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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM
for the
Burean of Aeronautics, Navy Department
COMPARTSON OF WIND-TUNNEL PREDICTTONS WITH FLIGHT
MEASUREMENTS OF THE LONGITUDINAL-STABILITY
AND -CONTROL CHARACTERISTICS OF A

DOUGGLAS BTD-1L ATRPLANE

By Mort V. Bumnell and Noel K, Dslany

SUMMARY

Low Mach number longltudinal-stability and -control
characteristics as predicted by use of wind-—tunnel data from a
powered 3/16-scale model are compared with flight—test measure—
ments of & Navy BTD-1 airplane. The accuracy of the wind—tunnel
data and the discrepancles involved in atbtempting to correlete
with flight data are discussed and analyzed.

The comparison showed that wind~tunnel predictlons were, in
general, In good asgreement with £flight—test data. The predicted
values wers faor the most part sufficiently accurate to show the
satlisfactory and unsatisfactory characteristics in the preliminsry
design stage and to indlcate possible methods of improvement. The
discrepancies which did occur were attributed principally to
Physical dissimilsrities between model and airplane and the
inebility to dotermine oceurately the flight power conditions, The
effect of Mach number was consldered negliglble slnce the maxinum
flight—test value was about 0,5. In order to slmilate more closely
the flight conditions and hence obtain more accurate data for
predictions, 1t appears desirsble to perform large-scale teats of
unorthodox control surfaces such as the smealed vaned elevators with
which the alrplane was equipped.

INTRODUCTION

The flylng gualities of wvarious types of airplanes have been
predicted during the last few years from wind—tunnel measurements
of powered scale models In the past, when the predictlons have
indicated unsatisfactory stabllity and control charecteristics s
wind~tunnel dats have been used as a gulde in the redesign of the
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2 NACA RM No. A6L30

alrplane, The NACA has undsriaken an investigation to study the
rellabllity of thils prediction procedure by a detalled comparison
of flight and wind-tunnel data. (See references 1 and 2.)

As part of this correletion progrem, flight-test data on the
longitudinal-gtabllity and -control characterlistics of a Douglas
BTD-1 airplene are compared in this report with the results of
tests at low Mach number of a powered 3/16-gcale model in the Ames
T— by 10-Ffoot wind tunnel.. The results are confined to the follow—
ing lmportant characteristics which are most sultable for prediction
and correlation: static longltudinal stability, elevator control
in maneuvering flight, and elevator control in landing.

The wind—tunnel data wers converted into the uswal flight—test
units of airspeed, normal acceleration, and elevator angle and
control force, and compared with the flight—test resulia. In order
to analyze the data in more fundamentel form, basic aercdynamic
derivetives were estimated from flight—test resulta and compared
wlth the wind—tunnel derlvatives.

DESCRIPTION CF THE ATRPLANE

The BTD—1 airplane is a torpedo dive bomber intended for use
aboard aircraft carriers. It is a single-engine, single-place,
midwing monoplane equipped with a retractable tricycle landing gear
and combination fuselage end wing dlve brakee., General charecter—
igtice of the airplane, wing, and horizontal-tall-plane dlmensions,
and dimensions of the flap, elevator, and elevator tadb are listed
in tables I, II and ITI, respectively. Figure 1 shows the alrplane
as instrumented for flight tests and figure 2 is a three—view
drewing. Flgure 3 glves detalls of the horlzontal—tall surfaces,

No correlation was atbempted with the dive brakes open due to
large differences between the airplane and model dive brakes. In
order to simulate the model, the wlng dive brakes on the alirplane
were removed, the openings falred over, and the wing-fold gaps
gsealed, The fuselage dive brakes were locked in the closed
position. Figure 4 gives the force charscteristics of the spring-
loaded elevator system as measured on the ground during slow
movement of the control celumn. The elevator on the sirplane was
connected with the flap system in such a manner that larger up—
elevator deflectlons were obtalned when the flaps were down. The
kinematics of this syatem are presented in figure 5,

