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MODEL OF THE IOCKHEED YP-80A AIRPLANE

By Robert N. Olson and
Ieslie F. Lawrence

SUMMARY

With the primary objective of determining the accuracy with
which full-scale airplane characteristics can be predicted from .
high—speed wind-tunnel tests of alrplane models of small scale,
an Investigation has been conducted to determine the high—speed
performance and static longltudinal stability and control character—
istics of a 1/78-scale model of the Lockheed YP—8OA airplane.

High—speed aerodynamic characteristics are presented for speeds
up to a Mach number of 0.96. Comparisons are made of the relative
aerodynamic characteristics of the 1/78-scale model, a 1/3-scale
model, and & full—scale YP-80A airplane. These comparisons reveal
prematurely occurring 1ift and drag force breeks for the 1/78-scale
model, with the 1ift loss and drag rise following the force breaks
less severe than indicated by 1/3—scale and flight data. Tests made
to visualize the flow within*the “boundary layer of the l/78—ecale
model revealed s very long laminar boumdary—layer run over the wing
consistent with the scale of the tests. It is concluded that the
Reynolds nurmber effect on 1/78—scale results at high subsonic speeds
is such as to permit its use solely as a qualitative measure of the
full-scale aerodynamlic characteristics of an airplans.

Results of the stability investigation revealed a region of
static longitudinal instability to be present for the l/78—scale
YP-80A model at moderately high 1lift coefficients in the Mach
number range of 0.81 to 0.90. An sbrupt pitch—up motion, evident
for moderate Llift coefficients in this Mach number range (0.8 to
0.9) appeared in the 1/3—scale and full—-scale tests only at the
limiting Mach number of the tests (approximately 0.85 Mach number) .
This region of instability was effectively eliminsted for the 1/78—
scale model by sweeping back the leading edges of the horizontal
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and vertical tail surfaces 45°. Beyond a Mach number of 0.9, a
severe diving tendency accompanied by a rapid increase in longi-
tudinal stability was apparent for both the conventional and swept—
back—-tail configurations. .

Longitudinal—control tests of the conventional 1/78-scale
YP-80A configuration indicatod ineffectiveness of the elevators for
& 4° deflection, presumably a result of the low scale of the tests.
For an 8° elevator deflection the effectiveness was adequate over
the speed range investigated except for 1ift coefficients near 0.4
whgre the effectiveness dropped off rapldly beyond a Mach number of
0.81.,

Although, quantitatively, prediction of full-scale flight
characteristics from the present small-scale results 1s difficult,
trends in 1lift and dreg ‘forces and longitudinal stablllity and control
characteristics are indicated which should be of considerable value
to groups contemplating the test flylng of conventional alrcraft in
the range of Mach numbers corresponding to those of the present
tests.

INTRODUCTION

Investigations of Reynolds number effects on the aerodynamic
characteristics of alrfoll sectlons have Indlicated the unrellability
of usling low—scale date to predict full-scale characteristics at
subcritical speeds (e.g., reference 1), However, Ferrl, from the
airfoll tests of reference 2 wherein the Reynolds number range from
150,000 to 500,000 was investigated, concluded that the signifiocance
of Reynolds number decreased beyond the®critical Mach number,
becoming virtuelly unimportant for Mach numbers near unity. A
comparison of the low-scale Italian resulits with the 11ft and drag
characteristios obtained at high scale (Reynolds number 6,000,000)
showed large dlscrepancles, but Ferril attributed this lack of agree-—
ment to the differences in the testing techniques and equipment.
Same support was given to Ferri's contentlon when 1t was found
(reference 3) that the maximum 1ift of ailrfoils above about 0.5
Mach number wes gulte independent of scale.

To assess more thoroughly the effect of scale on the accuracy
of prediction of full-scale characteristlics from small-scale model
teats, the present investigation of s small-scale airplane model
was undertaken in the Ames l- by 3k —foot high-speed wind tunnel,
The Lockheed YP-80A airplane was chosen as the typical high—speed
alrplene to be used for this investigation because of the need for
data on the high-speed performance cheracteristics of this alrplans
at speeds In the supercritical, speed reglon beyond 0.85 Mach number
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(the limit of previous wind~tunnel tests), and because of the
availabllity of comparative date from both 1/3-scale model tests
(reference 4) and full-scale flight tests (reference 5 and
unpublished data on file at the Ames Leboratory).

The investlgation was conducted over a Mach number range of
0.50 to 0.96 with & corresponding Reynolds number veriation of
270,000 to 370,000. Tests were included to determine the statilc
longitudinal stability and control characteristics of the l/"{8—scale
model to be analyzed prior to intended £light testing of the YP-80A
alrplane to higher transonic speeds than previously attained. Also
included were tests to evaluate the effects on the longitudinal
stabllity characteristice of sweeping back the horizontaland
vertical—tail surfaces. These tests are of interest as regards
stabllity characteristics in that speeds are attained well in excess
of the critical Mach number of both the wing and the tail surfaces;
whereas in most previous investigations the test Mach numbers have
been well beyond the critical Mech number of the wing only.

