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NATIONAL ADVISORY COMMITTEE FOR

MEMORANDUM REPORT

for the “

AERONAUTICS

Bureau of Aeronautics, Navy Department “

WIND-TUNNEL TESTS OF THE 0.15-SCAUZ POWERED

OF TEE FLEETWINGS XBTK-1 AIRPLANE

LONGITUDINAL STA”=LITY AND CONTROL

MODEL

By Joseph Weil and Rebecoa I. Boykln

SUMMARY “ .

An investigation was undertaken to determine the
probable static stability and control charaoteristlos of
the XBTK-1 airplane. Data from which these character-
istics can be determined were obtained from tests of a
0.15-scale powered model in the Langley 7- by 10-foot
tunne1.

The results of that part of the investigation which
deals specifically with static longitudinal stability
and oontrol and stall characteristics are presented In
this paper.

The longitudinal stability will probably be satis-
factory for all contemplated flight conditions at the
reazmost center-of-gravity location with the elevator
fixed and free. .Powereffects were small.

Sufflclent elevator control wU1 be available to
trim in any flight condition away from the groupd. The
stick forces may be light if the spring Stiffiess
presently contemplated is used.

lhcreaslng the slotted flap defiectl&. ”above30°

‘nCreased C%llax ‘n%y ‘li@tly”

Stalltng characteristics will probably be satis-
factory. ~ general, stall started at the wing fold line

I ————-— ——-— — —— ...— —
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and snread Inboard faster than toward the

MR No. L5D27a

tip. Power
delatid the stall over portions of’the wing Immersed in
the 81ipstream. The presence of the fuel tank, radar,
and wing guns did not appreciably affect the stall trends.

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, a series of wtnd-tunnel tests was made in
the Langley 7- by 10-foot tunnel of the ??leetwimgs
xmw i10d91” (o.ifj
tests were made in
order to determine
teristlcs.

The objective
complete stability

%%lit!&;~~:w&”6-~;d&%’i,n
isolated horizontal-tall charac-

of these tests was to determine the
and control characteristics of the

model and provide-data from which the flying quallties
of the airplane Gould be estimated. The information
thus obtained can be used to ascertain the amount and
extent of modifications necessary to insure satisfactory
handling qualities of the contemplated airplane.

The present nport includes the results of the
investigation of the longitudinal stability and control
characteristics of the model. Photographs of tuft
surveys made to determine the stall progression for
various model conditions are also presented. “

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard
NACA coefficients of forces and moments. Pitching- “
moment coefficients are given about the center-of-gravity
location shown In figure 1 (25.6 percent of the mean
aerodynamic chord). The data are referred to a system
of axes originating at the center of gravity in which
the Z axis Is in the plane of symmetry and perpendicular
to the relative wind, the X axis is in the plane of
symmetry, and perpendicular to the Z axis, and the
Ysxls is perpendicular to the plane of symmetry.
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The coefficients and symbols are defined as follows:,.

CL llft coeff’ioient (z/qs)

C% tail-lift coefficient (Tail lift/qSt)

c% resultant-drag coefficient (x/@)

cm pltchlng-moment coeff’lcient (M/qSc)

c% elevator hinge-moment coefficient (@qbe~e2 )

Tc~ effective thrust ooeffioient “(Te/qS)

where

z

x

M

%

Te

Q

propeller dhmeter-advanoe ratio

torque coefficient (Q/pV2D3)

propulsive efficiency (TeV/2~Q )

the quantities are defined below

force along Z sxis, positive when
upward, pounds

force along X axis, positive when
backward, pounds

moment about Y axis, pound-feet

elevator hinge moment, pound~feet

effective thrust, pounds

torque, pound-feet

directed

directed

q dynamic pressure (pV2/2), pounds per
foot

s wing area (8.55 square feet on model)

St horizontal-tall area (1.8o square feet

c wing mean aerodynamic chord (1.22 feet

square

on model)

on model)

root mean square chord of elevator bbhlnd hinge
line (0.191 foot on model)

..
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wing span (7.30 reet on model) “

span or elevator (2.64 fket on model)

air velocity, feet per second

propeller diameter (2.04 feet on model)

revolutions per second

mass density of air, slugsper cubic foot
..

angle of attack of’thrust line, degrees

angle of stabilizer with respect to thrust line,
degrees; positive when trailing edge Is down

contv.!i-surfacedeflectlma, degrees

average downwash angle, degrees

propeller blade angle tit0.75 radius (18° on
mode1)

Side-force factor
“1O5

s

l.”~ sin ~ ‘~~)

~02D
.