DESCRIPTION OF THE MODEL
Ths 2/16-scale powered model of the Douglas BTD-1 airplans as

tested in the Ames 7— by 10-foot wind tumnel i1s shown in figure 6.
Power wes supplied by an electric motor which drove a 3/l6-scale
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four—blade propeller. A propeller spinner was used in all the model
tests, The model elevator was equipped with a nose geal and o fixed
vane (fig. 3). No elevator tebs were installed. A detailed view of
the model wing flaps 1s presented in figure 7. The cut—out spaces
for the wing flaps varied slightly from those of the alrplane,

ATRPLANE INSTRUMENT INSTATTATION

Stendard NACA Instruments were used to record photographically,
as a function of time, quontities from which the followling variables
could be obtalned: alrspeed, normel acceleration, sltitude, and
applied elevator control force. The engine—operation data were read
from the service instrumenta in the airplare, The mechanical—type
elevator—poslition recorder was atitached directly to the slevator
control horn. Both strain-gnge and mechanlcal~type instrumenta were
used in the measurement of slevator—control forces, A free—swivelling
airspeed head wos mounted 3 feet inboord from the wing tip on a boom
that extended approximotely U-1/2 feet chead of the wing lecding
edge. (Ses fig. 1.) Throughout this report the values of indicated
alirspeed were computed from the alrspeed formula (corrected for
compressibility) commonly used In the calibration of standard airspsed

indicatora. .
E._ O .286 _J;
V; = 1703 P +1 -1z
29.92
wheie -
H fres gtrecm total pressure in inches of mercury
P free stream statlc pressure in inches of mercury

COEFFICIENTS AND SYMBOLS

The coefficiente and symboles used in this report are defined
ag rollows:

o1, 1ift coefficient (L/qS)

Cm pitching-moment coefficlent about the center of gravity
(M/aS H.A.C.)

Cmo pltching—moment coefficlent sbout the center of gravity
at zero 1ift coefficlent

Cme the rate of change of pitching-moment coefficlent with
elevotor angle @Cm.[aae)CLﬁ 4 &% constant 1ift coefficient
and tob angle
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the rate of change of pliching-moment coefficlent with 1ifé
coe?ficient (3Cm/3CL)g. sy &t constant elevator and tab
angle

elevator hinge-moment coefficilent (/qSeCe )

the rate of change of elevator hinge-moment coefficlent with
olevator angle (3Cy/d8y )g.s, &t constant elevator tab
8 VL%
angle 5
the rate of change of elevator hinge-moment coefficlent with
tab angle (dCh/0%t) Opb, &F constant 1ift coefficient and
elsvator angle °
the rate of change of elevator hinge-mament coefficient with
1if't coefficlent (ach/BCL)aoat at constont elevator and
tab angle
thrust coefficient (T/oVveD?)
elevator angle, degrees
teb angle, degrees
tab angle to trim to zero control force, degreea
wing area, sguare feet
mean asrodynomic chord of the wing, feet
elevator area aft of the hinge line, square fee®
elevator root-mean—equare chord aft of the hinge line, feet
propeller diameter, feet
elevator control force, pounds
1ift, pounds
alrplene welght, pounds
pitching moment about the center of groavity, foot—pounda
elevator hings moment, foot-pounds

net thrust of the propeller, pounds

aczeloration of gravity (32.2 ft/sec?)
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Ay ~the ratio of the net asrodynomlc force along the alrplane
Z-axls (positive when directed upward) to the weight
of the alrplane

q dynamic pressure (£gVZ2), pounda per square foot

alr density, slugs per cubic foot

v true airspeed, feet per second
Vi correct indlecated alrspeed, mliles per hour
TESTS

As mentioned in the introduction, this report deals with statlc—
longitudinal stebllity, elsvator control in turning f£light, and
slevator control in landing. The following 1s & brief description of
the tests and methods of computaition.