Thus 1t was hoped to determine the extent to which high-apeed
wilnd—tunnel tests made at low scales could be used to predict full-
scale flight characteristics, and to give an insight into the
stabllity and control problems to be encountered at £light speeds
in the supercritical region beyond the limits of previous investi-
gations.

SYMBOLS

The followlng symbols are used in this report:

v free—stream velooity, feet per second

P free—stream mass density, slugs per cubic foot

aq free—stream dynamic pressure (é-pve) , DPounds per square
foot

M Mach number

R Reynolds number

S wing area, sguare feet

M.A.C. mean aerodynamic chord, feet

Cp drag coefficlent @—1;35)

o,
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1ift coefficient <%

CL

Cx normal-force coefficient <%orma;sforoe>

Cm pitching-moment coefficlent (Pit:zifATnt)

Do increase in pltching-moment coefficient

Q angle of attack of the fuselage reference line, degrees

Qo angle of attack of the fuselage reference line for zero
1ift, degrees

B elevator angle with respect to the stabilizer chord, degrees

P local statlic pressure, pounds per square foot

Po free—stream static pressure, pounds per square foot

P pressure coefficlent [(p-py)/a]l

APPARATUS ARD TESTS

A 1/78-scals model of the Lockheed YP-80A airplane, shown
completely assembled in figure 1, was made in three sections as
indicated in the exploded view of figure 2. The split construction
of the fuselage was necessary to permit the installation of a strain
gage for measuring pitching moments of the model. A schematic
drawing of this installation 1s presented in figure 3. The tall
unit was made detachable to permit testing of different tail
assemblies wilthout constructing a complete model for each configura—
tion. A separate brass taill unit was constructed for each of five
separate configurations: one of the conventional configurations
with each of 0°, —=4°, and —8° elevator deflections, a fourth unit
having 45° leading—edge sweepback of both the horizontal— and
vertical—tail surfaces, and & fifth comprising the tall-off
condition. These ‘tall assenmblies are shown in figure L. The wing
and fuselage sections of the model were machined from steel and
the entire model was cadmium plated and polished. After assenmbly
all screw holes were filled with a glazing putty and smoothed.

The model was supported by tapered steel stings having a
3/32—inch diameter hole drilled through the center to permit
passage of the electric leads for the pltching-moment strain
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gage sltuated within the model. Angle—of-atitack variation was
accomplished by mounting the model successively on each of five
bent stings.

The sting was mounted on & straln-gage balance beam supported
by four cantilever springs riding on bearing ways fastensd to the
balance housing. This housing completely shrouded the beam and was
held in position at the center line of the tunnel by means of stesl
cables fixed to the tunnel walls. The relative sizes and positions
of the model, support, and balance are indicated in figure 5.

In figure 6 is presented a three—view sketrh of the model, the
Principal dimensions of which are given in the appendix.

Force readings were taken through a Mach number range from
0.500 through 0.960, the Mach number at which a normal shock wave
formed at the balance boom choking the air flow, Lift, drag, and
pitching-moment measurements were made for the conventlonal
configurations for nominal angles of attack of —2°, 0°, 20, 4°,
and 6° for elevator deflections of 0°, —L°, and 8%, The tatilorr
and swept—back—tall configurations were tested through the samse
angle~of-attack and Mach number ranges.

The average Reynolds numbers based on the mean aerodynamic
chord of the wing for this test are given in figure 7 as a function
of Mach number,

Tests were made wlth a lO-percent—chord strip of carborundum
grains giued to the upper surface of the wing successively at the
50— and the 20—percent—chord stations of the model in an effort
to fix the transition from laminar to turbulent flow. In a further
effort to-increase the effective Reynolds number, s grid of bars
wvas installed Just upstream .of the test section to increase the
turbulence of the air stream. A liguid—-film method for measuring
transition, essentially a visual method for determining the nature
of the flow wlthin the boundary layer, was employed in conjunction
with this investigation. This method, described in detail in
reference 6, 1s based on the fact that the greater the surface shear,
the greater the rate of evaporation of a liguid film on the surface
of the model. Runs were made through the Mach number range for 0O°
and 4° angles of attack with and without the turbulence grid
installed and with carborundum glued to the upper surface of the
left wing at the 20-percent—chord station.

The tests were conducted in the Ames l— by 3+ —Ffoot high-speed

wind tunnel, a low-turbulence, two—dimensiona.l—-flsw, single-—return—
passage wind tunnel powered by two 1000 horsepower electric motors.