C)w

b
“.

R

Zt

‘o

Ct

wing chord at any stati(m

propellsr radius to given section, feet

propelier blade width, feet

D/2, feet

taii-~ff:mrodynamlc center location, percent
meau aarodymmic chord

..

neutral-point location, percent mean aerodynamic
.chord

tall chord at any station’
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dCm

q- ‘-
~.qatqof,.@an e of pitching-moment coefficient.,.,.,

fwith stab llzer setting

dCm

~.
rate of change of pltchi&moment coefficient

with model lift coefficient

dJ.
da “rate”of change of average downwash’angle with

angle of attack of th~st line

()dCL -

=1,
rate of c~ge of trim lift coefficient with

angle of attack of thrust line

Cmt pitching-m~ment c“oefflclentrequired of tall
for trim at elevator-fixed neutral-point
location

!lt

T ratio of effective djnamic pre.asureover the .
horizontal tail to free-stream dynamic “
pressure

d(qt/q )

~ ‘a%icient
of change of qt/q with”model lift coef-

Subscripts: . .

0 tall off

e elevator

r rudder

.f . flap

ti Isolated horizontal tall

t horizontal tail; tab (when used with 6)

MODEL AND APPARATUS..

The XBTK-1 airplane is a single-engine, slngle-
place, carrier-based dive and torpedo bomber with a. .

L -. . - —.- .— .— —
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full cantilewr low wln . It has partlal~span extensible
?slotted flaps, ‘picket- enoeitdiva.brskes, adjustable

stabilizer, and a fully retractable conventional landing
gear. The elevator is aerodynamically balanced by a
shielded horn type of balance (msdlum nose shape) In
oombinatlon with a spring.tab. Trim ohanges are
accomplished with the adjustable stabilizer. At design
gross weight the airplane carries a radar unit under the
right wing panel and an auxiliary droppable fuel tank
under the left wing panel in add~tlon to one 1000-pound
bomb under the fuselage. me physical characteristics
of the airplane whtoh were supplied by the manufacturer
are presented in tables I, 11, aridIII.

The model was supplied by the Fleetwings Dlvlsion
of the Kaiser Cargo Corporation. It was not checked for
accuracy. A three-view drawing of the model,as received,
Is shown in figure 1 and photographs of the original
model.an presented in figures 2(a) and 2(b).

me center wing panel has an NACA 2416 airfoil
section with no taper or twist and Is set at 20 with
respect to the thrust line. The outer panels have a
0.50 taper ratio and -2.2° geometric twist. The
theoretical tip section 1s an NACA 44.I.2.All of the
test~fireportedherein were made with a wing dlhedral(~

of
%
~“ In the outboard panel. The flaps are of the .

extensible slotted type constructed in three sections,
namely, a center section below the fuselage of about
5.4 inches span on the model and two outboard sections
which extend from the center section to the wing outer
panels. For normal operation (all tests reported in
this paper) these three sections operate as a single
unit but when a torpedo is carried, the center-section
flap is locked In the retracted position. Details of
the flap positions for various deflections tested are
presented in figure 3.

The model was nomally tested with a radar dome
under the right wing and a fuel tank under the left
Wing. ~o 1~-inch diameter dowels 1 inoh long were
placed in the leading edge of the wing 18.09 inches
from the center llne of the model to represent cannon.

. .

The horizontal tail had a modified NACA 66,2-015
root section tapering to a modified NACA 66,2-009
theoretical .tlpsection. The airfoils were modified

I
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thatithe cusped trailing edge was replaced by a

7

-.
‘-_atPaighls-line.falring-whi& was cqngent~to.the true
contour”at the 0.70ct station and extended to the “
.trailfng”edge.” The elevator, which was statically
mass-balanced, had an area of about 28.2 percent of ,
the horizontal-tail area, was of constant percent

(

‘e .
chbrd

)
— = 0.30Ct up to the horn and was unsealed

for most of the tests. Details of the hofiizontaltall
surface and”elevator are shown In figurem”k~-“

# ..d,..

““*9 rn~dbl~iorifi~rationsreferred td”i~%hemtext
and on the.flgw’es.are as.follows: .

...
.. .. .
1. Cruising configuration: . .. . .

FLaps neutral
Landing gear retracted -. - . .

