragraph, certain impor-
tant detalls have been changed. The wing is the same with the exception
of the trailing-edge reflex &t the wing tips which has been reduced from
10° to 6°. The fuselage has been greatly modified from that of the proto-
type, as can be seen in the photographs of figure 1. The overhead views
of fligure l(a) show the extended nose, the indented fuselage, and the
added volume at the tall cone on the modified alrplsne. The slde views
shown in figure 1(b) illustrate the fuselage extension shead of the wing,
the duct inlet changes, and the addition of itail-cone pods on the modi-
fied airplene. The vertical tsil has been moved resrward sbout 2 feet
relative to the mean aerodynemic chord and the overall increase in fuse-
lage length is sbout 11 feet. The effect of these modifications on the
cross-sectionsl-sres distribution is shown in figure 2 and a comparison
of the physical characteristics of the two sirplanes can be seen in
table I. Three~view drawings are shown for comparison .in figure 3.

I
J

Models

1/20~-gcale models.~- The two 1/20-scale models (one prototype, one
modified) were tested in .the lLangley 8-foot transonic tunnel by Kenneth E.
Tempelmeyer ard Robert S. Osborne. The wings of both models were cam-
bered similar to the full-scale wing; however, the fence at the 37-percent .
semispan station of the full-scale wing was not employed on the wing of
elther model.
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The specifiic deviations of the models from exact models are as
follows: for the prototype model, the fuselage was 0.2 inch smaller in
dlameter and the tail cone gbout 1.l lnch shorter than a true scale model;
for the modified airplane model, the emount of tralling-edge reflex out-
board of the elevon was 10° up instead of 60, as on the full-scale alr-
plane. In addition, this model had a shorter nose than the full-scale
airplane and 1t did not have pods at the tail cone or simulated ailr flow
through the duct system. However, rearward from the canopy the fuselsge
was modlfied according to the same concepts as were used in modifying the
full-scale alrpleane.

;jb-scale models.-~ The two l/5—scale models were rocket-propelled
vehicles tested at the Pilotless Aircraft Research Station by Harvey A.
Wallskog. Both models had symmetrical section wings without trailing-
edge reflex; however, both had air flow through the duct systems.

The specific deviations of the models from exact models are as
follows: for the prototype model, fences were mounted only at the
67-percent-semispan station, and, in addition, the fuselage was slightly
enlarged at the base; for the modified sirplane model, there were no
fences and the nose was shorter than that of an exact model. * Rearward
from the canopy the fuselage was modified according to the ssme concepts
as were used for the full-scale airplane.

Equivalent-body models.~ The approximate l/60-scale equivalent-body
models were bodies of revolution machined from steel and aluminum with
three hexagonal-section stgbilizing fins pinned in place along the afier-
body. The equivalent cross—-gectional dquet area was subtracted from the
body of revolution along the inlet reglon to the base and, in asddition,
the cross~-sectional area of the stebllizing fins was removed from the aft
region.

TNSTRUMENTATION AND ACCURACY

Instrumentation

The modified airplaene carried standard NACA recording instruments
and synchronizing timer for measuring quantities pertinent to the 11ft
and drag investigation. Fuel quantity (for determining the center-of-
gravity location and sirplane weight) was recorded by the pilot from a
stendard cockpit instrument.

Free-gstream total and static pressures were obtalned from polnts
T9 inches and Tl inches, respectively, shead of the intersection of the

o, S
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noge cone and the nose boom. Angle of attack was measured by a vane
located 52 inches shead of thils intersection.

Tatal temperature used to calculate thrust was measured by a
shielded resistance-type probe located beneath the fuselage. In addi-
tion, total pressure at the compressor face was obtalned by 30 probes
(5 probes on each of 6 radial rekes) located immediately shead of the
compressor face. Flush static orifices located near the total-pressure
survey station provided staetic-pressure measurements for the campressor
face. Tallpipe exit total pressure was obtained by an air-cooled probe
located nesr the nozzle exit plane of the afterburner.

Accuracy

The angle of attack was measured for the modified alrplane at a
polnt 52 inches shead of the intersection of. the nose cone with the nose
boom, which was gbout 6 inches greater than the distance for the proto-
type sirplene. Hence, the angle of attack as meassured should experience
gpproximately the same (or less) upwash as was encountered in the proto-
type airplane investigation of reference 2. Because the effects of
pitching velocity and inertia loads were accounted for and the physical
detalls of the vene-boom system are similar to those of the prototype
alrplene, the overall angle-~of=gttack accurscy is belleved to be ZO. 25
at Cp, £0.2 and M =~ 0.8, the same as that for the prototype

Installation.

The remsining instrumentatlion used in the present studles 1s simi-
lar to that—employed in the prototype airplane, hence the details per-
taining to accuracy in reference 2 are valid for these tests. It 1s
concluded that the error in drag coefficient for summsry datae (which were
derived fram faired basic dats) for CL 0.2 is within 0.0010 except for .

the Mach number région between.(0.93 and 1. 02 during the drag rise where
the error.is gresater.