STy


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

6 CONEIMENTTEE™ NACA RM No. ATL2L4

REDUCTION OF DATA

All forces and moments were measured with respect to the wind
axils and are presented in the form of 1lift, drag, and pitching-—
moment coefficients. To obtain these results, balance readlngs
were multiplied by previously determined calibration vonstants to
give the forces parallel and perpendicular to the wind axls and the
piltching moment about a point at 25 percent M.A.C. on the fuselsge
refeorence line. The strain-gage balance cellbratlons were repealed
at frequent intervels to compensate for any shift in the slope of
the calibration curves over a periocd of time., Calibration constants
heve been found to be independent of tumnmnel pressure and temperature.
Zero readings, however, shifted over a considerable range with
changes in tunnel temperature. This shift, it has been found, could
be correlated with readings of thermocouples fixed to the base of
the strain—gage windings, All readings were corrected for this zero _ _
shift. ILift-dreg interaction, a result of a small component of the -
1ift acting upon the drag gage due to the strain—gage cantilever
springs deflecting under load, which has been found to be a necessary
drag correction at high values of 1ift, was found to be negligible
through the limits of this investigation. The possible existence ' i -
of nonrepeating errors was refuted by the excellent agreement of -
the results of repeated runs. i =

The initial angle of attack of the model was measured under
gtatlic conditions before each run by means of a helght gage and & -
leveled surface plate inside the test section. During the run
aerodynamic loads caused deflection of the sting in direct proportion
to the 1ift load involved. All angles of attack were corrected for v
this deflection. The deflections were calculated from the measured
1lift values, using constants previously determined by loading the
model statically at its center of pressure. Some uncertalinty exists ~
ag to the magnitude of error involved in determining the angle of A
attack by this method as the vibration of the model and support :
during testing was of sufficlent amplitude and frequency to prevent
any eccurate check by optical means.

Shrouding, provided the balance 1s senled to prevent the flow
of alr within 1%, serves to eliminate all serodynamic forces on
the sting. Deflection of the sting under high 1ift loads, however,
caused fouling ageinst the shroud at angles of attack greater than
4O, thus limiting the use of & shroud. Tares due to asrodynamic -
forces on the sting were determined from results of a seriles of ! :
runs of the model through the -2° to 4° angle—of—attack range with
housing and enclosed the sting to within 1/32 inch of the base of L=
the model. The 1lift and drag tares for angles of attack greater . -
then 4° then were determined by extrapolation of the differences

QQUE TRENTTAL. " =
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determined from the low angle—of-attack runs. All drag data in this
report are corrected for asrodynamic forces on the sting. The 1ift
tare was found to be negligible, so no corrections were applied.

The model was plvoted at the design center of gravity and the
pltching moment was measured on a strain gage situated inside of the
model, thereby eliminating the necessity of determining force tares
for moment. No attempt was made to correct for the unknown effects
of support interference.

The results, determined from the msasured 1lift, drag, and
pltching momsnt, have been corrected for the effects of tunnel~
wall Interference by the method of refersnce T.

The date were unaffected by choking phenomens at angles of
attack less than 6°, as choking at these lower angles was caused
by the balance housing which was situated well behind the model.
Data presented for choking Mach numbers at higher angles of atbtack
are consldered to be of doubtful value and are indicated by broken
lines. '

DISCUSSION OF RESULTS

Inasmuch as the primsry purpose of the dinvestlgation was to
determins the accuracy with which full—scale £light characteristics
can be predicted from high-speed wind—tunnel testes of small-scale
models, the high-—speed aerodynamic characteristics obtained will be
analyzed in conjJunction with l/3—scale model high—speed wilnd~tunnel
results (reference 4) and full-scale flight results. Results of
tests usling verious devices to Increase the effective Reynolds
nunber of the tests will be discussed in conjunction with an analysis
of the observed flow patterm in the model wing boundary layer.
Followlng this analysis, differences in the results obtainsd for the
various scale models will be compared with Ferril's findings on
Reynolds number effects at high speeds (reference 2). The longi—
tudinal stabllity and control characteristics of the l/78—sca,le
model will be analyzed in an effort to indicate some of the longi-
tudinal control difficulties to be encountered by conventional
ailrcraift when flying at hlgh subsonic speeds.

High—-Speed Aerodynamic Characteristics

In figures 8, 9, and 10, the drag and lift forces and pitching
moments of the 1/78-scale model sre presented in coefficient form .
as functlons of Mach number and angle of attack. Model—drag
coefficients as functions of Mach number are presented In figure 11
for 1ift coefficients from O to O.4. A comparison of the drag

o
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coefficlents for the alrplane as measured in flight, for the
complete 1/3-scale model as measured in the Ames 16—foot high—speed
wind tunnel, and for the 1/78-scale model as measured in the Ames
1- by 3%-—foot high-speed wind tunnel is presented in figure 12.

The wind-tunnel results are plotted for constant 1lift ccefficlent,

and flight results are presented for verious normal force coefficlents
a8 Indicated. For the low angles of attack represented by the
Indicated 1lift coefficlents, the difference betwesn 1ift coefficient
and normel~force coefficient is negligible. Results indicate lower
drag~divergence Mach numbers for the 1/78—scale model than for elther
l/3-ecale or full-scale models; also, the rate of drag rise past the
force break 1s appreciably leess than for the larger scele models.