Flight Tests

The flight tests were performed alt two center—of-gravity
positions (approximately 0.264 and 0.309 M.A.C. £lap and gear up)
end although there were small voriations in weight due to ballast
and fuel conmsumption, the average gross weight of the airplane
during all tests was approximately 18,000 pounds. Due to engine
restrictions for high blower operation, all tests were performed
at a pressure altlitude of less than 6000 feet. The maximum test
Mach number was approximately 0.5, whlls the Reynolds mumber varied
from 8 x 10° to 26 x 10%, The following chart describes the various
test configurations:

Position Power
Englne
Cowl fznifold speed Brake
Condition Flaps Gear fiap [pTESSUTE setting horse—
(in. Hg) (zpm) or
Glide Up Up Cloged 15 2200 —_—
Power— Up Up Open 45 2h00 2100
on clean
Tanding Full Down Closed | Throttled 2400 —
down
Approach Full Down. | Closed 28 2400 1430
down
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Static iongltudinal-stabllity charascteristics.— The varia—
tions of elevator angle and elevator control force (tab constant)
with alrspeed were obtalned from short records taken in steady,
straight, wings—level flight at various airspeeds for the four
flight conditions and two center—of-gravity locations described
previously. In addition, the varilation of elevator control force
with tad deflsction was measured at several constant airspeeds in
each condition., The slopes of the latter curves of the variation
of elevator control force with tab deflection wers used over the
linear range to determine the flight wvariation of tab effectlveness
Chat with 1ift coefficient.

The stick-fixed and stick—free neutral-—point poslitions were
derived from curves of elevator angle and tab angle for trim (cross—
plotted from the stick—force tab—angle curves at zero force) &s a
function of 1ift coefficient. The slopes dbe/dCr, and dbg /dCp
were plotted as & function of center—of-—gravity location.

The locations for d5,/dC;, = 0 (Cp = 0) and &8y /dCp = O
(Cp = 0 and Cy = 0) were taken as the stick—f1x8d end stick—free
neutral-point locations, respectively.

Elsvator control in turming flisht.— The varlation of elevator
angle and stick force with normal acceleration factor was measured
in turning flight in the power—on clean condition. The alrplane was
first trimmed to zero stick force at each test speed in a wings—
level steady—flight condition. Short records were taken (airspeed
constant) at various acceleration factors (4z). Due to
gtructural limitations the maximm test in acceleration was limited
to about 3g.

Blevator control in landing.— Landings were made at various
touchdown eirspeeds over a pafe and feasible range. The teats were
performed in the landing configuration (i.e., flaps down, gear
down, and engine throttled) at both center—of-gravity positions.
The elevator—tab setting was approximately the same as that used by
the pllot in the flights to determine the static stabllity in the

landing configuration,

Wind~Tummel Tests

The wind-tunnel tests were msde at dynamic pressures of 10 to
50 pounds per square foot, corresponding to model Reynolds numbers
of 1.0 % 10% to 2.3 108, As a compromise between high— and low-
speed power-on flight conditlons, the propeller-blade angle was set
at 19° at the 0.75 radius station,

Bagic date.— The data were first plotted as curves of 1ift
coefficlent Cy,; pitching-moment coefficient C and elevator
hinge-moment coefflcient Cy, as functions of tﬁrust coefficlent
Te for various constant angles of attack and elevator deflection.
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The cross plots of these data were used to obtain the wind-—tunnel
curves of pliching-moment coefficient and hinge-moment coefflicient
as o function of 1ift coefficient. The test conditions are

outlined in the following table:

Model N
configuration Elevator Toil Thrust
Flaps - angle incidence | coefficlent

and Propsller| (deg) {d=g)
Zear
Tp off 5 to 35 0.75 - ——
Up Oon 5 to —15 S5 0 to 0.7
Up Oon 0 L 0 to ..75
Up off 0 L —_———
Dovm Off 5 to -30 ] —_—— -
Down On 5 to -30 . 0
Down On 5 to 15 15 0 to .25
Down On 5 to 10 .5 0 to .85
Down on o by 0 to .55
Down off 0 L ———
Down? On 0 to -35 JT5 0 to .25

lGround board installed in wind tunmel For thsse
teats.

Derivation of stability end control characteristics.—
Refcorence 3 describes the methods used for computing variations of
elevator control force and elevator angle with airspeed in stezdy,
strolght flight; elevator-angle and stlck—force gradient required
In turning flight; end the wvarlation of elevator angle and control
force with contact speed 1n landings. The dota, used in the
derivation of the landing characteristics, were obitalned in the
presence of a wind—tunnel ground board. The results were computed



8 NACA RM No. A6L30

for a gross welght of 18,000 pounds and for the center—of-gravity
positions used in fllight and noted on the figures. The kinematics
of the control system (fig. 5) and the effect of a bungee (flg. k&)
uged in the computations were the values measured on the ajirplane.

