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LONGITUDINAL STABILITY AND STALLING CHARACTERISTICS OF
A 1/8.33-SCALE MODEL, OF THE REPUBLIC XF—12 AIRPLANE

Iéj' Edward P—epper end Gerald V. Foster
SUMMARY

The XF-12 airplane 1s a bhigh performance, nhote—reconnaissance
aircraft deslgned by the Republic Aviation Corporation for the
Army Air Forces. A series of tests of a 1/8.33-scale powered model
was cornducted in the Langley 19-foot pressure tunnel o oblain
information relative to the asrodynemic deelgn of the ailrplane.
This report presentu—~the resulte of temts to determine the static
longitndinal stability and stalling characteristics of the model.

From this investlgation it was indicated that the airplane will
possess & positive static margin for all probable flight conditions.
The stalling characteristice are consldered satisfactory in that
the stall initiates near the root section and progresses toward
the tips. Early rocot section stalling occurs, wlth the flaps
retracted and may cause undesirable tail buffetinhgy arnd ervatic
elevator control in the normel flight range. From conslderations
of sinking speed landing flap deflections of 4CC may be preferable
to 55° or 65°.

INTRODUCTION

The XF-12 alrplene was designed by the Republic Aviatlion
Corporation to provide a long—renge, high-eltltude, hlgh—-speed,
photo—reconnaissance aircraft for the Army Alr Forces. The alr-—
plane is conventlonal in design wlith a normal gross weight of
103,000 pounds, a wing span of 129.17 feet and a wing area
of 1640 square feet. The alrplane is equipped with four super—
charged Pratt & Whitney R-4360 engines, cepable of delivering
3000 horeepower at take—off.

- -
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During the early design stages of the XF-12 alrplere, &
preliminary analysis of the longitudinsl stablility cherscteristics
was mede by NACA (reference l). Subseguent investigations by
WACA were made to deternmine the ssrcdynamic characteristice of
several of the component parts of the XF-12 airplans, the results
of which are reported in relerences 2 to Q. ’

To furnish additional informatior pertinent to the aerodynanmic
characteristics of the XF-12 design, the Alr Materiel Command,
Army Air Porces, hasg requested that an investigation be conducted
in the Langley 19-foot pressure tunnsl of a 1/8.33—scale complete
model of the XF-12 airplane. This paper presents the results of
that part of the investigation made to determine the static
longitudinal stabllity and stalling characteristics for varlous
power conditions end flap deflectlons.

COEFFICIENTS AND SYMBOLS

The pomsitive directions of the forces, moments, ard angular
displacements of the alrplane and control surfaces are shown ia

figure 1. The coefficlents and symbols used are as follows:
117t cosffictent (L/;ls) |

longitudinel—force coefficient (X/qS)
pitching-moment coefficient (M/gSc)

effective thrust coefficient (T/2qD?)

torque coefficient (Q/2qD3)

1128 (<2)

force aloné longitudinal axls

force along vertical axis

pitching-moment aboult center of gravity

effective thrust of one propeller

DHZNHH({DJB;‘)#HQ

torque of one propeller
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:t_'r_ee—stream dyns.mic p,ressure_(-%o'?e)

mean aerodynamic ckord (M.A.C.) of wing
(2/s J’b/ 6y = 1.61 £t for the model)

airfoil sgction chord

wing spanr (15.51 £t for the model)

wing area (23.6 sq £t for the model)

propeller dlameter (1.94) £t for the model)

mass dénsity of eair |

free—gtream velpcity

velaclty at duct inlet

indicated %elocity

Reynoids number (cVS/n)

Mach rumber (V/a)

sonic veloclty

coefflicient of viscosity

engle of attack of wing root chord line

gtabllizer incidence relative to wing root chord line,

* poslitive with trailing edge down

elevator deflection with respect to gtabllizer chord
line, woeitive with trailing edge down; subscript
"erim" denotes elsvator deflectlon when Cp = O

flap deflection with respect to adjacent wing section

chord line

propeller blade engle at 0.75 tip radius
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BCm/ait varistion of pltching-moment coefficient with stebilizer
incidence

0/  variation of pitching—moment coefficient with elevator
deflection

: Symbols for the several power conditions are presented in
table I.

MODEL AND TESTS

Model

The 1/8.33-scale complete model of the XF-12 airplane is
shown in figure 2 set up in the test section of the Langley 1l9-—foot
pressure tunnel. Principal dimensions and general design features
are presented in figure 3 end table II. The model is of steel-
reinforced wood constructicn. The surfaces were sprayed with
lacquer snd kept smooth by filling irregularities with glazing
putty and finishing with fine abraslive peper. The electric,
water, and prossure—tube leeds werse coaducted to the model through
the rear support strut falring.

Wing.— The wing embodies the Repiblilc Aircraft Corporation
airfoil sections designated as R-&, 40-318-1 at the root oul
R~l, 32-413-.6 at the tip. The pressure distributions over these
alrfoll sectiors are spproximately the same as those of
NACA 65-series sections with similar cember and thickness.
(See reference 5.) The ordinates of these sections are presented
in teble IITI. The maximum thickness of the root and tip sections
ere 18 and 13 percent, respectively, at 40 percent chord. The
wing tips have & geometric washout angle of 4° formed by a uniform
twist from 52.5 percent of the somispan as shown In figure 3.
& straight line perpendicular to the axls of symmetry connects
all the 50-percent chord locations.

The wing is equipped with double-slotted, partial-spen flaps
that extend spanwise from the fuselage to approximatelg 61.5 percent
of the semisps. The model flaps may be deflected 209, 40°0;

559, and 65° from the retracted position as shown in figure 5 and
ere fixed in position by sultable steel brackets.

