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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
BESEARCH MEMORANDUM
for the
Bureau of Aeronautics, Navy Department
COMPARISON OF WIND-TUNNEL PREDICTTIONS WITH FLIGHT
MEASUREMENTS OF THE LONGTITUDINAT~STABITITY
AND -CONTROL CHARACTERISTICS OF A

DOGGLAS BTD-1 ATRPLANE

By Mort V. Bunnell and Neel K, Delany

SUMMARY

Low Mach number longlitudinal-staebility and -control
characteristice as predicted by use of wind—tunnel data from a
powered 3/16-scale model are compared with flight—test measure—
ments of a Navy BTD-1 airplane. The accuracy of the wind—tummel
data and the discrepancles involved in atbempting to correlate
with flight data are discussed and analyzed.

The comparison showed that wind~tumnnel predictlons were, in
gensral, In good asgreement with flight—test data. The predicted
valuss were far the most part sufficlently accurate to show the
satlisfactory and unsatisfactory characteristics in the preliminasry
design stage and to indicate possible methods of improvement. The
discrepancies which did occur were attributed principaliy to
Physical dissimilarities bebtween model and airplane and the
inzbility to dotormine ccocurately the flight power conditions. The
effect of Mach number was consldered negliglible slnce the maximmm
flight—test value was about 0,5. In order to simulate more closely
the flight conditions and hence obtalin more accurate date for
predictions, 1t appears desirsble to perform large-scale tests of
unorthodox control surfaces such as the smealed vaned elevators with
which the airplane was equipped.

INTRODUCTTION

The flylng gqualities of various types of airplanes have been
predicted during the last few years from wind—tunnel measurements
of powered scale mcdels In the past, when the predictlons have
indicated unsatisfactory stabllity and control charecteristics s
wind~tunnel data have been used as a gulde in the redesign of the
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alrplane, The NACA has undsriaken an investigation to study the
reliabllity of this prediction procedure by a detailed 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 spimnsr was used in all the model
tests, The model elevator was egquipped with a nose secl and o fixed
vane (fig. 3). No elevator tebs were installed. A detoiled view of
the model wing flaps is presented in figure 7. The cut—out spaces
for the wing flaps varied slightly from those of the alrplane.

ATRPLANE INSTRUMENT INSTALLATION

Standard NACA instrumsnts were used to record photographlcally,
as a function of time, quantities from which the following varlables
could be obtalned: alrspeed, normel acceleration, altitude, and
applied elevantor control force. The engine—operation date were read
from the service instruments in the airplane, The mechanical—type
elevator-position recorder was attached directly to the elevator
control horn. Both stroin-goge and mechonical—type instruments ‘were
used in the measurement of elsvator—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 ahead of the wing lezding
sdge. (See flg. 1.) Throughout this report the values of indicated
airspeed were computed from the alrspeed formula (corrected for
compressibility) commonly used in the calilbratlion of standard airapeed

indicators. .
BE-p O .286 L
Vs = 170 + 1 -1 ]|z
+ 103 [ (29._92 )
wheie -
H fres stream total pressure in inches of mercury
P free stream static pressure in inches of mercury

COEFFICIENTS AND SYMBOLS

The coefficlente and symbols used in this report are defined
ag Tollows:

ey, 1ift coefficient (L/qS)

Crm pitching-moment coefficlent about the center of gravity
(M/qS K.A.C.)

Cmo pitching-moment coefficlent about the center of gravity
at zero 1ift coefficient

Cms the rate of change of pitching-moment cosfficlent with
elevotor angle @Cm.[aﬁe)CLﬁ . 8t constant 1ift coefficient
and +tob angle
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the rate of change of pltching-moment coefficient with 1lift v
coefficient (3Cm/3CL)g,3: &t constant elevator and tab
angle

elevator hinge-moment coefficilent (H/qSeCe )

the rate of change of elevator hinge-moment coefficient with
olevator angle (oCy/d8y EC 5. ot constant elevator tab
angle s VL

the rate of change of elevator hinge-moment coefficlent with
tab angle (dCh/o®t) CrBe at constant lift coefficient and

3

selevator angle
the rate of change of elevator hinge-moment coefficient with

1if't coefficlent (ach/BCL)aoat at constont elevator and
tab angle

thrust coefficient (T/oVeD?)

elevator angle, degrees

teb engle, degrees

tab angle to trim to zero comtrol force, degreea

wing aresa, sguare feet

mean aerodynamic chord of the wing, feet

elevator_are& aft of_the hinge ;1;§?m§gu?:e feot

elevator root-mean—equare chord aft of the hinge linc, feet

propeller dlameter, feet

elevator control force, pounds

1ift, pounds

alrplzne welght, pounds

pliching moment about the center of gravity, foot—pounds

elevator hinge moment, foot-pounds

net thrust of the propsller, pounds

acceloration of gravity (32.2 ft/ssc2)
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Ag -the ratio of the net aesrodynamlc force along the airplane
Z—axls (positive when directed upward) to the weight
of the alrplane

q dypamic pressure (BEV2), pounds per square foot

p alr demnsity, slugs per cubic foot

v true airspeed, feet per second

Vi correct indlcated alrspeed, mliles per hour
TESTS

As mentioned in the introduction, this report desls with statlc—
longitudinal stabllity, elevator control in turning flight, and
slevator control in landing. The Following is a brief description of
the tests and methods of computeiilon.