RESULTS AND DISCUSSION
Static—Longitudlinal-Stabllity Characteristics

The variations of elevator deflection and elevator control
force with indicated airspeed for all configuratliona are presented
in figures 8 to 11, inclusive, Figure 12 shows the variation of
elevator angle with 1lift coefficient in the landing configuration.

Glide condition.— Figure 8 shows positive stick~—fixed and
stick—free stability over the sreed range at both center—of-gravity
posltions, The quantitative agreement between flight and wind—
tumnel data is good.

The stick—fixed stability (fig. 13(a)) as measursd by the
slopes of d855/dVy (or d5g/dCr) and neutral-point location are

approximotely the same. Analysis Indicated that the differences in
aae/dvi for the forward center—of—gravity location — more stable

for flight at low speeds and for the wind tunnel at high speeds -
are due primerily to the more negative wind-—tumnel wvalues of Cm8
and CmCL‘

When elevator angle was plotted as a function of 1lift coeffi-
cient, greater down-elevator angles were obtalned at Cp, = 0 for
the model than for the airplane, an Indication of a more positive

for the model, This accounts in part for the absolute shift
in the elevator-angle curves of figures 8 to 11. The
difference was also indicated.in the other configurations, although
1ts effect on the &y — V4 curves is sometimes obscured by
differences in Cmcy, and Cmg. . This difference in indicates
that the airplane m=ay have had a more posltive stabilizer setting
than the model.

There 1s good agreement in the stick—force characteristics at
the rear center—of—gravity locatlion and falr agreement at the
forward location, the flight curves having greater slopes in each
case. The §tick—free neutral-point location computed from the flight
date 1s about 6 percent forward of the predicted valuwe. (Sec fig.
13{(a).) Although the flight tests indicate a more negative
(i.e., less stable) value of Chgy then the wind—tunnel tests, the
force—curve slopes in figure 8 are greater for flight, due primerily
to more negative flight values of Cpg. Some of the disagreement,
papecially with center of gravity forward, may be attributed to the
different dae/&vi slopes. As shown in figure 8, better agreement
was obtained when the flight elevator angles were used in the



NACA RM No. A6L30 _ 9

wind—tunnel computations. Flight measuremente show a large decrease
in tab effectlveness with increasing 1ift coefficient (fig. 1h4).
This tends to make the flight data more stabls, especially at low
speeds,

Power—on clean condltion.— In figure 9 the wind-—tunnel pre-
dlctions and flight—test results ghow positive stick-Lixed and
stick—free stablility over the speed range. Except for the greater
flight stick forces at the forward center-—of-—gravity poslition, the
agreement between £light and wind-tummel data is good. The slope of
elevator angle with velocity (fig. 9) and the neutral—point location
(fig. 13(a)) end hence Omgy and are approximately the same
for the flight and wind_—tu_nnel date. “‘There 1ls good agreement 1ln the
stick—force characteristics at the rear cenbter—of-gravity position
and falr agreement in the forward position, with the flight curves
being more stable in each case. The stick—free nsutral point for
the wind tunnel was withln about 2 percent M.A.C. of that measured
in flight at low speeds. Analysis indicated the possibility of
control-gurface distortion in £llight at speeds greater than 200
miles per hour, such that and Cpy became more posltive with
increasing speed. The Chep, = effect predominated and Incressed the
stable flight forces at high speeds causing a rapild rearward neutral—
point movement, as indicated in figure 1l3(a).

Landing condition.— Figure 10 shows that in both the wind-
tunnel predictione and flight—test results, positive stick—F{ixed
end acceptable stick—free stabllity are present over the speed

range.

The slopes of the elevotor-angle curves are greater for flight
than for the predicted values, especlally at the forward center—of—
gravity location, Analysis showed these differences were due
primarily to a greater wind—tunnel elevator effectiveness (more
negative Cms). A plot of elevator angle as a function of 1ift
coefficient (fig, 12) Indicates that the flight elevator effective—
ness was very low at high 1ift coefficlents and at the forward
center—of—gravity location. It appeared that the elevator lost
cansiderable effectiveness in flight at large deflections (greater
than approximately 9° up). In establishing the stick—fixed
neutral-point location, allowance was made for thls loss in effec—
tiveness, Filgure 13{h)} shows that the stick—fixed location was
reerward of 0.h0 M.A.C., and that flight and wind~tunnel data are
in good agreement.