Dive~recovery flaps used durlng the tests were 1lnstalled on
the lower surface of the wing as shown in figure 6 at 15 percent
of the wing chord between the fuselage end the outboard nacelles.
Deteils of the dive—recovery flap instelletlion are given in

figure T.
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Tail surfaces.~ The horizontal tall is attached above the
fuselage to the vertical tell. The model elevators differ from
the fuil-scale tail design in that internally see’ed balances are
not provided. (Sus fig. 8.) Felt wiper seals are installed to
prevent alr-—flow through the stabilizer—elevator gap. No elevator
trim tebs are provided. The elsvator was set manuaily through
a range from 152 to —25° and was fixed in the desired position by
hinge clamps. The strbilizer Incldence is adjustable through o
range from 3° to —6.5° to the wing root chord lins. The rudder
was locked in the neutral position for this investigstion.

The complete empennage (horizontal and veriical tall and after
portion of the fuselage) 1ls removable and was replaced by a
fuselage tall cone for the tvst runs with the tall removed.

(See fig. 9.) .

Wing ducts and nacelles.— The model has duct inlets situated
at the leading edge of the wing between the inboard and outboard
nacelles. It was found, from studles of the orlginal Republic
designed ducts in the Lanzley propeller-reasecarch tunnel, that
Interral flows of this duct limited the critical speeds of the
airplene to unsatisfactorily low values. Consequently a new gst
of duet lips, deslignated NACA wing duct inlet nmumber 5, were
developed (reference 9) to allow larger velues.of airpiane critical
speed. Both duct inlets were tested on the model. A comparison
of the physicel charecterlstlcs of the two gets of duct lips is
glven in figure 10,

The internel air flows were regulated by means of adjustable
doors at the exlit ports, located on the underslde of the nacelles
.as noted in figure 6. Measurements of the quantity rate of flow
through the ducts were obtained with the aid of total~ and
statlc~-pressure tubss located in the exit portes and cormmected to a
multiple—tube manometer.

Each .of .the four modsl nacelles was provided with adJustable

- co¥l exit openings to allow regulation of the lntermel flow through
.the ocowl. The model nacelle afterbodles are faired to moderately
streamlined shapes. The full-scale nacelle installations differ
from this in that the afterbodies are cut off blunt to allow an
openin§ for the turbo—supercharger exhaust (to gugment the propeller
thrust .

. . Propellers and motors.— The four-blade, right—hand, adJuatable—~
pitch, tractor model propellers are geometrically .similar to the
airplane propellers., The propeller hubs are externally contoured

to simulate the spinners. Dummy spinners(weré evailable for tests
with propellers removed. . . - . .
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Each of the four propellers was driven by a water-cooled
induction motor that was housed within the nacelle and was capeble
of continuously developing 20 fooi~pounds of torque at rotational
speeds up to approximately 6000 rpm. A varisble frequency alternator
supplied the current and speed control for the four movors.

Fugslage and protuberances.— The fusselage has a fineness ratio
of 9.03:1 and 1s clrcular in croes section about a straight line
extending from the nose to the tall. The maximum dismeter of
the fuselage ococurs at the 50 percent chord line of the wing root
chora or about 38,6 percent of the fuselage length from the nose.
ghe fuselage is equipped with models of an astrodome and. & radar

ome.,

When the flaps were deflected the tricycle landing gear and
wheel-well doors were extended to simulate the full-scale airplane
configuration. The wheel wells in the fuselage and under surface
of the wing were not reproduced on the model.

" Test Conditlions and Methods

The investigation was made with the denslty of the air
in the tunnel meintained at approximately 0.00535 alug per cubic foot.
Most of the tests were conducted at a dynamic pressure of approxi-
mately 27.5 pounds per square foot which gave a Reynolds number
of about 2,400,000 and a Much nuwber of approximately 0.09. A
few test runs were conducted wlth propellers removed at a dynamlc
pressure of approximstely 55 pounds per square foot, which roughly
correasponds to & Reynolds number of 3,400,000 and a.Mach nmumsber
of 0.13.

Stabilizer and elevator tests.— Most of the tests were made
by verying the angle of attack from low to high velues for each
of the seiected stabilizer and elevetor settings. The stabllizer
characteristice were obtained for 1; equael to 3°, -9, and -6.5°
with. 85 equal to 0°,. For the elevator tests the stabilizer
incidence was set at —2° and values of 8, were chosen to cover
a satisfactory range of flight conditlons. .

Power conditions.— The full-scale power condltions slmileted
during tThe test are listed in table I. The model propellers were
operated so that T, varied with OCj for the several power
conditions as shown In figure 11. The power conditlon for e gross
weight of 77,500 pounds was selected to cover the condition with
very light loading end mey also be used to mome exbent to estimate
the airplane characteristics with power ratings above 3000 horsepower
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per engine. The values given in flgure 10 are based on estimates of
the full-gcale propel;er characteristica with the thrust line
incidence equal to G°. The variation of T, with, Cf for the
100-percent rated-power condition {not shown) and (M.P. o
approximately the same. Ko autempt was made to simalate the
relatively small emount of thrust due to the reaction of the full-—
scale turbosupercherger exhaust. Calibrations of the model
propeller were made with the thrust line incidence at 0° to determine
the variation of T, with Q¢. A blade angle zatting of 21, 59

was selected to obtain a reasonable approximation of Q; &as shown
in Pigure 12. An anelysis indicated that variations from these
curves would have small effect on ths longltudinal stabllity results
-and therefore did not warrant other blade angle settings during

the test.,

Test runs of the model wlth power on were made by varying
the thrust coefficient with the angle of atteck &t a constant value
of dynamic pressure to simulete constant power conditions. For
the military power conditioms, the maximum values of 1lift coefficient
that could be attained during the tests were limited by the amownt
of torque available from the model motors. .