2. Landing configuration:
FLaps extenaea (4>o) .
Landing gear extended

(a) Main wheels down
(b) Wheel-well cut-out in wing open
(c) Tail wheel down
(d) Tall-wheel door open
(e) Errestlng hook extended “

. .

The precision of setting the angular deflections.
of the movable aur aces on the model is estimated to @s
as follows: ~.. It tO 51, Ge ~0°301, 6f ~d Gt ~lOO~.* .

. . .

Power was obtained from a 56-horsepower, three-
“...

phase induction motor. The speed of this motor was
determined by observation of a cathode-ray oscillograph
which Indl.oatesthe output of a small alternator con-
nected to the shaft of the motor. The-the base for tie
oscillograph pattern IS controlled by an audio-oscillatorW
the electrically driven tuning-fork typs, the.frequency
of which is known within 0.1 percent.

.. .....“.‘. .. . . .
.. . . . .-.m... .

..’.- .. ~,T$ST$,,:._+ ..:.:.-,::,... “.~~:..

.. :..{ ..O .. :-- ,., .-.‘, .... . . .,.- ‘,....1 *.!-’:.f “

..,.

Teat conditions.- Tests of the c~m leke model were
made at-d EYnamla”.pressuresof 9.21:and .1..37pounds per
square foot,:whlch correspond to a$rspeeds of about .
60 and 80 miles per hour. The test Reynolds numbers

.—. —.
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zwere about.68 ,000 &d 910,000 based on the wing mean
aerodynamic o ord of 1.22 feet. Because of the ttibulenoe
faotor of’1.6 for the Langley 7- by 10-foot tunnel,
effective Reynolds numbers (for maximum lift coefficients)
were about 1,000,000 and 1.460,000, respectively.

The tests of the isolated horizontal tail were made
at a dynamlo pressure of 13 pounds per square foot,
corresponding to an airspeed of 71 miles per hour under
standard sea-level atmospheric conditions, The test
Reynolds number was about 323,000 based on the average
chord of 5.81 inches. The turbulence factor is 1.93
for the Langley 4.-by 6~foot tunnel,and hence, the
the effective Reynolds number (for maximum lift coef-
ficient) was about 624,ooo for these tests.

Test procedure.- The thrust calibration of the
model propeller was obtalned”by measuring the resultant
drag of the model (cruising configuration) for a range
of propeller speeds near zero lift. The thrust coeffi-
cients were then computed from the equation

where CD is the drag of the model with the propeller
removed. The torque coefficients were obtained from a
motor calibration (torque as a function of minimum
current) using the values of minimum current at each
propeller spee”d. The results of the’propeller calibration
are presented In figure 5.

Using the data of figure 5, it is only necessary to
vary the propeller speed for a particular tunnel speed
to obtain a range of thrust coefficients assuming that
in the normal angle-of-attack range the propeller thrust
is indepe@ent of the angle of Inclination of the pro-
peller at conqtant mfr.” .

The effective thzkst coeff’iclentsat which the
power-on tests were made are shown in figure 6 as a
function of lift coefficient for constant power with a
constant-speed propeller. These curves were supplled ,
by the manufacturer,

All tests WAI?S made at a“dynam~c-pre88ure of “
16.37 pounds per-square foot exoept tests si~ating
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the t~ke-of’fpower oondition in the landing configuration
~Zdh were made at a dynamic pressure of 9.21’pounds per
square foot. This difference was neoessltated beoause
of power limitations of the model motor.

I
The thrust coefflolent at vhloh windmllllng tests

were made was about -0.010.

CORFMXTIONS

Lan@ey ~- by 10-foot tunnel.- All data have been
corrected for tares oaused the model support strut.
Jet-boundary correctionshawy been applied to the angles
of attack, the drag coefficients, and the tall-o-n
pitching-moment coefficients. The corrections were
computed as follows:

Aa = 5793 6W; CL (degrees)

ACD = 6W ; CL2

where

6W \

8T

s

c
dCm

q

—

jet-boundary correction factor at the wing (0.116)

total jet-boundary correction factor at the
tail (0.196)

model wing area (&55 square feet)

tunnel cross-sectional area (69.59square feet)

rate of change of pitching-moment coefficient
with stabilizer setting as determined In
tests

ratio of effective dynamic pressure over the
horizontal tail to free-stream dynamic
pressure
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All jet-boundary corrections were added “tothe test
data.

by 6-foot tunnel.- The angles of’attack
for the effeot of the

jet boundarl The oorrectlon was added to the measured
values and was as follows:

Aat = l-.09?cLt(deweec)

The ltft coefficients were corrected for support-strut
tares, No tares or jet-boundary corrections were applied
to the hinge-moment ooeffi.cientsInasmuoh as these cor~o-
ti.onswere estimated to be negligible.