The slevator control forces are in good agreement at the reax
center-of-—gravity iocation and falr agreement at the forward locatlion,
with tha curves obtained in flight being slightly more stable in each
case., Figure 13(b) shows that the predicted atick—free neutral—point

1s about 0.06 M.A.C. aft of the flight locatlon. Further analysis
indicated that although OChg. computed from flight date was more
negative (less stable) than predicted by the wind—tunnel, the more
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atable sgtick—orce slopes as measured in flight are due for the most
part to the more negative flight values of ChCL‘

Anprosen condition.— In figure 11 both the wind—tunnel
predictiore and +the fllght—test results indicnte positive stick—
fixed stabllity over the speed range, excopt at the rear center—of-
gravity location whore the elewvator control forces asrs unstable at
gpeeds velow 105 miles per hour,

The ptick—{lxed stability as shown by the elevator-angle slopese
at both center—of-grovity positions and the neutral-point locations
(fig. 13(b)) is in good ogreement throughout. The rapid forward
movement of neutral-~point location with increased 1ift coefficient
indicates a sizecblo destabillizing effect dues to power.

The stick forces aa determined by the wind tumnel are acpproxi-—
mately the same a5 those mecsured in flight, while the predicted
neutral~point locotion is about 0.02 M.A.C. aft of the flight—test
location — an indication of a more positive flight Chgr . The
slight difference of the stick-force curves at low speeds for the
forward center—of-gravity location is due for the most part to the
more stable flight elevotor-angle wvarlation.

Longitudinal-Control Characterlstice in Turning Flight

Excessive control—force gradients (greater than 12 or 15 1b/g)
are shown in figures 15 and 16 for both flight and wind—tunnel tests
at the forwerd center—of—gravity locatlion, and for the rear locotion
at the high speeds. An exeminaotion of the wind—tunnel rosults would
lead to the conclusion that the elevator control—force gradient
would be excessive at center—of—gravity locations forward of about
0.31 M.,A.C. The £flight results lead to the same conclusion for
the lower speeda; however, the gradients sre conslderably greater
than predicted at higher gpeeds, They arc elightly less than
predicted at the reser center of gravity at lower speeds. As would
be expected from the good agreement in stick—fixed statlc longltudinal.
stability characteristice there is no large or conalstent difference
between the flight and wind—tunnel elevotor—angls gradients,

Compared with the wind—tunnel results for 145 end 210 miles
per hour, the larger flight variation of control-force gradient
with center—of-gravity locotion and the more forward flight
maneuvering—point location (fig. 16} indicote more negative flight
values of Chpgy and Chey, » respectively. Thils concluslon agrecs
with the discussion glven previously for the glide and power—on-—
clean static—atabllity date. At the highest test speed of 272
miles per hour, the flight variation of stick—forco gredient with
conter—of-—pgravity location is less than ot low speeds and ls in
better cgreement with the predicted value, while the flight
meneuvering point is roarwerd of the predicted location. This
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indicates that the flight velues of Cpg and C tend to became
mors poesltive at high airspeeds, a phanomens previously discussed in
connection with the power—on-—clesn stabic—-stabllity date.

Elevator Control in Landings

Figure 17 shows the wind-tunnel and flight—teat data of
elevator angie and elevator control force required in landings. For
satisfactory control at the forwerd center—of-—gravity location the
elevator should be capable of holding the alrplane off the ground
at 1,05 VS1,. It is estimated that this would correspond to epproxi-
mately Qi miles per hour, but due to the chjectionable stalling
characteristics of the BTD-1 airplane no attempt was made to land
at less than 95 miles per hour. The wind—tunmel predictions indicate
that at center—of-—gravity locations forward of 0.27 M.A.C. elevator
control would be merginel at speeds below 95 mlles per hour. Under
the same loading conditions the flight data indlicate that the amount
of elevator aveilsble is insufficlent,

Comparison of the elevator-angle data of figure 17 with thaet
of figure 10 indicates large ground effect at low speeds (approxi-
mately 12° at 95 mph) and the agreement between £light and wind—
tunnel data ls good. The difference in absolute values of slevator
angle is dus mainly to the larger elevator effectlveness and more
positive for the model, as previously discussed in comnectlon
vitk the glide configuration static—stability data.