Duct and nacelle sir-flow condlitions.— While most of the
investigation of the 1/0.33-scale complete model of the Republic
Xp-i2 airplane was conducted with the NACA wing duct inlet number 5,
gome preliminalry tests were mads to determine the effect of the
Republic desigred wing duct inlets on the stall progression and
maximm 1ift coefficlent. As 1t was Infeasible to slmlate full-—
scale alr flow for all flight conditions, values of duct entrance
velocity ratioc were selected that would closely represent the full-—
scale condltions most generally approached in flight. An abtempt
was made to similate these conditions by adjustment of the exlt
port doors. The values of Vo/V obtained during the test are
as follows: ST

Vo /V
&f - o 011 quuier Intsrcooler end
(deg) | {deg) : charge air
Deslred | Obtalned | Deslxed | Obtalned
0 2.2 0.40 0.39 0.20 0.21
65 }11.2 55 «398 .62 . 61

SMeximum opening of exlt port.
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The exit port opening used for the tests with the original
Republic duct inlels were duplicated for the subsequent test runs
with NACA wing duct inlet number 5. The following values
of - Ve/V resulted:

Vo IV
¢ , @ 1011 coaler] ntercooler and
(geg) | {deg) charge air
o} 2.3 0.63 0.27
65 J1.6 41 .86

The changes In entrance wveloclty ratio wers roughly proportional
to the Inlet area change of the two duct configurations so that veluea
of flow coefficient for the two ducts were approximetely the sams,
When the flaps were deflected 20°, 40°, and 55°, the exit-port
settings were the same as for the condition with the flaps
deflected 65°.

- No measurements were made of the guantlity rate of air flow
through the nacelles. However, high values were sustained by
utilizing the maximum openings at the cowl exlits in all tests
except where noted.

Teat runs with tufts attached to the model were made with
maximum cpening of cowl exlt and with cowl entrances sealed as
shown in figure 13. These tests 1ndicated that the internal air
flows obtained during the lnvestligation should not adversely
influence the longltudinal stablllty results to any eppreciable
extent.

Tuft studies.— The flow characteristice over the upper surface
of the wing, nacelles, and fuselage were determined by the observation
of wool tufts. The tufts were fastened to the wing upper surface
with thin strips of cellulose tape at approximately 30, 50, 70,
end Q0 percent of the wing chord and spaced about 5 inches span—
wise. The attitude of the model was changed during the test runs
from low to high values of angle of atback. At every angle of
attack that the flow pattern changed appreclably, as indicated by
the tuft behavior, sketches were made and motion plcture film
recordas were obtalned.

DATA COMPUTATIONS AND CORRECTIONS

The data are referred to the gtabillty axes, which are a
gystem of axes having thelr origin at the center of gravity 1n which
the Z-axis is in the plane of symmetry and perpendiculer to the
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relative wind, the X-axls is in the plans of symmsisy end perperdicular
to the Z-axis and the Y-exis is perpendicular to the plane of symmetry.
{Ses Fig. 1.) The pitching moments are computed sbout the normel
center of gravlty located on the fuselzge center line at 27.43 percent
of the msesn easrodynemic chord.

Tares caused by model supgort-strut interference effects were
determined from tests of tke model with propellews reroved. These
tares have been spplled to the 1lift; lomgitudinal-forve, and
pitching-moment values. Jet-boundary interference corrsctions
heve been aprlied to the longltudinal-force, pitching-moment, end
angle-of—attack values, The longitudinal-force snd angle-of—
attack values have algo been gurrecbed for stresm angle ris—
alinement,

Tes®, acguracy.— In general, the test accuracy is bellevad +o
be as follows: '

Cy, 30,005
Gy +.0003
Cm %,00kL
a, degrees .05
8ys degroes £.190
1., degress .19

RESULTS AND DISCUSSION

The aerodynamic forces and maments messured during the
investigatior and analysis of the cate are presentel in non—
dimensional cosfficient forw in figures 1L +to 36. All the dats
ars for the model with the NACA wirg duct inlet mmber 5 unless
otherwiss noted,

STATIC LONGITUDINAL STABIIITY

Stebilizer characteristics.— The effects of stabilizer
inoidense on several aerodynamic charasteristics are presented
in figures 14 to 17. The results were obtained for several power
end flap conditions. Test data of cumparable model csonfigurations
with the tall removed are alsc included in these figures. The
results indicate that no seriocus loss of tail effectivensss dus
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to tell stalling will occur. Increases of power caused lncreases
in the values of aCm/Bit. The most pronounced changes ocour for
flaps retracted with values ranglirg from —0.04k2 for T = 0

to -0.072 for (M.P.)l at Cp equal 1.40. For all the flaps
deflected conditions testsd values of dCy/diy were within the
preceding limits. Values of aGm/Bit decrease slighily with angle
of attack for Tg = O or propellsrs removed conditions, It

should be noted that sharp breaks in the pitching-momernt curves

are experlienced when the [laps are retracted and the powsr is
moderately high. A possible cause of the breaks may be a decrease
in the downwesh at the tail resulting from early stalling of the
wing—root sactions., The wing stalling characteristics are discussed
in deteil in a subsequent section of this psper.

levator characteristlcs.— Test results are presented in
figures 18 to 22 to show the effects of the elevator deflectlon
on geveral asrodynamic characterletice of the model. The results
ars for several flap and powsr conditions., Trends in the variation
of dCp/dde are similar tc those noted for JICp/dity as expocted.
The most prorounced chenges ccenr for the flaps retracted condition
with values ranging from —0,029 for Te =0, O = 1.20
ts ~0.046 for (M.P.);, Cyp = 1.6, Bresks occur in the
pltching-moment curves similer to those experlenced with the
stabilizer tests as expected. These breaks occur at l1ft coefficients
below the stall and Indicate the possibility of encountering
erratlic elevaetor contreol in the high altitude climb conditlon.