The lift—coefficlent variation with Mach number &t constent
angle of attack for the 1/78-scale model is illustrated in figure 13.
Although these model results exhibit lift—coefflclent trends with
Mach number which are very similar to the 1/3-scale and full-scale
results, the magnitude of the 1ift coefficlent at a glven angle of
attack for the 1/78-scale model is at variance with the larger scale
results throughout the Mach number range of the tests, as demon-
strated in figure 1li4. Throughout the entire angle-—of-attack range
investigated, 11ft divergence occurs at a lower Mach nmumber for the
1/78-scale model than for either the 1/3-scale model or the full-
scale airplene. The 1/78-scale results exhibit lower 1ift coef—
ficlents throughout the speed range, and a more graduael decrease in
1ift coefficlent with Mach number beyond the force break than do
either the 1/3-scale or full-scale results. An increase with Mach
number In 1ift coefficlent beyond the minimum velue is 1Indlcated
for all angles of attack of the 1/78-scale results at Mach numbers
past the upper limit of the l/3—scale or full-scale tests,

The varlation of the 1lift—curve slope with Mach number for the
l/TB—soale modsl at the design 1ift cocefflcient 1s in eXxcellent
agreement with 1/3-soale results as indicated in figure 15. Algo
indicated are several values teken from full-scale results which
agree favorably with the smmll-scale results, although the scatter
is much greater due to the difficulty involved in obtalning these
datas under flight conditions. The l/78-scale results reveal an
inckease in lift—curve slope beyond & Mach number of 0.9 which
occurs beyond the limiting Mach number of the previocus investigations.

The angle for zero lift for the 1/78-scale model begins
shifting to‘a positive value approximetely 0.1 Mach number before a
similar trend begins for the 1/3-scale model with the increase
"occurring more gradually for the l{?B—scale model than for the
larger -gcale model. (See fig. 16.) The angle for zero 1lift attains
e maximum positive value for the 1/78-scale model at approximately
0.86 Mach number (the limit of the 1/3-scale tests) and thereafter

returns to a negetive valus.
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The pitching-moment coefficient variation with Mach number for
the l/78—scale model as a functlon of 1ift coefficient is presented
in figure 17. A comparison of 1/78-scale, 1/3-scale, and full-scale
pitching-moment results is presented in figure 18. The pitching~-
moment coefficient trend with Mach number is similar Pfor the various
configurations up to approximately 0.8 Mach number beyond which a
considerable discrepancy exists. The l/78—scale results do not
indicate the diving tendency in the Mach number range of 0.8 to 0.86
apparent from the larger scale results, but, to the contrary,
exhibit for 1lift coefficients above 0.1 a pitch-up tendency which
becomes more severe with increasing 1ift. As seen from figure 18,
an abrupt pitch—up motion appeared in Pull-scale tests only at the
limiting Mech number of the tests (approximately 0.85 Mach number).
During flight tests of the YP-80A, a sudden pitch-up motion of the
airplane occurred at a Mach number of 0.85 as the Mach number was
being decreased from 0.866 and resulted in a change in 1ift coeffi—
clent from 0.49 to 0.89 in about 1 second. (See reference 5.)

The prematurely occurring nose-up change in balance for the 1/78—
scale model is consistent with the previously noted effects of low—
gcale on the 1ift and drag characteristics. A diving tendency
becomes apparent for the l/TB—scale model beyond a Mach number of
0.90 and increases in severity to the limiting Mach number of the
tests.

The pltching—moment coefficient variation with Mach number for
the 1/78—scale YP-80A model is qualitatively similar to that for the
Bell XS-1 airplane (reference 8) in the transonic—speed reglon as
seen from figure 19, This similerity suggests the possibility that
stability and control problems evidenced by the l/78—scale YP-80A
model test results are not peculiar to the specific model tested,
but are representative of stability and control problems to be
encountered by conventlonal aircraft when flying in the range of
Mach numbers corresponding to those of the present tests.

Scale Effects

In an attempt to effectively increase the scale of the present
tests by forcing a local flow over the model wings which would
correspond to Reynolds numbers of the order of full-scale flight
tests, carborundum was applied successively to the upper surfaces
of the model wings at 50 and 2C percent of the wing chord so as
to fix transition from leminar flow to turbulent flow at these
respective positions. Aerodynamic characteristics were determined
for the model in these condltions over the range of test Mach
numbers. No significant changes In the principal force ani moment
characteristics were observed for either model condition, indicating
that the carborundum was not effective in fixing transition. In a

... ians v
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further effort to increase the effective Reynolds numbers of the
tests by forcing early transition from laminar to turbulent flow,

a grid of bars was Installed Just upstream of the wind-tunnel test
section to increase the turbulence of the air streem. Several model
tests were made and then repeated with the grid removed. No appreci-
able changes in the model force characterlstice were effected through
the increased turbulence. ’