The correlasation of elevator control forces between the wind-
toonel and flight data is falr. The predicted walues of elevator
con’rol force for low-speed landings (100 to 110 mph) range from
2€ to 40 pounds for the test center—of—gravity range, compared to
a Gogired maximum of 35 pounds, The corrssponding flight valuss
wer= greater than 45 pounds, and were considered excessive. The
use cf large down-tab angles would have resulited in & reduction of
forces (estimated 10 1b change at 100 mph), but would have given
large push forces in the spproach. Due to the large number of
variables involved, 1t la difficult to determine the reason for the
difference between T1light and prsdicted force values; however, it
appears that the larger flight values are to a large extent due
to more negative Cpy, &8 mentioned previcusly in the statlic—
stabillity dliscusslon.

Differences In Correlatlion

In attempting to correlate flight—test data of the BTD-Ll
airplane with data obtained in the Ames 7— by 10-foot wind—tunnel
numesrcous difficulties were sncountered. Due to the amall scale of
the model, some physical differences may be noted, such as the lack
of elevator trim tebs and changes in the wing flap cut-outs. Also,
distortion of the small vane on the lower surface of the model
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elevator may be a reason far a dlscrspancy in the comparison of the
elevator derivatives. This small vane may alsoc be subject to large
Reynolds number effects. It was delermined from unpublished full-
scale wind—tunnel data on flle at the Laboratory thet, due to
leakege, the elevator sesl used In filght was less effective than
that tested in the 7— by 10-foot wind tumnel. This resulted in less
negative Cpy &and more negative ChCL values for f£light. The
airplane elevator fabric was excesesively loose in comperison with
other airplanes, and considerable fabric distortion was indicated at
speeds above 200 miles per hour. Throughout all configurations a
comparison of the elevotor—angle curves determined from flight and
wind—tunnel measurements shows an sbsolute displacement of about 2°
which could be ascribed to the difference In elevator . Analysis
indlcated that this could result from a more positive flight
stabllizer setting. of about 0.3°, Additiomal possible errors due
to control frictiomn, the allowance for spring load in the elevator
system, and changes in elevator-—tab effectiveness made elevator-
force correlation especially difficult, Although an éffort was
madn to maintaln definite power relations, some of the dlscrepancy
noted in the landing eand glids conditions may be caused by
differences in the alrplane and model T, — Cr, relationship.

Far all conditions the correlation For stick—fixed stablility
as measured by d5,/dVy 1is falrly good, with the largest
discrepancy being noted in the landing condition at the forward
center—of-gravity location. Thls discrepancy is evidently caused
by & large decrease of the elevator effectiveness in £flight at
large up—deflectlons. In wind—tunnel computations zero thrust
coefficient was used for the power—off conditions; whereas In
flight the propeller might have been operating at negative values.

The differences Iin the correlation of etlck—free stabillty as
measured by dFe/dVi are the result of a number of varying factors.
Smnll changes In Cmg Chg, and elevator—tab effectiveness
give in some configurationsLlar (= differences in the comporison of
the stick—force slopes. The difference in the landing and glide
conditions at the forwerd ceiiter—of-—gravity locotlon. is due in
part to the negliglble change in tab effectiveness {computed for
To =-0), with Cp, =ohd a less negative Chgs obtained from the
wind—tumnel data. Again this change in Cy. mey be caused by
seal leskege, dlstortion effects and the propeller operating at
o negative Tg; value In flight.

CORCLUSIONS

From the dota presented In this report on the Navy BTD-1
airplane the followlng conclusione may be drawn with regard to
the correlation of the data obtained in Flight and that obtained
in the Ames T— by 10-Ffoot wind tunnel:
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1. The correlation of the wind-tunnel predictions with the
longlitudinal—stebllity and —control characteristics obtained in
flight is qualitatively good. The wind—tunnel predictions indicated
the same satisfactory or umeatisfactory characteristica that were
obtained in £flight for the critical conditions.