METHOD

The accelerometer method was used to determine the 1ift and drag
characteristics of the test airplane. This method employs the following
equations:

Cy, Ci cos oo = Cx sin q

Cp = Cx cos a + Cy sin a
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where
W
CN = i
asS
and
o = Fn - Waz

asS

The single~-probe method was used to obtaln tallpipe total pressure (used
- in computing F ) and the inlet-duct method was employed in determining
F,.. Detalls regarding these methods of drasg and thrust measurement can

be obtained In reference 3.
TESTS AND PRESENTATION OF BASIC DATA

The tests consisted of wind-up turns and push-downs at epproximsate
pressure altltude levels of 25,000, 40,000, and 50,000 feet. These tests,
conducted over the Mach number range from 0.70 to71l.15, covered the
Reynolds number range fram sbout 30 X 106 to T5 X 10° based on the mean
aerodynamic chord. Center-of-gravity locatlon for these tests was
between 28 end 29 percent of the mean aerodynsmic chord.

Some of the besic flight date for the modified airplene are pre-
sented in figure 4 which shows the variastlon of CL with o for various

constant Mach numbers, end in figure 5 which represents the veriation of
Cy, with CD for the seme Msch numbers. These deta and ell full-scale

data to follow represent the trimmed condition.
DISCUSSION OF RESULTS

Comparison With Prototype Airplane

In the following sectlon the trim, 1ift, and drag characteristics
for the modified and prototype alrplsnes are compared to determine the
effect of the fuselage extension snd indentation. Because the center-
of-gravity position limits were the seme for both airplanes, 28 to

0_4
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29 percent of the mean aerodynsmic chord, differences 1n trim control
deflections are attributeble to the conflgurstion chenges comprising

the modifications; thus, 1t 1s proper to compare the data of the two *
configurations at their respective trim longltudinal control deflections. '
Figure 6 indicates that there are significent differences .in trim

resulting in from 1° to 2° less control deflection needed by the modi-

fied airplane-eat positive 1ift. It should be noted that the modified air-

plene requires less pilot-induced trim at positive 1ift even though

thig airplane possesses less Puilt-in trim in the form of trailing-edge

reflex.

A comparison of the variation of C]._bL with Mach mmber is shown

for the two alrplenes in figure 7. The comparison indicsates close
agreement—between the two configurations for lift coefficients from
0.05 to 0.30.

A significent-sdvantege in meximum 1ift-drag ratio for the modified
airplene is shown in figure 8. This improvement smounts to sbout 15 per-
cent of- (L/D) for the prototype alrplene in the supersonic region.

In the subsonic region the advantage of the modified airplene resulis
from reduced drag due to 1ift. The reduced drag due to 1lift can be - )
recognized in figure 9(a) by comparing the slopes of the curves for
the two slrplsnes. -In figure 9(b) the variation of CD with C. 1is
shown for the two airplanes. .

A more graphic indication of the reduction. of drag attributable
to the modifications is a comparison of the variastion of drag coefficlent
with Mach number as shown in figure 10. The zero-1lift drag for the modi-
fied alrplane is slightly lower at the lowest test Mach numbers but is
essentially the saiie” as the zero-1ift drasg for the prototype alrplane
prior t¢ the drag rise. In the supersonic region the zero-lift transonic -
drag adventege of the modified eirplane smounts to gbout 50 drag counts ’
(0.0050) at M = 1.1. This is approximately 17 percent of the supersonic
drag level of-the prototype alrplane or 25 percent of ithe prototype-air-
plane drag rise. As cen be seen, the transonic drag reduction is essen-
tially the same for CL =~ 0 2 (a usable lift coafficient) as for zero
1ift. -

Comparison of Flight Results With Model Tests

It is of interest to compare the effects of greatly modifying a
configuration at full scéle with the predictions of model tests at me
Reynolds number. Many mcdels of this femily of airplsnes have been
tested. Unfortunately, the models of the modified airplene tested in
the transonic region do not incorporate all the external physical fesa~
tures of the full-scale airplene. However, 1/20- emd 1/5-scale models

CONEEREREE, .
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with indented and extended fuseleges snd spproximately 1/60-scale
equivalent-body models have been tested and the results of these tests
are compared with models of the prototype a.lrplane of the same respec-
tilve size.

The Reynolds number range covered by the model tests, along with
certain other pertinent deteils, is campared with the full-scale air-
planes in table II. Other details can be found in the sectlon entitled
"Models." The area distribution for each of the models 1s expanded to
its full~-scale edqulvalent and 1s campared to the full-scale sirplanes
in figure 11. As can be seen, the models of the modified airplene are
shorter than the full-scale modified sirplene and the cross-sectional
areas of the 1/20-scale modified model is greater then the other models
or full scale because the inlets were faired over. For each of the other
models, with open inlets, a mass-flow ratio of 0.9 was assumed, hence 0.9
of the inlet capture ares was subtracted from the camplete model cross-
sectionel area. A nmass-flow ratio of 1.0 was agssumed in removing inlet
ares from the egulvalent-body models.