PRESENTATION OF DATA

Wats were made at varloQa stabilizer settings for
several newer and model conditions, These tests were
made with the elevator both fixed at 0° and free to
float. Elevator and elevator-tab tests were also made
on the complete model for similar power and model con-
ditions. In addition, isolated horizontal-tall charac-
teristics were determined. Several slotted flap def’lec-
tlons were tested. Photographs of tufts placed on the
wing were made to determine the stall progression for
several power and model condi.tlons.

A short outline of the figures showing the results
df the longitudinal stability and control investigation
Is presented In the following table:

..-. .
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Figure no.
. . . ,. -. ..,.. .. . . . . . .

A. Elevator-fixed stability: .
Stablllzer tests.... . . . . . . . . . . .
Neutral points . . . . . . . . . . . . . . . .
Stability determinants . . . . . . . . . . . .

B. Elevator-free stability:
Stabilizer tests . . . . . . . . . . . . . . .
Neutralpolnts . , . . . . . . . . . . . ,“P .

C, Isolated tall oharacterlstins: .
Elevator tests ,
Elevator-tab test: 1 1 : ~ ~ 1 ~ I 1 I ; I I 1

D. Elevator control characteristics:
Elevator tests . . . . . . . . . . . . . . . .
Elevator-tab tests . . . . . . ... . . . . . . .

E. Land~ng flap characteristics . ~ . . . . . . .’.
.-

● z
:9

10
11

12
13

4
15

16

F’.Stall characteristics . . ... . . . . . . . . . 17-22

DISCUSSION

Elevator-fixed stabilit~.- The elevator of the
,XBTK-~airplane is equipped with a spring tab. ‘With
the stick fixed, the elevator, therefore, Is not
necessarily fixed as is true for a conventional control
system without cable stretch. However, neutral points
obtained from flight data are generally determined from
the variation of elevator angle with velocity rather
than the variation of stick position with velocity. Thus,
the presence of the spring may be treated as an additional
source of flexibility in the control system and neutral
points uan then be obtained by usual methods. (See refer-
ence 1.)

The static margin Is positive for all coradltlons
tested at all contemplated airplane center-of-gravity “
locations. (See fig. 8.) me effect of power on the
longitudinal stability was unusually small.

The propeller used on the model was of the same
dhmeter as the scaled-down airplane propeller diameter’
but the side-force factor was 65.8 as compared to an

----- — .— . -—
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airplane value of’91.3. However, a similar difference of
model and airplane propeller side-force factors in
another investigation was found to give a forward
neutral-point shift of less than 0.01 mean aerodynamic
chord. Inasmuoh as this value is well within the
amuraoy of the neutral-point ealoulatlon, It uan be
neglected.

An attem t has been made to analyze the effects
%of power on t e longitudinal stability. In order to do

this various factors which affect the stability of the
airplane have been calculated and are shown on f@ure 9.
It may be shown that for neutral stability and assuming
a conitant tall lift-curve

dCm

dCL

which

.

reduces to

‘P =no+

.

and

slope . -

inasmuoh as
,

(1

Cmt
+—

qt

K)dt—

dCL

. .

()dCm~-~o=
-o

(at the n&tral point)

(11

(2)

where -thenotations are as previously defined In the
text.
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. . Thus, the relatlve weight of the various factors
which contribute bb%h favorably and unfavorably to the
longitudinal stability can be estimated for any condi-
tion from the preoedtng equations. rn addition, the
effects of power oan be separated to scam degree.

In the cruising oonflguratlon and at moderate lift
ooefflcients the model has more stability wit4 take-off
power than it does with the propeller wlndmllllng. Usll’lg
figures 7 and 9 to obtain the values of’the various”
stability detemnlnants at CL.= 0.8, it is found from
equation (2)thatthe stabilizing effects of a rearward
movement of no \50.05 mean aerodynamic chord) and of

d(qt/q
increased dC~ . at the tail (0.030 mean aerodyna&c

ohord) more th~” compensate for the 0.060 mean aero- “
d amlc chord loss in stability caused mainly by a
rh gher value OP b@a with power. Thus, the total
change in stability due to power at CL = 0.8 as
detemntned from the summatloa of individual.effects
Is found to be a 0.025 mean aerodyhamlc chord rearward
shift of the neutral point. This value compares with
the measured value of 0.022 mean aerodynamic chord
(fig. 8). The discrepancy is quite small in this instance
and, in general, it is balleved to be within the accuracy
of the neutral-point determination (approximately
0.02 mean aerodynamic chord).