Analysls.~ Inasmuch as elevator hinge moments were nob
nmeasured during the tests, an analysls has been made to estimate
only the elevator-fixed static longltudinal stebility characteristics
of the XF-12 airplane using the results presented in figures 18
to 22. The relatlon of the centr—of-gravity location with the
elevator deflection necesgsary for trim throughout the speed raase
was estimated for the airplane and is presented 1in flgure 23 for
the several flap eand power conditlons. Also shcwn on these cu .es
are the corresponding ulevator-flxed neutral points determined from
figures 14 to 18 by methods explained in reference 10, It is
agsumed in the derivation of thsse curves that the elevator
effectiveners will not be affected by control-tat deflection and
that the effect of the drag component cf the alrpleme on the
pitching-moment may be neglected. It 1s believed thet these
assumptions are reasonable on the premise shat for the range of
elevator gettings requlired for trim the control~teb deflection
will probably be small so that the varimtlicn of tail 1ifH with
elevator deflection wlll not be appreciebiy affected. Morasover,
for all but the low values of Vi the erfect of the drazg
component of the alrplane is negligitie and therefore will not
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serlously affect the results in the normal speed range. It is
believed that the foregoing assumptions are consistent with the eccuracgy
of the test meesurements.

In determinlng Vi & design gross weight cf 77,500 pounds was
included in the conventii%l 1i1f% equation for level flight to
give Vi = 135.896 (Cr) */<, miles per hour for (M.P.); and
103,000 pounds to give V4 = 156.642 (CL)™ /<, miles per hour for
the remaining power conditlons. Although these equatlons are
correct for only one speed {level flight), the error involved,
is less then 4 percent and corrections are therefore neglected.

It is convenient to use figure 23 to find the slevator deflection
necessary for trim for any normal speed and normal center-of-gravity
location (25 to 30 percent M.A.C.). It is indicated from these
results that sufficient elevator deflectlon for trim will be
aveilable for any flight condition encountered.

For conventence in determining the effects of power on the
longitudinal stabllity, the neutral point resulis ars summarized
in figure 2h. It mey be seen from this figure that, in gensral,
power has & destebilizing effect. The results of the neutral
points analysis indicates thet a positive statlic marzin will exist
for all flight conditions with the gross welght equal to 103,000 pounds
when the center of gravity is located at 30 percent mean aerodysrmilc
chord (most rearward location). For flight conditions with (M.P.);
the ailrpians will have a tendency toward instebillty at speeds
below 130 miles per hour.

LIFT AND STALL CHARACTERLSTICS

NACA wing duct inlet number 5.— The effects of flap deflection
and increase of Reynolds number on the 11ft characteristlcs for the

" model with the propelliers removed sre shown in figure 25. Also
inciuded are the longitudinsli~force and pliching-moment character—
istics. An increase of Reynolds number caused en increase 1In
maximum 11£t and the angle of attack at which maximum 11ft occurs,
At the higher Reynolds mumbers the maximum untrimmed 1ift coefflcient
with flaps retracted is 1.L1;with flaps deflectsd 55° it is 1,98

and with flaps deflected 65° 1t is 2.05.

A rough anslysls of the landing flight coniitlons was made for

the airplans with flap deflections of 409, 55°, and 65° at 110—percent
stalling speed as indicated:
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5y P : Sinking speed 110;?ercentd o
(sg) ower (£ts00 ) stalltgghiPee (2og)
4o Te = O 2h 121 G2
0.50(R,P.) L 103 11.2

55 Te =0 26 116 8.2
0.50(R.P, )} 7 100 10.1

65 Te = 0 29 118 7-1

[ L0‘5O(R.Pe) 10 97 1o.i

From the preceding values 1t may be seen that flap deflections

of 40° are more favorasble fram considerations of ginking speed.
There is 1llttle choice betwesn 550 and 65° for lowest landing speeds.
It seems likely that power will be necessary for landing as the
sinking speeds for T, = 0 are considered high, It skould be

noted that the ground angle for landing can not exceed 9.5°,

An indlcation of the effects of power on the 1ift and pitching—
mement characteristics may be readily cbtalned from figure 26 for
all the flight conditions tested. It is apparent that increase of
power caused marked lncreases in the value of 1ift coefficient for
all but the low angles of attack and caused decreases 1n the stable
variation of pliiching-moment coefficlent with 1ift coefficlent.

Lift values measured during the stall studies are shown
in figure 27. When the tufts were attached to the wing surface
the 1lift decreased by a slight amount below maximum 1ift as expected.
The effects of the tufts on the stall are believed to be negliigible.

The stall progressions for the model with flaps retracted are
Indiceted in figure 28 for Tg = 0 and 0,75 (R.P.). The stall
initiated along the treiling edge and gradually apread forward
towerd the leading esdge of the wing as the angle of ettack was
increased. The stall appeared to be evenly distributed along the
wing spen so thet the tip sections were not stalling out prematurely.
The right wing temded to stall more rapidly, especially at the
higher power, This phennmenon 1s assoclated with the incressed
angle of attack at the Inboard sections of the right wing induced
by propeller rotation. This effect indicates that the airplane
will probably roll to the right in a stall, Root stalling is
desirable at high angles of attack as & means for warning the
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pllot through tail buffeting of ‘approaching svall. . Early roou
stalling, howsver, may be undesirable because cf tail buffeting and
arratic elevator control in the normal flight range.

Figuye 29 containes the results of the stall studles of the
model with flaps deflected €5°., Stall progression patterns similar
" to those with the flaps retracted are lndicated except that less
severe root stalling occurred. Increase of power tended to diminish
the stall at the center sectlons (behind the wing duct inlet) dutb
eprarently affected the wing spanwlise load distributlon so that
at high angles of attack the tip stall was more pron.ounced.a

Stall studies wers made with the propellsrs removed at a
" Reynolds number of asbout 3,400,000 as shown in figure 30, The
stall was symmetrically situa.ted. over the wing span. The etudies
indicate thaet less tlp stelling end more stalling over.the center
sections occurred than for the case of the model with propellérs
at.a Roynolde number of about 2,400,000, These occurrences are not
attributed to the change in test Reynolds number but rather’ demon-
strate the influence of propeller operation on the:stall.- It is
belleved on the basis of the stall studies that the 'slipstreaﬁl from
the propsilers, in sdditlon to causing asymmetrical stalls aliso
tends to clean up the stall between the nacelles by deéressing the
boundary-layer thickness over the wing end hence delsyling separation.

With the nacelle cowl entrance sealed the stall results in
figure 31 show little change from those with meximum internal air
filow., (See fig. 30.)