To determine the nature of the flow within the boundery layer
and how it 1s effected by the carborundum and turbulence grid a
liquid—film method for visuallzing boundary-leyer flows, previously
noted under Tests, was used in conJunction with the turbulence grid
tests. A strip of carborundum was flxed at the 20-percent—chord
station on the upper surface of the left wing of the'l/78—scale
model for these tests. Results indlcate no significant differences
in the flow patterns over the model with and wlthout the turbulence
grid. In flgure 20 are presented the flow patterns for the 1/78-
scale ‘model for 4° angle of attack and 0.6 Mach number as obtained
with and without the turbulence grid installed. The carborundum
was apparently ineffective inasmuch as the over-all flow pattern on
the left wing was little changed from that of the right wing; the
only significant difference belng an alteration in the flow at the .
tip.

Referring to the boundary-layer flow photographs of figure 20,
a wet region, indicative of low surface shear in the boundary layer,
appears &8 & white area on the model surface; and, conversely, a dry
reglon, indicatlve of high surface shear in the boundary layer,
appears as a hlack area. The presence cf the wet reglon Just aft
of the leadluyg edge of the right wing indicated low surface shear _
in this reglon and could denote separation of the laminar boundary
layer should & sufficiently adverse pressure gradient (decelerated
flow) exist there. A tendency to separation of the laminar boundary
layer, according to reference 9, could be present at a point near
the nose of an airfoll at any moderately high 1ift coefflcient if
the Reynolds number is not sufficlently high to meke the flow
turbulent at that point. An examination of the pressure distribu~
tion over an NACA 65,215 (a=0.5) airfoil section (reference 10),

e section closely related to that of the subJect model, for
comparable Mach number and angle of attack, however, indlcates

that a favorable pressure gradient (accelerated flow) exists over

the forward portion of the airfoll, thereby precluding the possibility
of a tendency to laminar separation. The inconsistency between the
pressure gradient, as lndlicated from the probable pressure distribu—
tion and the pressure gradient necessary to support the indicated
flow pattern, led to the conclusion thet the l/78—scale model wing
section was probably inaccurately machined. A metal casting of the
profile of the model wing wag mede and cut at a specified section to
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check the accuracy of the ordinates. The variation of the measured
with the intended ordinates is shown in figure 21. The positicn and
magnitude of the maxIimum thickness is as specified and the profile
beyond this point 1s within the allowable accurecy; therefore, only
the portion forward of this position is illustrated. The measured
profile was found to have & larger leading—edge radius and, conse—
quently, thicker nose section than has the specified NACA 657-213
(2=0.5) low—drag section.

The pressure distributién over the measured profile, presented
in figure 22, was calculated by the method of reference 11 and

corrected by the Glauert compressibillity factor ~1-32 ., An adverse
pressure gredlent is seen to exist over the 5- to l5-percent—chord
region of the upper surface of the alrfoil mection. The Indicated
pressure recovery is not sufficient to support laminar separation,
but does support the contention of lcw surface shear in the boundary
layer in this region. Further evidence in support of the flow
pattern indicated for the 1/78—scale wing is evident in the favorable
rressure gradient existing over the 15— to 25-percent chord region
of the upper surface, the effect of the favorable gredient being to
speed up the energy-deficient alr In the boundasry layer close to

the surface, thus increasing the surface shear and drying that
portion of the wing surface. Aft of the 25—percent chord position
the wet area 1s consistent with & laminar boundary layer subject

to an adverse gradient. The dried reglon in the latter 15-percent
of the wing chord indicates that transition to turbulent flow has
occurred.,

The abnormally long laminer run of the boundery layer indicated
by the foregolng analysis 1s further evident in the fact that the
fuselage 1s wet over the entire length of the model with no indica—
tlon of turbulent flow even behlnd the canopy or alr initske bulges.
Thus 1t seems likely that the marked differences between the
1/78-scale end full-scale results, as indicated by the resultes of
the present investigatlion, are due mainly to differences in scale,
although the unpredicted modification in the specified sirfoil
section for the 1/78-scale model may be & contributing factor.

The thickening of the forward portion of the wing probably
contributed to & lowering of the force divergence veloclty and to
an inerease in the angle of zero 1ift beyond the critical Mach
number for the alrfoll section.