At =ry low-lift coefficients the stability In the
cruising configuration becomes less power on than power
off. This Is seen”to be ohiefl caused by the rate of

Kohange of dynamic pre sur at t e tail.
d~qt~ )

For while at a

higher coefficient — Is responsible for a
dCL

favorable effect, 4np = 0.03 mean aerodynamic chord,
at CL = 0.2 an adverse shift of A% = 0,015 is

realized. Tliemain reason for this chge is that the
tall load for trim is negative and hence favorable at
higher lift ooefflcients but becomes positive at low
.v~l~s of CL. .

n the landing configuration the change in
neutral-point location with the application of power
1s fairly constant, small, and always stabilizing.
(See fig. 8.) This may be explained by the extremely

.—. —



14- MR NO. L5D27a

large rearwati.shift in tall-off aerodynamic cdnter
looation with power. The difference in no Increases
at high lifts and thus counteracts the loss in the
stability contributed by the empenna

F
inasmuch as

progressively larger values of dt da’ and

* are both dbstabtlizing.

Some of the design features, which may in part
aocount for the small change in stability with power
through the lift range as well as the over-all satis-
factory stabillty characteristics, are the high loca-
tion of’the horizontal tail and rectangular inboard
wing panels with constant chord flaps. Data showing
favorable effects of’the two aforementioned model
f’eaturescan be found In reference 2. Ih addition, the
desim.center-of-~ravlt~ location 1s conslderablv below .
the ~hrust line S6 that-the direct thrust
favorable.

Elevator-free stability.- The statlo
positive for all conditions tested at all
airplane center-of-gravity locations with
free (fig. 11).

moment-is

margin will be
contemplated
the elevator

In general, the elevator-free neutral points are
from O to 6 percent mean aerodynamic chord farther aft
than the corresponding elevator-fixed neutral points for
similar conditions. Compare figures 11 and 8. fi
exception to this trend is found in the take-off power
condition, in the landing configuration, and at high
lift coefficlenbwhere the stability is mnsiderably
less,with the elevator free.

It can be seen from the Isolated-tail data of
figure 12 that the ratio of the hinge-moment parameters

-m

which determines the floating characteristics

of the elevator is of such sign as to cause the elevator
to float against the relative wind and thus increase
the tall effectiveness and henoe the stability (inasmuch
as de/da is less than unity). Apparently, ho ever, i
the lsndlng configuration with take-off power Idcheldajti
becomes negative at high-lift coefflqients (fig. U(e))
thus reducing the tail effectiveness. It might be noted

—.— — .—, . .-, ,—, , ..- .-. . ... .,. - .. .-
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that this change,.
of the nonlinear

15

+ @he/d.)t 1S probably a result

hinge-moment characteristics (fig. 12)
combtned with a larg= reduction in -tailahgle of attack
over the right inboard portion of the tail and a similar
increase in angle of attaok over the left inboard portl.on
which Is caused by right-hand propeller operation (refer-
ence 3). The greatest part of the decrease in stability
Is not thought to be caused by a reduction in ta~l
effectiveness due to negative

~~’da)t
but rather

by the rate of change of tail e fectlveness with llft
coefficient. Thus, in-order to determine the power
effects wtth tb elevator free, the followlng term must
be added to equation (2):

()

dCL . .

-c d~t‘t!-. —

()

dCL dCL
. . . .. Tt .

where the n~tation used has been previously defined.

The elevator-free curves shown as dashed lines on
fi&ures 10(.a)and 10(b) were obtained by cross-plotthg
the hinge-moment data of figures lL(a) and lL(b). This
was necessary inasmuch as severe oscillations of the
elevator occurred with the stabilizer incidence set at
a value lower than 3° or 4° in the cruising oonflgura-
Iiion. This might be attributed to a posltlve value
of ~dC~/da)t=

The presence and type of oscillations on the air-
plane will depend on such factors as control surface
and airplane inertia, control system frtction, stablllty,
and certain other factors. (See reference &.)

Isolated horizontal tall.- A series of tests was
made for various elevator elevator-tab settings on
the Isolated horizontal tall. “ (See figs. 12 and 13.)
me elevator-free curve,shown on figure 12,was obtained
using the hinge-mament data. “!thedifference between the
hinge-moment curves at zero tab and elevatq~ deflections
(figs. 12 and 15) maj be attributed to the fact that these
tests were run at different times and the differences In
the two curves are an indication of the experimental
accuracy.