Original wing duct inlet.- The results ¢f preliminary studies
of the aercdynsmic characteristics of the model equipped with the
originel Republlc designed wing duct inlet are presented in
flgure 32. A comparison with the 1lift and pltching-moment character—
istics of the NACA wing duct inlet number 5 (fig.-26)- indicates that
the model with the original duct lips has slightly lower values of
meximum 1ift coefficient., The dlfferences in the pitchling-— :
moment characteristics for the two wing d.u.ct inlet a.rrangements
are small, .

The stall progressions for the model with the original wing
ducts are presented inm figures 33 and 34. ILittle difference 1s
.noted between the steliing characteristics of the model equlpped
with the NACA wing duct inlet number 5 and of the model wi'bh the
original duct inle'b.
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EFFECT OF DIVE-RECOVERY FLAPS AND LANDING GEAR

Dive~recovery flaps.— The effect of dlve~recovery flaps on the
aerodynsmic characteristics. of the model with and without the tall
ie presented in figure 35. For these tests at compsretively low
Mach numbers, the resulis are consistent with results of tests of
other dive~recovery flaps. (See reference 1ll.} For the condition
with the dilve-recovery flaps removed, it 1s believed that model
deterioration ococurred during the time that elapsed .between the
runs with the tail on and the tall removed. This would explein to
a great extent the apparent discrepency in the longitudinel-force
data whers the tail-on condition shows less negative values than
the tail—ramoved condition. o

Landing gsar.— It is evident from figure 36 ‘that for the
cond1¥Ton With propellers removeéd, extension of the lending gear
will not appreciably affect the variation of 1ift and pitching-—
moment coefficient with angle of attack; but the langitudinal trim.
spesd will be affected and the 1lift coefficlient values will Dbe
decreased by a constent amount. The landing gear also caused a
constant increment increase in longitudinal—-force coefficient
throughout the 11ift range. o S

CONCIUSIONS

On the bagis of tests of a 1/8 33-scale complete nowered model
of the Republic XF-12 airplane, the following concluslons are .. .- -
indicated-

4

le The airplane will possesa & positive static marsin for .
the most rearward center—of-grevity location at 30 percent
meen asrodynemic chord except at low speeds at sea level with
militaxy power and e low gross weight of 77,500 pounds.

2. Sufflcient elevator will be available to trim for all
conditions. ™

3. The stalling characteristics are considered satisfactory
for all flight conditions although flap deflectilon tends to produce
legs root stalling. However, with fleps retracted eerly root
gection stelling occurs and mey ceuse undesirable tail buffeting
and erretic elevator control in the normal flight range.
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4, Landing flap deflections of 40° may be preferable
to 550 or 65° from considerations of sinking speed..

..

54 The NACA wing duct inlet number 5 willl a.llcw slightly
larger values of meximum 1ift coefficlent than the Repub]ic designed
wing duct inlets. ‘

Langley Memorial Aeornautical Leboratory .
Netional Advisory Coamittee for Aerona.utics .

langley Field, Va.
Ellrg el Leffu..
Edward Pepper .
Aerona.u‘bical Engineer

| /Wz;// J Z.

s . Gorald V. Foster
t‘;éf,,,?:w, /"5/ Léw—r&?” Aeronautica.l Engineer
Approved.: _ . St
Clinton H. Dearborn
Chlef of Tull-Scale Research Division

CJB
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TABLE I

IULL-SCALE POWER CONDITIONS

 Simleted in tests of the 1/8.33-svale model of the XF-12 alrplans |

Pover Brake Cooling-fan| Airplens Engine Propeller
gonditlon Symbol | horsepowsr | horsepower gross Atitude speed | Gear 4 Speed
(per engine) | (per fam) v?isl)lt (£t) (rm) | ratio¥ - (xpm)
1b

Military | (M.P.); 3000 5h 775500 0 2700 | 0.425 | 1148
powar (SB& lev Bl)

Military (MPe)p 3000 54 103,000 ¢ 2700 Jos | 1aub
power (Sea. level)

To-percent | 0.75 1875 20 103,000 0 1500 125 638
rated (R.P.) (Sea level)

power

50-percent | 0.50 1250 1 103,000 0 1500 425 638
rated (R.P.) (Sea level)

power

Te =0 Ty =0 Low Low Al All Low 425 Low

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS

cTIOT "OoN W VOVH

8T




<N 19

TABLE IT

NACA RM No. L6L12

DESTGN CHARACTERISTICS OF THE REPUBLIC XF-12 ATRPLANE
AND A 1/8.33-SCALE XF-12 MODEL

Ttom Full acale 1/8.33 scale

Wing:

Root cliord (theoretical)

Section (Republic) R-4,40-318-1 Bk, 0~318-1
Chord. 17.79 £% 25.63 in,
Angle of incidence 20 20
Tip chord (theoretical)
Section P-4, hOo-k13-.6 R-l, 4O-}413-,6
Chord T.T0 £% 11.09 in.
Angle of incidence —-20 -2°
Area (projected) 1639.62 sq It 23.62 8q Tt
Span (projected) 129,17 £% 15.51 £t
Aspect ratic 10.18 10.18
Mean aerodynemic chord 13.43 £t 19.34 in,.
- Sweepback (at 50 percent
chord) ‘ o° 0°
Taper ratio 2.31 2.31
Dihedral (from wing-root
chord plane) &° &°
Aileron (one surface)
Area. (projected) 42,38 sq £t 87.88 eq in.
Span {proljected) 23,08 £t 33.2k4 in.
Root chord 2,08 £t 3.00 in.
Tip chord 1.59 £% 2.29 in.
Deflection ~22,59 to 17.5° —22.5° to 17.5°
Flape:
Aree (total) 185.1k sq £t 2.68 sq £t
Span (one side} 3k.53 £t k9,72 in.
Deflection 65" maximm 65° maximum
Horizontal taill:
Root chord
Section (NACA) 651-012 65,-012
Chord 11.88 ©% 17,11 in,
Tip chord (theoretical)
Section (NACA) 65,~012 651-012
Chord. 5.94 £% 8.55 in.
Ares (total projected) 388.88 sq 5,63 8q £t
Spen 44,00 £t 63.36 in.
Aspect ratio 5,14 5.14
Taper ratio 2 2
Mean asrodynamic chord 9.27 £% 13.35 in,.