2. The wind—tunnel data are of sufficient accurccy to indicate
the chief reasons for the unstable characteristics, and poasslble
methods of lmprovement. However, ther: were sizeable gquantitative
differences in the flight and wind-—tunnel elevator aerodynamic
derivatives, due in large part to physical diesimilarities between
the model and airplane (especially the control syatem), imperfect
matching of power condltlons, and flight control-surface distortion.

3. Lerge-scale wind—tunnel tests of the tall surfaces in which
flight conditions are more closely duplicated would no doubt yield
aerodynemic dota which would permit better quantitative predictions
of flight cheracteristics, espsclzlly for an unorthodox control
surface such as the senled elevator with £ nose vane ag lnstalled
on the BTD-1 airplane,

Ames Aeronautlcal Leboratory,
National Advisory Commlttee for Aeronautlcs,
Moffett Field, Calif.
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Aeronsutical Engineer, Aeronautical Engineer,
Approved.:
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Aeronsutical Engineer,.
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TABLE I,.,— GENFRAL CHARACTERISTICS, DOUGLAS BTD-1 AIRPLANE

Manufacturer

Type -

Navy number

Normnl gross welght
Center—of—gravity locatlons
Most forword allowable, gear—dOWIL + & o o s s s »
Most rearward allowabls, gear-up e e s e s e e
Maximum load factors
17,000-pound gross weight

18,000-pound. gross welght

Engines

Make and type

Propeller gsar ratio
Maximum speed 1imit

Supercharger gear ratlos

Propellier

Make and type

.

L3

Number of blades .

Diameter

-

-

Douglas Aircraft Co.
Navy BTD-1
e et s e e s s s 0ho68
17,970 1ib

0.21 M.A.C.

0.29 M,A.C.

e & v 9 B & 8 & & & B * DB 5'98
& & ® € & ¢ 4 &« & ¢ = § & o 5.56

. Wright Duplex Cyclome R—-3350-1lk,
li—cylinder double-row, one-speed.
supercharger, asir-coocled
0.5625

. & e = [ *& & » a ¢« ® e & ® e

a 53 ¢ & B € 3 & ¢ & & @ e »

2800 rpm
6.08=1, 852 =1

Curtiss Electx;ic s constant—speed blade
number X836-102-2k
- L] -« L L * L L] - L ] L L] L L] . fO'ur

12,67 £t
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TABIE II.— WING AND HORTZONTAL-TATI-FPLANE DIMENSIONS,

DOUGLAS BTD-1 ATRPLANE

Iten Wing | Horizontal tail
Area 1391.5 sq £t 286.53 sq £t
Span k7.95 P& 19.85 £
Aspect ratio 5.87 4.55
Taper ratio 0. 469 0.506
Dihedral of leading edge |inner section —10° 7°
outer section 10°
Incidence at root 2031t51" 1°
Root section ESXX25-218 NACA 0012-6L

Joint section

Tip section

M.A.C.

Modified KACA
65, 22518

NACA 65, 2-2515

8.56 £t

Modified 1071k

L.56 £t

1 includes flap area

2 includes elevator area
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TABLE ITT.— CONTROL AND FLAP SURFACE DIMENSIONS,
DOUGLAS BTD-1 ATRPLANE

ITten Elevator Elevator tab Flaps
-_— - Partial:
Sealed nose balancs agouzl;gpan
Vi with vens retractable
vane
Area
{Aft of
hinge lins 21.65 sq £t 3.15 8q Tt 45.28 sq £t
both sides)
Span 8.19 £+ k.01 £t 12.25 £t
(one side)
Flaps up 9.45° down 15.8° wp
20.950 up
Travel  Igiaps down k.20 down 5.00 down 35.0°
32.2°9 up
M.A.C. 1.38 ft -_—— - —_—— -
Chord Tip 15.2 in. Iomnsr 5.3 in. ————
Root 30.1 in. Quter 4.1 in.
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-— - FIGURE LEGENDS

Figure 1l.— Douglas BTD-1l airplene as instrumented for flight tests.
(a) Three-quarter front view, flaps retracted.

Figure l.— Continued. Douglas BTD-1 airplane. (b) Three—quarter
rear view, flaps extended.

Figure l.— Concluded. Douglas BTD-1 airplane. (c) Rear view of
horizontal stebilizer, showling elevator slat.