. .
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The following table summarl.zestha elevator
parameters:

Original .

.

0.0565

.034

= 0.000 (average for
two “tests)

.

-0.0057

Sap sealed

0.0575

------

------

..
------

Elevator free

0.069

-----

As 1s shown by the preceding table, sealing the
gap ~ncmeased the ltft-curve slope by about 2 percent.
~h~ch is of the exnected magnitude inasmuch as-the gap
was only from about 0.001 to 0.002ct. “

The slone of the elevator-free llft curve showed
about a 22-percent average increase over the elevator-
fixed slope. Although this appears contradictory in
view of the tabulated value of (~Ch#a)ti, it must

be remembered that the hinge-moment characteristics
are nonlinear and the tabulated value is an average
value of.slopes measured over a small angle-of-attack
range at th origin. :

The tab effectiveness (hch#6t)t1 averaged about

-0.0053”at moderate deflections in the angle-of-attack
range llkely to be encountered under normal operating
conditions of the airplane.

Effect of elevator and elevator-tab deflection.-
The elevator effectiveness as determined from f~g”
ure lL(a) is about 0.9 as high as that obtained from
isolated-tail data using the relationship “
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. .

where the symbols have been previously denoted in the
tekt. This effectiveness ratio of 0.9 indicates that
the average dynamic pressure over the elevator on the
c?ompletemodel is about 0.9 of the free stream q. .

The data (fig. 14.)indicate that”the elevator shoul~
be suf’fidientlypowerful to trim the airplane at any
speed away from the ground for all conditions..

As-has been stated earlier In the text, a large
degree bf the aerodynamic balance of the elevator Is
supplied by a spring tab. Although it ~S beyond the
scope of this paper to present detailed control-force “
characteristics, estimates using the hinge-moment data
of figures 14 and 1

z
indicate that.the control forces

for conditions of s eady flight will be very light If
the spring stiffness contemplated for the prototype
airplane is used. However, since it is believed to.be
a relatively simple task to change the spring constant
on the airplane, no major difficulty is likely to be
encountered h obtaining -aspring constant which will
g~ve satisfactory stick-force characteristics.”,

The power-off tab effectiwness dChe/d~t’

(figs..15 (a) and 15(c)) agrees well with that obtained
from isolated-tall tests. It might be noted that the

‘C% a increases with CL
/

ratio of —
d6t d6e

for the power-

on conditions, indicating that the avarage dynsmlc pres-
sure aver the tab is greater than that over the elevator.
This increases the spring-tab effectiveness but has no
bearing on elevator-free stability inasmuoh as the tab
Is not used for”trinnuingpurposes, . .

It may also be noted from the data of’figure 15
that tab defleotlon,appears.to have a considerable
effeot on the pltohing-moment curve. It 1s believed,
however~that the neutral-point location wI1l be .
negligibly affected by tab deflection because of the
small spring-tab deflections which will be required with
trim elevator deflections at tie center of gravity for
neutral “stability.

.,

.— ..
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Effect of slotted-fla deflsotlon.- Tall-off data
obtalned at vartoui-~deflections.
fig. 16.) me maximum llft ooefficlents obtained
this fimre are tabulated in the following table

and have bee= corrected for tail load required-for trim
at the design center-of-gravity location.

Configuration
6f

(deg) Ch

Cruising o- .“ 1.34

Landing 3; ;87 “

L
z i

?
1: 4

4; ~L84&

fie change in maximum llft coefficient when the
flap deflection Is lncre~sed from 30° to 45° Is seen
to be quite small. It may also be seen that at angles
of attack slightly below the stall an appreciable
increment in lift is obtained when the fl~p deflection
Is increased in the higher range.

Stalllng characteristics,- Photographs of the tufts
showing he stall progression are shown for the different
model configurations. (See figs. 17 through 22.)

~ the windmllling, cruising configuration, the
stall appears to start at the traillng edge slightly
Inboard of the fold line. As the angle of attack is
increased the stall progresses forward over the Inboard
wing panel while not progressing markedly toward the
tip ● The final photograph (fig. 17) at a = 17.30
shows the inboard wing panels almost completely stalled
while over a large portion of the outboard panel the
flow is merelyunsteady. Removal of the radar, wing
tank, and guns seems to have a very slight effect on
the stall progression In the cruising configuration.
(Compare figs. 17 and 18.j When take-off power Is
applled in the crutslng condltlon, the portion of the
wing Immersed in the slipstream remains unstalled after
most of the remainder of the wing Is stalled. The stall
appears to be earlier and more pronounced over the left
inboard wing panel than It Is over the right panel which
might be expected for right-hand propeller operation
(fig. 19).