NATTIONAL ADVISORY COMMITTEE FOR AW R ONAUTICS
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TABIE II — Conbinued

20

DESIGN CHARACTERISTICS OF THE REPUBLIC XF-12 ATRPLANE
AND- £ 1/8.33-SCAIE XF-12 MODEL — Continued

Ttem
Borizontel tall: Contlmue
Dihedral (to chord plane?
Suserhack (at 68 -percent
horizontal tail chord)
Tail length (27.43 percent
wving M.A.C. to 25 percent
tail M.A.C.)
Blevator (cne surface)
Ares, (projected
behind hinge line)
Span (projected)
Root cherd
Tip chord
Deflection

Vertical tall (original)

Aresa (fuselage not inciuded)

Vartical
Dorsal fin
Ventrael fin
Root chord (theoretical)
Section (WACA)
Aspect ratio
Sweepback (at 65 percent
vertical tail chord)
Meen eserodynamic chord
Span
Tail length (27.43 percent
wing M.A.C., to 25 percent
tall M,A.C.)
Rudder
- Area (behind hinge linse)
Root chord
Tip chord
Span
Deflection

Full scals 1/8.33 scale
&% 6°
o° o°
52.1 £t 75.02 in.
52,59 sq £t 7-58 sq in.
18.65 £t 26.86 in,
3.62 £t 5.21 in.
2,01 f% 2.89 in.
-25%9 to 15° -25° o 15°
213.56 sq Tt 3.08 sq %
49.82 sq £t 0.72 8q %
10.23 sq Tt 0.15 sg £t
13.33 f% 19.20 in.
651-011 65,011
2.06 2,06
0° o°
11.91 £t 17.1% in.
21.67 £% 31.21 in.
51.09 £t T4.67 in.
54,87 sq £t 0.79 sq £t
L,5h £t 6.54 in,
1.94 £t 2,79 in,
15.00 £t 21.60 in,
—20° to 20° ~20° to 20°

KATTONAL ADVISORY
COMMITTEE FOR AEROWAUTICS

,g‘lllgllllll!!l-l



TABLE II — Continued

NACA BM No. L6L12

DESIGN CHARACTERISTICS OF THE REPUBLIC XF-12 ATRPLANE
AND A 1/8.33-SC/IE XF-12 MODEL — Continued

Item Full scele
Vortical taill (revissd)
Ares {Tuselage not included)
Vertical 213,56 sq ft
Dorsal fin k9.82 sq £t
Ventral fin 10.23 sq ft
Root chord (theoretical) 13.33 £+
Section (NACA) 651011
Sweepback (at 68 percent
vertical teil chord) o°
Mean aerodynsmic chord 11.25 £%
Span 24,9 £t
Taill length (27.43 percent
wing M.,A.C. to 25 percent
tail M.&.C.) 51.5 £t
Rudder:
Area (behind hinge line
top rudder) 66.6 sg Tt
Root chord L5k 7%
Tip chord 1.94 7t
Span (top rudder only) 18.03 £t
Deflection —20° to 20°
Fuselage:
Length 92,54 £t
Meyimunm dlameter 10.25 £%
Froatal area 82.52 sq £t
Nacelles:
Length
Inboard 29.38 £t
Outboard 27.82 £
Maximum width 5.21 £t
Meximum helght 5.22 £%
Frontal area 21.33 aq £t

Direction of thrust lline

Propellers:
Number L
Number of blades per propeller L
Diameter 16 £t 2 in,
Activity factor per blade 118.5

Iype

1/8.33 scale

3.08 sg ft
0.72 sq £t
0.15 sq £t
19,20 in.
651-011

00
16.2 in.
35. &8 in,

The22 in.

0.96 8q ft
6.54 in,
2,79 in.
25.95 in6

—20° o 20

133.26 in.
lh-TG in.
1.20 sg £t

‘4-2-:31 in.
1&0.06 in,
7.50 in.
T.52 Iin.
0.31 sq Tt

Parallel to fuselsge cenbter line

ke

L
23,29 in.
118.5

Acroprodwcts C-Lo-105-L

RATIONAT, ADVISORY
COMMITTEE FOR ABRONAUTICS

21
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TABIE IT — Concluded

DESIGN CEARACTERISTICS OF THE REFUBLIC XF-12 ATRPLANE
AND A 1/8.33-SCALE XF-12 MODEL — Concluded

Item
FOR FJLL-SCATE ATRPILANE
Welght normal 103,000 1b
Wing loading 62.8 1tfsq £t
Engines
Number L
Type P & W R-4360-31
Rating per engine
Militaxry 300C hp at 2700 rpm
Noxrmal 2500 hp at 2550 rpm
Gear ratio 0.ke5
Superchargers
Number 2 per engine
- Type G.E. BM-h & BMS
{one each per engine)
Power loading 7.33 kp/sq £t
N Ground angle (from root chord)
Statlc position 49 L5t
Maximum tail down position g9 30!

KATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IIT

WING ORDINATES
| Percent chord]

Root secticn (theoretical) |Tip section (theoretical}
Station R-4,50-318-1 R-k,b0-413- .6
Upper Lower Upper . Lower
0 .50 1.759 1.119 1.h08 0 .709
5 2.084 1l.h12 1.667 .888
1.25 2.609 1.885 2.095 1.175
2.50 3.595 2.700 3.768 1.646
5.00 k 067 3.768 k.120 2.231
7.50 5.993 4,520 5.019 2.609
10.00 6.813 5.103 5.771 2.869
15.00 8.08 5.972 6.930 3.238
20 .00 9.023 6 .569 7.818 3 .459
25 .00 9.707 6 .986 8.467 3 .€06
30 .00 10.1.83 T.248 8.938 3 .654
25.00 10 .482 7.379 9 .27 3 .65h4
Lo .00 10 .609 T .396 9.399 3 .606
L5 .00 10 .569 T.28L 9.399 3.053
50 .00 10 .365 T7.052 9.242 3.346
55 .00 9.991 6 .698 8.922 3.140
60 .00 9.7 6.220 8.h29 2.896
65 .00 8.7h2 5.625 7.736 2.653
70 .00 T7.882 k.920 6.886 2.398
75 .00 6.859 b .129 5.879 2.101
80 .00 5.733 3.286 k.791 1.765
85 .00 L .hok 2.419 3.638 1.ko2
<0 .00 3.1%1 1.534 2.4136 1.002
95 .00 1.663 677 1.245 563
100.00 017 017 039 i 039
Leading-edge
radius height 0.234 0.234
Leading-edge
radius 2.025 1.057

RATTONAL AINISORY
COMMITTEE FOR ABRONAUTICS
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FIGURE LEGENDS
Figure l.- System of axes and deflections. Positive values of forces
and angles are as indicated by arrows.

Figure 2.~ The 8-3-‘—-scale modek of the XF-12 airplane in the test
sectlon of Langley 19-foot pressure tunnsel.

(2) Pront view; 8¢ = 0°.
Figure 2.~ Concluded.
(b) Rear view; 8f = 55.

Figure 3 .- Three view drawing of a 83'—3--sca.le moiel of the Republic
IFr-12 a.irpiane.

Figure L.~ Wing rigging dlagram of & s-—-sca.le model of the
Republic XF-12 e.irplane.

Figure 5,- Schematic diagrem of flap of s 8-3—'33-535.19 model of the
Republic ZF-12 airplane.

Figure 6.- Bottam of nacelles showing duct exits and dive recovery
flap.

(a) Front view.
Figure 6.- Concluded.

(b) Rear view.

Figure T.- Sketch-of dilve recovery Blaps of & 8]_’;‘3_ scale model of the

Republic XF-12 airplans.

Figure 8.- Plan view of horizontal tail of a —l—--scale model of the
Republic XF~12 a.irpla.ne'%

Figure 9.~ The =12 airplane with the tail

8.33 removed .
(a2} Rear view.

Figare G.- Concluded.
(b} Close-up.

Figure 10.- Sketch of the wing-duct lip of a é-];-sca.le model of the

Republic XF-12 alrplane.
SR
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FIGURE LEGENDS - Continued
Figure 1l .- Variation of thrust coefficilent with lift ccefficlent far
several power conditions at sea level.

Figure 12.~ Variation of thrust coefficlent with torque coefficlient
for sea level operation.

Figure 13 .- Nacelle entrance sealed.

Figure 14 .- Effect of stabilizer incidence on several serodynamic
characteristice. &f = 0°; Bg = 09; R = 2,390,000; M= 0.09.

(2) (Mp)y
Figure 1%.- Continued.
(b) (MP)s
Flgure 14.- Continued.
(c) 0.715(R.P.)
Figure 1k .- Continued.
(d) T¢ = 0
Figure 1k.~ Concluded.
(e) Propellers removed.

Figure 15.- Effect of stabilizer incldence on several aserodynamic
characteristics. &p = 20°; ©®e = 0; R = 2,380,000; M =0.09.

(s) (),
Figure 15.- Continued.
(v) @),
Figure 15.- Continued.

(c) 0.75(.2.)
Figure 15.- Continued.

(&) 0.50(R.P.)
Filgure 15.~ Continued.

(e) Te = 0
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FIGURE LEGERDS - Continued

Figure 15.- Concluded.
(£} Propellers removed.

Figure 16.~ Effect of stabilizer incidence on several serodynamic
characteristics. 8 = 40%; 8¢ =0°; R= 2,380,000; M= 0.09.

(a} 0.50(R.P.)
Figure 16.- Continued.
(o) Tc =0
Figure 16 .-~ Concluded.
(c) Propellers removed.

Figure 17 .- Eff:ect of stabilizer incidenee on several aerodynemlic
characteristics. &g = 65°; B¢ = 0°; R = 2,370,000; ,M = 0.09.

(a) 0.50(R.P.)
Figure 17T7.- Continned.
(b) Tc = ©
Flgure 1T7.- Concluded.
(c) Propellers removed.

Figure 18.- Effect of elevator deflection on several serodynamic
characteristics. By = 0%; iy = -2°; R = 2,350,000; M ~ 0.09.

(a) (MP)y
Figure 18.- Continued.

(a) Concluded.
Figure 18.- Continued.

(b) (M),
Figure 18.- Continued.

(b) Concluded.
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FIGURE LEGENDS - Continued

Figure 18.- Continued.
(¢) 0.75(R.P.)
Figure 18.- Continued.
(¢} Concluded.
Figure 18.- Continued.
(a) T - 0
Figure 18.~ Concluded.
(d) Concluded.

Figure 19 .~ Effect of elevator deflection on several aerodynumic
characteristics. &g = 209; 1y = -2°; R = 2,340,000; M= 0.09.

(a) (MP)]_
Flgure 19 .- Continued.
(a) Concluded.
Figure 19.~ Continued.
(v) (),
Figure 19 .- Continued.
(b) Concluded.
FPigure 19 .~ Continued.
(c) 0.75(R.P.)
Figure 19 .~ Continued.
(c) Concluded.
Figure 19.~ Continued.
(a) 0.50(R.P.)
Figure 19.~ Continued.

(&) Concluded.
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FICURE LEGENDS - Centinsed

Figure 19 .~ Continued.
(e} Tc = O
Figure 19 .~ Concluded.

(e) Concluded.

Figure 20 .~ Effect of elevetor deflection on several serodynamic
cheracteristics. dp = 40%; 1, = -2°%;, ® = 2,330,000; M = 0.09.