Figure‘ 2.— Three—view drawing Douglas BTD-1 airplane.
Figure 3.— Detail of horilzontal tail on the Douglas BTD--1 airplane.

Figure k.- Variastion of elevator control force with elevator angle
as measured on the ground with no load on the control surfaces.
Douglas BID-1 airplanse.

Figure 5.— Variation of slevator angle with stick position.
Calibrated on the ground with no load. on the control surfaces.
Douglas BTD--1 airplans. -

Figure S.— The 3/l6-scale model of the Douglas BTD-1 airplane as
tested in the 7— by 10—foot wind tunnel. (a) Three--quarter
roar view with the flape and gear extended.

Figure 6.— Concluded. Douglas BTD-1 airplane. -(b) Front view with
the flaps and gear extended, in the presence of a ground board.

Figure T.— Detalled view of extended flaps on the 3 /lG-—scs.le model
of the Douglas BTD-1 airplanse.

Figure 8.— Variation of elevator control force and elevator angle
with correct indlcated airspeed. Glide condition, Douglas
BTD-1 airplane.

Figure 9.— Varlation of elesvator control force and elevator angile
with correct indicated alrapeed. Power—on clean condition,
Douglas BTD-1 airplane.

Figure 10.— Variation of elevator control force and elevator angle
with correct indicated ailrspeed. Landing condition, Douglas
BTD-1 airplans.

Figure 11.— Variation of elevator control force and elevator angle
with correct indicated airspeed. Approach condition, Douglas
BTD-1 airplans.

Figure 12.— Varlatian of elevetor angle with 1ift coefficient.
Landing condition, Douglas BTD-1 airplans.
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Figure 13.- Varlation of neutral point with correct indicated
airspeed. Douglas BTD-1 airplane. (&)} Flap and gear up.

Figure 13.—~ Concluded. Douglas BTD-l airplans. (b) Flap and gear
down.

Figure 1h.— Variation of tab effectivensss with 1ift coefficient.
Dbouglas BTD-1 airplane.

Flgure 15.— Varilation of elevator control force and elevator angle
with normal acceleration in steady turns. Powsr-on clean,
Douglas BTD-1 airplsane.

Figure 15.— Continued. Douglas BTD-1 airplens.

Figure 15.-- Concluded. Douglas BTD-1 airplene.

Tigure 16.~ Variation of elevator control-force gradient with
center—of—gravity position. Power—on clean condition, Douglas
BTD-1 airplane. :

Flgure 17.— Variation of elevator angle and control force with
contact airspeed in landings. Douglas BTD-1 alrplane.
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(a) Three—quarter front view, flaps retracted.

Figure 1,~ Douglag BTD-l alrplane as instrumented for flight tests.

NATIONAL ADYISORY COMMITTER FOR ARRONAUTICS

AMES AXRONAUTICAL LABORATORY — MOFFETT FIELD, CALIF,
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{b) Three~quarter resr view, flaps extended,

Figure l.— Continued. Douglas BID-1 alrplane.

MATIONAL ADVIDORY COMNITTEE FOR AERONAYTICE
AMER AREONAUTICAL LARORATORY — WOFFETT FIELD: CALIF.
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(c) Rear view of horizontal stabilizer, showing elevator slat.
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(e) Three—quarter rear view with the flaps and gear extended.

Figure 6.— The 3/16-scale model of the Douglas BID-1 airplane as tested
in the 7— by 10—foot wind tummel.

NATIONAL ADVISORY COMMITTEE FOR AFRONAUTICR
AMF2 AERONAUTICAL LABORATORY — MOFFETT FIELD, CALIF.
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(v) Front view with the flaps and gear extended, in
the presence of a ground board.

Figure 6.— Concluded. Douglas BTD-1l alrplane,

NATIONAL ADVISQRY COMMITTEE !l AERONAUTICS

| _AMES AERONAUTICAL LABORATORY — MOFFETT FIELD, CALIF.
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Filgure T.— Detalled view of extended flaps on the 3/l6-scale
model of the Douglas BTD—-1 airplans.

NATIONAL ADVISORY COMBMITTEE FOR AERONAUTICS
AMES ARRONAUTICAL LABORATORY — MOFFETT FIELD,
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