The merked differences between 1/78-scale and full-scele
results, described in the foregolng sections, are significantly
similar to those Indicated in Ferri's results of reference 2. Data
on an NACA 0015-64 airfoil, obtained in the 1.31— by 1.7k—foot
high-speed wind tunnel at Guldonia, Italy, at & Reynolds number of
about 500,000, are compered with those obtained in the 8.86-Fcot

D
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diemster high-~speed wind tunnel at the Deutsche Versuchsanstalt fixr
Luftfahrt (DVL) in Germeny at approximately 6,000,000 Reynolds
number, The results from the two tunnels are at variance, especilally
at high epeeds. As 1llusirated 1n figure 23, the drag divergence
Mach nurber indicated from the 500,000 Reynolds nurber results is
lower and the rate of drag rise past the critlcal speed less than
indicated from the 6,000,000 Reynolds number results. Also, as
illustrated in figure 24, the lift-force bresk for the low Reynolds
number tests occurs at a lower Mach number and 1s followed by a more
gradual decrease in 1lift than for the high Reynolde number tests.
This lack of agreement 1s attributed by Ferri to the difference in
testlng technique end the proportions of the testing systems. From
the analysis of the results of the present 1lnvestigatlon, however,
it would appear that this lack of agreemsnt ls more probably due

to differences in scale.

Longitudinal Stabllity

Below a Mach number of 0.84, the 1/78-scele model of the
YP-80A airplane exhibits adequate longitudinal stability with little
variation throughout the lift-coefficient range of the test. (See
fig. 25.) Beyond this Mach nunber a gradual decrease in static i
stablility is evident up to a Mach number of about 0.90 with the
moet pronounced change occurring at high 1ift coefficients. Beyond
thls Mach number, however, & sudden increase in longitudinal
stability becomes epparent. The diving tendency, shown to exist
beyond a Mach number of 0.90, when accompanied by this rapid
increase in longitudinal stebility, presents & serious longltudinal r
control problem.

The l/78—scale mocéel with the taill removed exhlblts a gradual
decrease in statlic longitudinel instability with Increesing speed
up to & Mach number of about 0.80. (See fig. 26.) Beyond this Mach
nurber, & reversal of longitudinal instebility 1s indicated between ' _
1ift coefficients of 0.1l end 0.4 up to the limiting Mach number of _
the teet. This reversal of instability is evident from 1/3-scale
tests (reference 4) only at 0.85 Mach number, the limit of the tests.
At & Mech number of about 0.95, however, the 1/78-scale model without
taill is stable throughout the lift—coefficlent range investigated.

It has been found from an Ames l6-foot high—speed wind—tunnel
investigation of a model tall plane with 0° and 45° sweepback
(unpublished data on file at the laboratory) that Mach number effect
on stabllizer effdctiveness can be alleviated by sweepback. There—
fore, in an effort to lmprcve the longitudinal-stebillty character—
istics at supercritical speeds, the leading edges of the horizontal-
and vertical-tall surfaces of the l/78—scale model were swept back h5°.
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The area of the horizontal tall and elevator were maintained
effectively the seme as those of the original surfaces, while the
vertical—tail area wes increased some 30-percent. Results from
tests of the swept-back~tail version of the subject model (fig. 27)
indicate that, below a Mach number of sbout 0.83, the swept-back—
tail model exhibits a lesser degree of static longitudinal stability
than does the conventional configuration. Beyond & Mach number of
0.83, the swept—-back—tail configuration tends to become increasingly
stable with increasing Mach number to the limits of the test except
for a small region of instabllity at a Mach number of sbout 0.93 for
1ift coefficients of 0.4 to 0.5. This region of instability at high
1ift coefficilents occurs for the conventional configuration at
approximately the same Mach number as for the swept—tail version.

In general the static longitudinal-stability chasracteristics
of the 1, 78—scale model of the YP-80A airplane were improved by
sweeping back the leading edges of the horizontal— and vertical—
tall surfaces in that the region of instability at moderate 1ift
coefficients in the Mach number range of 0.83 to 0.90 was eliminated.

Longitudinal-Control Effectivensss

Increments in pltching-moment coefficient produced by various
elevator deflections are presented in figure 28 for the l/78—scale
model of the eubJect airplane, The marked ineffectiveness of the
elevators for the —i° deflection for low 1lift coefficients was
presumably due to the effects of low Reynolds number inasmich as no
comparable ineffectiveness was evident from the 1/3-scale model
test results of reference 4. An elevator deflection of —8° produced
a pitching~moment coefficient increment of about 0.140 at a Mach
number of about 0.70, for low-lift coefficients, with very little
loss in effectivensss with increasing Mach number. For comparable
Mach number and 1ift coefficient, 1/3-scals tests indicate a
piltching-moment coefficient increment of about 0.08 for a —8°
elevator deflection with but a slight decrease in effectivensss
at higher Mach numbers. At a 1ift coefficlent of 0.4k, for the
1/78-scale model, elevator effectivemness for the —8° deflection
dropped off rapidly above & Mach nurber of 0.80, increasing
slightly again at & Mach number of 0.93.