(a) 0.50(R.P.)
Figure 20 .- Continued.
(a) Concluded.
Filgure 20 .~ Contlnued.
(b) T, =0
Flgure 20 .- Concluded.
(v) Concluded.

Figure 21.- Varistion of Cp, o, and Cy with Cr. 8f = 559
iz = -2% R = 2,330,000; M =0.09.

(a) 0.50(R.P.})
Figure 21..- Contimed.
(d) To =0
Figure 2l .- Concluded.
(¢) Tail and propellers removed.

Figure 22.~ Effect of elevator deflection on several aerodynamic
characteristics. Bp = 65°; iy = -2°; R = 2,330,000; M = 0.09.

(a) 0.50(R.P.)
Figure 22.~ Continued.

(a) Cancluded.
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FIGURE LEGENDS - Contimued

Figure 22.- Continued.
() T, =0
Figure 22.- Concluded.

(b) Concluded.

Figure 23 .~ Elevator-fixed static longitudinal stability characteristics
for seversl flight condlitions.

() Bf = 0°
Figure 23 .- Continued.
(a) Concluded; b&f = 0°
Figure 23 .- Continued.
(v) 8 = 20°
Figure 23 .~ Continued.
(b) Concluded; &p = 20°
Figure 23 .~ Concluded.
(c) B¢ = ho° (a) 8¢ = 55° (e) &p = 65°

Figure 2k.- Variation of neutral point location with Vy for several
£light conditions.

Figure 25.~ Effect of flap deflection and Reynolds number on several
aerodynamic characteristics. FPropellers removed; 14 = -2° H
Se = 00 .

Figure 26.~ Effect of power on several sercdynamic characteristics.
1, = -2°%; By =0°; R = 2,330,000; M =~ 0.09.

(n) 8¢ = 0°
Figure 26.- Continued.
(v) 8¢ = 20°
Figure 26.~ Continued.
(c) 8p = oo
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FIGURE LEGENDS - Contlinmmed

Figure 26 .~ Cuntinued.

() 8p = 55°
Figure 26.- Concluded.
(6) Bf = 650

Figure 27 .~ Effect of tufts on 1lift coefficient for several flight
conditions. iy = -29; By = 00.

(a) R= 2,390,000; M= 0.09.
Figure 27 .- Concluded.

(b) Propellers rémoved.; E =~ 3,380,000; M =0.13.

Figure 28 .- Stall diasgrams of the 8 L -gcale model of the Republic
IF-12 airplane; Op = 0°; iy = -2°; By = 09; R =~ 2,430,000;
M = O 109-

Figure 29 .- Stall dlagrams of the 8133-50319 model of the Republic
XF-12 airplane; Bp = 659; iy = -29; B8 = 0°; R = 2,350,000;
M = 009

Figure 30.- Stall dlagrams of the g ]3‘ 3-scale model of the Republic
XF-12 airplane; propellers removed; iy = -29; &g = 09;

~ 3,410,000; M =0.13

Flgure 31 .- Stall disgrams of the -gcale model of the Repbulic

1
8.33
iF-12 a.irplane 3 nacelle cowl-iniets sealed; propellers removed;
B = 09; 2°; Bg = 0°; R = 3,400,000; M = 0.13.

Figure 32.- Effect of power on several aerodynamic characteristics.
Original wing duct inlet; 1y = -29; B = 0°.

(a) 3 = 0°
Figure 32.- Continued.

(a) Concluded; &f = O
Flgure 32.- Continued.

() 8p = 65°
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PIGURE LEGENDS ~ Concluded

Flgure 32.~ Concluded.

() Concluded; 8p = 65°

Figure 33 .~ Stall dlagrams of the 8 ;3-sca.le model of the XF-12 airplene.

Original Republic wing duct inlef:; Op = 095 1y = ~20; Bg = 0;
R~ 2,380,000; M=z 0.09. o

Figure 34 .- Stall diagrams of the é--;-'-é-_scale model of the XF-1l2 airjlane.
Original Revublic wing duct inlet;” &p = 650,' 1y = =20; B¢ = 0%
R = 2,380,000; M =0.09. .

Figure 35.- Effect of dive-recovery flaps oﬁ geveral asrodynamic
characteristics. Tg = 0; By = 0; R= 2,300,000; M= 0.09.

" Pigure 36.- Effect of landing gear on several sérodynemic character-
istics. Propsllsrs removed; OF = 559; By = 09; 1y = -29;
R~ 3,180,000; M = 0.09. : : - '
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Figure 2.-
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(a) Front view; b = 0°.
scale model of the XF-12 airplane in the test section of Langley 19-foot
pressure tunnel,

IDENTIAL NATIONAL ADVISORY COMMTTEE FOR AENONAUTICS
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Figure 2,~ The

(a) Front view; 8y = 0°,

—L__ _scale model of the XF-12 airplane in the test section of Langley 19-foot
8.38 pressure tunnel,
_ NATIONAL ADWVRORY COMINTIEE FON AZNONAUTICS

LANGLEY WEMONIAL ADNCNAUTICAL LABORATORY = LANGLEY FIELD. VA.
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(b) Rear view; &¢ = 5.

Figure 2.- Concluded,

NATIONAL ADVIEOMY COMMATYER FOR AERONALTICS
LANOLEY NEMOMAL AZNOMAUTICAL LABONATORY — LANOLEY RELD, vA,
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(a) Front view.

Figure 6.- Bottom of nacelles showing duct
exits anddive recovery flap.

WIOML ASVISORY COMMNTTEE FOR AERONAUTICS
LANBLEY upomil. AERONAUTICAL LABCRATORY — LANGLEY FIFID Va
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(b) lear view.

Figure §- Comcluded.
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NACA RM No. 1.61.12 s Fig. 9b

(b) Close-up.

Figure 9.- Concluded.
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NACA RM No, L6L12

Fig. 168b
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Fig. 18b cone.
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Fig. 18d cone.
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Fig. 19a conc,
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NACA RM No. L8L12

Fig. 19b cone.
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Fig. 20b cone.
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Fig. 21b
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