As cen be seen in table IT, the full-scale data represent the trimmed
condlition, whereas the 1/5-scale models have sbout 1.5° of longitudinal
control deflection and the remaining models have none. While there is
no suiltable way of edjusting the model date to the respective trim level
of ite full-gcale counterpart, it is believed that the increment of tran-
sonic drag attributable to the out-of=trim condition of the various models
i1s probably within the sccuracy of the data.

The transonic drasg-rise varlatlon with Mach number for the prototype
and the modified asirplane is shown in figure 12 for each model and for
the full-scale airplane. In this case the drag rise ACD is defined as

the difference between the minimum drag at Mach nmumbers above the drag
rise and the minimum drag immedistely prior to the drag rise. Part (b)
of figure 12 shows the net improvement provided by the modifications.
The Improvement is defined@ as the difference between ALy for the proto-
type airplane and ACp for the modified airplane. As can be seen, the
improvement as predicted by the l/20-sca.le model agrees dquite well with
the full-scale results, being epproximately 45 drag counts at M= 1.1.
The improvement as predicted by the l/5—sca.le models is sbout 25 drag
counts at M = 1.1, while for the equlvalent body the improvement is
sbout 40 counts.

CORCLUSIONS

A .comperison of the flight 1ifft and drag cheracteristics of the.
modified airplane and the prototype ailrplane gave the following results:

.

5
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1. The anticipated transonic drag reductlions assoclaeted with the
modifications have been realized. The transonic draeg rise for the modi-~
fied airplane is about 0.0050 lower than for the prototype airplane at
s Mach number of 1l.1l. This reduction smounts to about 25 percent of the
drag rise for the prototype airplane.

2. Meaximum lift-drag ratio for the modified alrplane is fram 10 to
20 percent higher in the subsonlc region and gbout 15 percent higher in
the supersonic region. The modified alrplane has slightly lower drsg due
to 1lift in the subsonic reglon.

3. There are significant changes in longitudinal trim which result
in less trim drag for the modified alrpleme. These changes in trim
amount to 1° ta 2° less control deflectlion needed by the modified air-
plane atmoderate11ft conditlions.

L. Three sets of comparsble model deta st low Reynolds number indi-
cated reductions in drag coefficient, due to indenting end extending the
fusela.ge ) rang:Lng from gbout O. 0025 to 0.0045 a.t 8 Ma.ch number of about
1.1.

High-Speed Flight Station,
Nationsl Advisory Committee for Aeronsutics,
Edwards, Calif., May 9, 1957.
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TABIE IT

COMPARISON OF PERTINENT PHYSICAI, CHARACTERISTICS AND

REYNOLDS NUMEER RANGE FOR THE TEST VEHICIES

Center-of- . u Fineness |pypanegs
Approx- Amount| gravity eynolds|s, for| ratio of tio of
Designation imate Internal |Cembered of tip|position, | number theoretical A
alrflow wing ¢ (Pinimm ’ fuselage
scale reflex| percent % 10 C., deg equivalent only
MAC v’ body
Airplane: o
Prototype Full Yes Yes 10” up| 28 to 29 [25 to T7| Trim 6.9 8.5
Modified Full Yes Yes 6° up| 28 to 29 |30 to 75| Trim 9.1 10.4
Rocket model:
Prototype 1/5 Yes ¥o 0 21.9 |15 to 39| 1.3 6.8 8.5
. Modified 1/5 Yes No 0 22 16 to 45] 1.5 8.4 9.5
Wind-tunnel model:
Prototype 1/20 Yes Yes (100 wp| 29.6 |4 to k.8] © 6.5 8.2
Modified 1/20 No Yes |10 up| 29.6 |b tolL.8| O 7.8 8.8
Equivalent-body model: | _ )
Prototype 1/60| [Duct area -— b t08 | ==—- 6.9 ——
subtracted
from bhody
Modified 1/60 —— b t0 8 | =mnm 8.2 —

62HLCE WY VOVN
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E-2350

Prototype airplans

E-2551

Modified alrplane

(a) Overhead views.

13

Figure 1.- Photographs of both airplanes.



Prototype alrplane

(b) Side vieus.

Figure 1l.- Concluded.
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760

530

(-]
307 —— 601

| 458
{actual )

-1

(a) Modified airplane.

Flgure 3.- Three-view drawings of both alrplanes. All dimensions in
inches.
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629

458

(actual)
(b) Prototype airplane.

Figure 3.- Concluded.
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Figure 6.- Flight trim cheracteristics.
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Figure 7.~ Variation of the lift-curve slope with Mach number. Cj, £0.3. Trimmed flight.
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Figure 9.- Comparison of 1lift-drag relationship et selected Mach numbers.
Trimmed flight.
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Figure 10.- Varietion of drag coefficient with Mach number.
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Figure 1l.- Cross-sectional-area distribution for equivalent-body models, l/EO-scale and
1/5-scale models, and full-scale airplanes.
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(b) Difference in transonic drag coefficient increment between prototype
airplane end modifled airplane.

Figure 12.- Transonic drag characteristice of prototype alrplene and modified airplene for full-

scale airplane, 1/5-scale and 1/20-scale models, and equivalent-body models.
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