CONCLUDING REMARKS

A comparison of 1/78—scale teat results with those obtained at
higher Reynolds numbers dlsclosed marked differences betwesn 1/78—
scale and full—scale aerodynamic characteristics. Most significant

s urenature occurrence of the 1lift

and drag force breaks for the 1/78-scale model. ILess prominent,
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but none the less important, 1s the msrked lessening in severity of
the 1ift loss and the reduction in the rate of drag rise after the
foree breaks. An early increase in angle of zero 1lift ls evident
for the 1/78-scale model, while the variation in lift-curve slope
with Mach number is in excellent agreement with the hlgher Reynolds
number results. Local boundary-—-layer flows over the model wing,
indicated by the liquid-film tests and supported by the calculated
pressure distribution, revealed & very long laminer run of the
boundary layer over the wing of the l/78-scale model which was
conslistent with the low scale of the tests.

The statlc-longitudinal stebility of the l/78-scale model,
above a Mach number of about 0.81l, gradually decreases with
increasing speed up to a Mach number of 0.90. Beyond thls speed
a very severe diving tendency is apparent sccompanied by a sudden
increase in static longitudinal stadbility. Sweeping back the
horizontal and vertical-tail surfaces of the 1/78-scale model
effectively eliminated the reglon of longitudinal instability at
moderately high-lift coefficlents in the Mach number range of 0.83
to 0.90. _ '

Longitudinal—control tests for the conventional 1/78-scale
model of the YP~80A alirplane showed marked ineffectivensss of the
~4° glevator deflection attributable, apparently, to the small
scale of the model. The ~8° elevator deflection remained effective
throughout the Mach number range of the tests for low=lift coef-—
ficlents. For lift coefficlents near 0.4, however, a rapid loss
in effectlveness was evident beyond a Mach number of 0.81 with a
slight gain in effectiveness apparent at a Mach number of 0.93.
As in 1/3-scale test results, no significant loss in elevator
effectiveness with Mach number is evident below 0.81 Mach number
throughout the lift—coefficient range of the tests.

Although trends in 1lift and drag forces and stability and
control characteristics of an airplane can be predicted from small-—
scale high—speed wind-tunnel tests, differences with full-ecale
flight characteristics can be expected because of Reynolds number
effects. :

Ames Aeronautical Ieboratory,
Fational Advisory Committee for Aeronautles,
Moffett Fleld, Calilf.
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APPENDIX

THE FRINCIPAL DIMENSIONS OF A 1/78-SCALE
MODEL OF THE LOCKHEED YP-80A ATRPLANE

Wing

SPBN. & o s ¢ 4 4 6 a4 s 2 0o o s o & o
AYO8 4 o ¢ o o 6 s 6 ¢ s s o s e o s
M. A. C. s o & o a2 s 8 s o s s v &
Root section . « o« o ¢ o o ¢ o & & &
Tip sectlon v« « ¢ o o o o o o a o o &
DihedYal . 2 v o o ¢ o o o o s o o
Iiootincid.ence...........
Tip incidence e o« 4 s & o o s o o o
Taper ratio (tip chord/root chord) .
Horizontal taij

SPENL . 2 o o o o ¢ o o o s s 0 o o
Ares (tOBBL) v « v o o o« o o o o o &
Dihedral .+ ¢ o o o ¢ « o o o o o o &
Section e o o 8 o o & o s o 4 s s o
Incidence . « o« o ¢ o ¢ ¢« s o s o o+
Taper ratio (tip chord/root chord) .

Tail length (25 percent of the M.A.C.
elevator hinge line) e e e v s e

Elevator eree aft of hinge line

15

. 6 inches

e e o 5.61 square inches

1.03k inches

s 0 NA.GA 651—213, a = 0-5

. « HNACA 657-213, a = 0.5

e e 1.03

s e 3°ll-0'
. e e . 1°

.0
e o o = —'é'
.+« 0.38
2.396 inches
square Inches

[ ] L] e [ ] * Oo
. NACA 65-010

L4 L [ ] o léo

e o o s o o e s o s o 0.364

to the

2.530 inches

0.206 square inch
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Vertical tall
Span (height above fuselage reference line) . . . . 1.218 inches
Area (tot2l) & 4 4 v ¢ o o ¢ o ¢ 0 o 0 8 o o 0.53 square inch
Seotion . o o o o o o 0 0 o e v e o e 00w s .. TNACA 65~010
TRCLAONCE « « o o o o o o o o o o s o s o o ot o oo o ee . O°
Taper ratio (tip chord/root chord) . . . « v o o ¢ « « « 0,400
Dimensions for swept~back tail:
Horizontal tail
Sweepback (leading ed@e) .« + ¢ o o o o o 4 s s 0 0 o o o s 45°
DINOATBL « o « « o o « o s o o o e o o s o s o s 0 oo oo 0
SEOTLON 4 v o 4 o o o s s s u s e o o e oo o o+ NACA 65010
SPE 4 4o 4 o e o s o s 6 o e o o s s s o s o s s 2,336 inches
AYO8 ., , v 4 o o o o 6 s 6 o o s s s s ¢ L.209 Bguare lnches
INCLAONCE &+ 4 o o o o o o s o o o o s s a0 o s s s e s 0O°
Taper ratio (tip chord/root chord). . « « « « « o o « o o O.U4ll
Vertical tall
Sweepback (leading @dge). . ¢« ¢ ¢ v ¢ o« ¢ o ¢ o o s o o .\ 45°
Span (height above fuselage reference line), . . . 1.400 inches
ATes ., 4 4o ¢ o o ¢ o ¢ 6 5 ¢ s s ¢ a o o o 0.93 Bquare inch