. . .
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In-the Iaridlngcondition, with the propeller wlnd-. ,.. mllilng, the flaps appear”to be generally stalled or in
a region of unsteady flow at low sngles of attack. As
the angle of attack increases, the flow through the slot
Improve-sand the flaps beoome qn~t~led. The wing
remains unstalled up to about 15° or 16o angle of attack.
The stall them begins at the left Inboard fold.llne.
spreading.Inboardmuch more rapidly than it progresses .
taward the-tip..”The last photograph on figure 2U.shows
that while a good portion of’the left panel Is stalled,
the rt t panel Is either unstalled or only In a region

Pof uns eady flow at “a= 18.1°,.except at the extreme
right wing tip where stall has begun, The pictures on
figure 21, guns, radar, and fuel tank off would seem
to Indicate that the absence of 5he latter auxiliary
equipment causes stall over the left Inboard panel much
earlier than is shown in figure 20 (auxiliary equipment
on). The reason for this effect is not known. Otherwise,
except for a lesser tendency for tip stall on the right
wing tip, the progression of the stall with and without
the auxillary equipment is slmllar. The chief effect
bf pbwer on the stall Is again a stall delay In regions
close to the wing-fuselage juncture (fig. 22).

Because of differences
Indicated at each angle may
full-scale airplane but the
correct.

in scale, the amo&t of stall
differ from that on the
stall progression should be

CONCLUSIONS . ,
. . .

. .

‘The rssults of the lon Itudlnal stability and control
fInvestigation of a 0.15-sca e model of the XBTK-1 air-

plane indtcate that:

.1. me longltud.lnalstability will probably &
satisfactory for all probable flight conditions at the .
rearmost center-of-gravl*y locatlon with the elevator
both fixed and free. Power effects were quite small.

2. Sufficient elevator control will be slmllable
to trim In any flight condition away from the ground.
Indications are that the stlok forces may be light if
the spring stiffness now contemplated 1s used.

I
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3. Inoreasiqg the slotted flap deflection above 3Q0
lnoreas9d..C~x only sli*tlya

““ 4.”Stalling oharaoterlstlos wI1l probably be
.aatisfaotory. .Ingeneral, stall started at the wing
fold line axxispread inboard faster than toward the tip.
Power delayed stall over portions of th~ wing Immersed .
in the slipstream. The presenoe of the fuel tank, radar,
and wing guns do not appreciably affeot the stall trends.

Langley ?4morial Aeronautical Laboratory
National AdvisoryConmdttee f’orAeronautics

.Langley Field, Va.
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TABLE I,..-..... .. . .
DESCRIPTION Ol?FLEETWINGS XB&-1 AIRPLANE

Name and type.... XBTK-1 (Navy dlw-torpedo bomber)
En@ne . . . . . . . . . . . Pratt & Whitney R-2800-22w
Ratings:

{

17OO bhp at 2600 rpm at sea level
Normal power . . 17OO bhp at 2600 rpm at 7000 ft

145o bhP et 2600 rpm a~ 18,500 ft
Take-off power . . 21OO bhp at 2800 rpm at sea level

Military power . .
{

2100 bh~ at 2800 rpm at 1000 ft
16OO bhp at 2800 rpm at 16,000 ft

Propeller . . Hamilton Standard
Diameter,f~~~ I 1 I 1 1 I I I I . , . . . . 13.58
Blades (number and designation) . . . . four, 2c15Bl
Gearratlo. . . . . . . . . . ● . . . . . . . . 0945
Activltyfactor . . . . . . . . . . . . . . . . 95.6
Blade thickness (h/b)0075R . . . . . . . . . . 0.060

Normal grosswe@ht,lb. . . . . . . . . . . . . 14,850
Over-alllength, ft . . . . . . . . . . . . . . . .~~9&
Over-allheight, ft . . . . . . . . . . . . . . .
Wlngspen, ft.. . . . . . . . . . . . . . . . . 48:67

NATIONAL ADVISORY. COMMITTEE FOR AERONAUTICS

.
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TABLE II
... ..