Inc iden“ ® L L] L4 L LJ L L L] L L [ ] L ] . L] * . L] L4 L] L] L] L] L] L4 oo

Taper ratio (tip chord/root chord). . « « « o ¢ ¢ » & » » 0.409
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Figure l.— The 1/78-scale model of the YP-BOA airplane (sting mounted),
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Figure 2.,— Exploded view of 1/78-00&16 model showing spllt
conatruction and internal pitchlng-moment strain gage.
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Figure 4.— Tall assemblies used in the 1/78-scale YP-BOA model tests.
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Figure 6.- Three-view drawing of the | /78-scale

model of the YP-80A airplane.,
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Figure [2- Gomparison of variation of drag coefficient? with
Mach number for the !/78-scale model of the YP-80A
with results of flight lests of the YP-80A airplane and
wind-~tunnel tests of a 1/3-scale YP-80A model.
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Figure [2- Gomparison of variation of drag coefficient with
Mach number for the |/78-scale model of the YP-80A
with results of flight tests of the YP-80A airplane and
wind-tunnel tests of a 1/3-scale YP-804 mods/.
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Figure |4.- GComparison of variotion of lift coefficient with Mach
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Figure 15.-Comparison of varlation of lift-curve slope with Mach
number for the |/78-scale model of the YP-804 with results of
flight tests of the YP-80A airplane and wind - tunnel fests of a
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() Run with grid installed. (p) Run without grid.
Top view, Top vilew.

s

A-11876

(¢) Run with grid installed,
Side vlew.

Figure 20.— Flow pattern for the 1/78-acale model of the YP-8QA airplane as
1ndicated by the liguid~film method for msasuring transition. Angle of
attack, 4°; Mach number 0.6.

#ZILY *ON WY VOYN

3



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

. T——


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

I
| | [ [ [ T [ TTTTT]
—~——-¥/78 -scale mode! YP-804 wing profila, L, E radivs: | 728
NACA &65-213, o*085, airfoll profile, L, E. radive: /174
. .200 .080
E75
8 ﬁea‘ :{ el — - — =
N | -’87 ! .£|02 J | _ L —|~ ._--_:-"‘""' A
20 . 1 ==
61- f 400 i Jﬁ—: P e B
© L7258 | 448 | || L e
. l L __——-_:l_""r
o 348 +-L~T4
< : —Y= ——
[ l - j//
) 23
-~ A
o Zvks
@ ‘/1i/ i !
(29 va g
S of ' t
Q 2 4 6 0| 12 M| /6 8|20 )22 )| 24 ) 26| 28| 30| 32 Iy
" -y
< et
'S f.‘--‘-ﬁ* - [t 4
6'4 259 i e N [::___ —
L. 284 332 l - "“"—-::-_:#m:-_,—! - ] :
T [ 388 . | ] y ]
-6 h.260 ' 247 .183 .080
. | o0o .000
L40 W- —
| g Mt

Station, percent chord

Figure 2I- Comparison of NAGA 65-2/3 proffe with the wig secion of
the I/78-scafe model of the YP-80A airplane. (ANl stations, ordinates,
and waridtfons i percerd chord )

HSLLY ‘ON WY VOWN

C



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

L6 NACA RM No. A7L2k

-2
-LO /L\\ Upper surface
~J
NIERNDZ4hSY
. D I~
I~

-6 \\

Q \~
N
- -4 N
§ AN
S -2 -
N i I~ ]
§ 0 pr Lower surface \\ N\
\ N
7 NEN

o .2 / NN }
< / \\\
% N
@ /
° 4
Q

sl

8

Lo

'_!T' S NACA -~ A
lL.2 l I A

) 0o 20 30 40 50 60 70 80 90 [oO

Chord, percent
Figure 22.- Theorstical pressure distribution for e measured wing section
of the l/78-scale model of the YP-80A airplane. Angle of altack, 4°;
Mach number, O6.


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

NACA RM Fo. ATI2h 47

A4 T 1
Lo -5 aanad E .
’ ) r X Guidonia
A2 o A/. 575-in.
chord
i
S | /
ovVLi Y
'cé‘ l.638-ft chord g
-3 .08 . 148-ft chord
by
©
8.06‘
S
3.04 u—?""’:.”
z:ﬁ
02 .’ﬂ
O— —
0 —tii L1
4 ] 6 7 - 9 1.0

Mach number, M
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Figure 28.- Elevator effectiveness for the 1/78-scale model
of the YP-80A airplane.
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