AIRPLANE WING-AND TAIIJ~StiACE DATA

1
Area, aq f’t

span, f’t

Aspect ratio

Taper ratio

ihedral, deg

Ihcidence, deg

Geometric twist,de[

IRoot section

ITip section

Mean aerodynamic
chord, ft

IRoot chord, ft

arncl~es dorsal fin.

Wing

380

48.67

6.23

.50

8.25

2

-2.2

NACA Z!@

iiACAMl;

8.~7

9.17

4.585

80

18.5

4.26

.59

0

2 to -7

0

NACA 66.2-015
modified

NACA 66.2-00!
modified

-------------

5●45

3.20

Vertical tail

%1.25

8.38

1●42
------------

------------

0

0

NACA 66.2-015
modified

NACA 66.2-009
modified

------------

6.89

2.67

NATIONAL ADVISORY
COMMITTEE FOR AERONAUT~S
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TABLE III

AIRPLANE CONTROL-SURFACEDATA

Percent span

Area aft of hinge line,
Sq #t

Balancearea, sq ft
~rim-tabarea, sq ft

.Percentspan
Tab travel, deg

Balance tab area,sqft
Percent span
Tab travel,deg

Oontroltravel, deg

Root mean square oho~ f

Distanceto hi e line
Y-~~d e.g. 25.6),ft

Ailerons I Elevators

54.0 I 95.0

36.86 I 22.50

15.11 2.96
h. 2
2

None
-----------

tl;● -----------

2.76 3.36
35.7~15;:;~lb) t15(*55lb)

t15 15, -25

1.37
I

1.27

-----------1 22.00

Rudder

100

15.66

a5● 02

1.00
23.0
~5
1.00
23.0

t15(5t=-O.515r)

t30

1.90

23.67

al.20-sqWe-foot horn.
b~ft aileron ~lY.
cMeasuredfrom airfoil contour.

Flap deflections (correspondl.ngpowers)

Landing, deg . . . . . .45 (prom off)
Take-off,deg . 32.5 (2100 hp)
All other condi~i~n~ 1 flaps retracted

Ucq9
------- -=-.-

----- I-----------
-----

I
--------A.D-

----- ------- ----

----- ------- ----

-----

I
------------------------“A--

----- -------. ---

45 cUpper ~
1Lower O

2006 ~per 10
Lower 1.!?

-----
I
------- ----



p-- 33.3-q

T
50

I k-= 24.9A- I

t?oor section - IVACA2416
TIp section .- NACt4 ++i2
Wing areta – 8.55 *
M,AC.= 14.64in.
~Si~ .CG (~heds ) 256% MM

YTaper ratio, ou board pvm?l- ,50
Geometric f!uist of outhmi pa~e/- .z.2”
Incidence of inboardpviel– z “o’.

Alldimenslo~sinfkhes

~“”’” -.

t
21.34

;
+

T NAT16NAL ADVISORY
CONMITTEEFOBAESOUAUTKS
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Fip? / .- Three view clrawing of O.JS-scale model of F/#iuings )(BTK-I atrphie.
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Figure2(a).-Three-quarterfrontviewoftheO.15-scalemodelofthe
XBTK-l airplane.
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l?igure2(b).-Three-quarterrearviewoftheO.15-scalemodelofthe
XBTK-1 airplane.
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NACA LhlAl_41358

Figure 17. - Tuft studyof0.15-scalemodel ofX BTK -1airplane.
Cruisingconfiguration;windmilling;guns,fueltankand radar
on;tail-off.
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NACA”LMAL 41360

Figure 18. - Tuft study of 0.15 -scale model of X BTK -1airplane.
- Cruising configura~ion; windmilling; guns, fuel tank, and radar

off; tail ‘off.

I
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Figure 19. - Tuft study of 0.15-scale model of XBTK-1 airplane.
Cruising configuration; take -off power; guns, fuel tank, and
radar on; tail-off.

I



MR No. L5D27a

Figure 20. - Tuft study of 0.15 -scale model of XBTK-1 airplane.
Landing configuration; windmilling; guns, fuel tank, and radar
on, tail -off.
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Figure 21. - Tuft study of
Landing configuration;
off, tail -off.

NACA LMAL 41361

0.15 -scale model of XBTK-1 airplane.
wind milling; guns, fuel tank, and radar

—
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Figure 22. - Tuft study of 0.15 -scale model of XBTK-1 airplane.
Landing configuration; take -qff power; guns, fuel tank, and
radar on, tail -off.
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