Flight Tests

The flight tests were performed at two center—of-—gravity
positions (approximately 0.26L and 0.309 M.A.C. flap and gear up)
and although there were small voriatlons in weight due to ballast
and fuel consumption, 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 altitude of less than 6000 feet. The maximum test
Mach number was approximately 0.5, whlls the Reynolds number varied
from 8 x 10° %o 26 x 10°, The following chart describes the various
test configurations:

Position Power
Englne
Cowl fznifold speed Brake
Condition Flaps Gear flap [DTESSUTS setting horse—
(in. Hg) (zpm) er
Glide Up Up Closed 15 2200 —
Power— Up Up Open 45 2h00 2100
on clean
Tanding Full Down Closed | Throttled 2400 —
down
Approach Full Down. | Closed 28 200 1430
down
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Static iongltudinal-stablility characterigtics.— The varia—
tions of elevator angle and elevator control force (tab constant)
with alrspeed were obtalned from short records taken in steady,
strailght, wings—level flight at various airspeseds for the four
flight conditions and two center—of-gravity locations described
previously. In addition, the variation of elevator control force
with tab deflection was measured at several constant airspeeds in
each conditlon., The slopes of the lgtter curves of the varlation
of elevator control force with teb deflection wers used over the
linear range to determine the flight variation of tab effectlveness
Chat with 1i1ft coefficient.

The sticlk-fixed and stick—free neutral-point posltions were
derived from curves of elevator angle and tab angle for trim (cross—
plotted from the stick—force tab-angle curves at zeroc force) &s a
function of 1ift coefficient. The slopes d8g/dCr, and d&to/dCL
were plotted as a functlon of center—of—gravity location.

The locations for d8,/dC; = 0 (Cp = 0) and &g /dCp = O
(Cp = 0 and Cp = 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 wlth normal acceleration factor was measured
in turning flight in the power—on cleen condition. The airplans was
first trimmed to zero stick force at emch test speed 1n a wings—
level steady—flight condition. Short records were taken (airspeed
constant) at various acceleration factors (Az). Due to
gtructural limitations the maximm test in acceleration was limlted
to about 3g.

Blevator control in landing.— ILandings were made at various
touchdown alirspeeds over a gafe and feasible range. The tests were
performed in the landing configuration (i.e., flaps down, gear
down, and engins 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 made 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 conditiona, the propeller-blade angle was set
at 19° at the 0.75 radius station,

Basic date.— The data were first plotted as curves of 1ift
coefficlent Cj, pitching-moment coefficient C and elevator
hinge-moment coefflcient Cy, as functions of tﬁrust coefficlent
Ty, for various constant angles of attack and elevator deflection.
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The cross plots of these dots were used to obtain the wind—tunnel
curves of plitching-moment coefficient and hinge-moment coefficient
ag o function of 1ift coefficlient. The test conditions are

outlined in the Tollowing table:

Model -
configuration Elevator Tnil Thrust
Flaps - angle Incldence | coefficlent

and Propsller (deg) {d=g)

Zear

Up Off 5 to —35 0.75 -——
Up On 5 to 15 S5 0 to 0.75
Up on 0 L 0 to ..75
Up Ooff 0 L —— -
Dovm Off 5 to -30 15 _———
Down On 5 to ~30 .5 O
Down On 5 to 15 75 0 to .25
Down Cn 5 to 10 .o 0 to .85
Dowvn on o] I 0 to .85
Down Ooff (0] b ———
Down# on 0 %o =35 15 0 to .25

*Ground board installed in wind turmel for these
teats.

Derivation of stability and control characteristics.—
Refcrence 3 describes the methods used for computing variations of
elevator control force and elevator angle with alrspeed in steady,
straight flight; elevator-angle and stick—force gradient required
In turning flight; and the vorlation of elevator angle and control
force with contoct epeed in landings., The dota, used in the
d¢erivation of the landing characteristics, were cbtailned in the
Presence of a wind—tunnel ground board. The results were computed
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for a gross weilght of 18,000 pounds and for the center—of-gravity
positions used in flight and noted on the figures. The kinematilcs
of the control system (fig. 5) and the effect of a bungee (fig. k)
used in the computations were the values messured cn the airplans,

RESULTS AND DISCUSSION
Static-Longitudinal~3tabllity Characteristics

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

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

The stick—fixed stability (fig. 13(a)) as measured by the
8lopes of dbe/&Vi (or dﬁe/dCL) and neutral-point location are

approximately the same. Anslysls indicated that the differences in
dﬁe/ivi 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—tunnel values of Cm8
and CmCL‘

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

for the model, This accounts in part for the ebsclute 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 &g — V4 curves ls sometimes obscured by
differences in Cmgy, and Cmg. . This difference in indlicates
that the airplane may have had a more positive stabillzer setting
than the model.

There 1s good agreement in the stick—force characteristics at
the rear center—of—gravity location and falr agreement at the
forward locatlion, the flight curves having greater slopes in each
case., The Gtick—Ffree neutral—point location computed from the flight
data is about 6 percent forward of the predicted value. (See fig.
13(a),) Although the flight teste indicate & more negative
(i.e., less stable) velue of Chgy than the wind—tunnel tests, the
force—curve slopes in figure 8 are greater for flight, due primerily
to more negative flight values of Cpgy. Some of the disagreement,
especially with center of gravity forward, may be attributed to the
different dae/avi slopes. As shown in figure 8, better agreement
was obtained when the flight elevator angles were used 1n the
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wind—tunnel computations. Flight measurements show a large decrease
in tab effectliveness with increasing 1ift coefficient (fig. 1h).
This tends to make the flight data more stable, especially at low
speeds, : - :

Power—on clean condltion.— In figure 9 the wind—tunnel pre-
dictions and flight—test results show positive sticlk—fixed and
stick—free stabllity over the speed range. Except for the greater
flight stick forces at the forward center-of—graviiy position, the
agreement between flight and wind-tunnel data is good. The slope of
elevator angle with velocity (fig. 9} and the neutral—point location
(fig. 13(a)) and hence Cmgy, and Cmg 8re approximately the same
for the flight and wind—tunnel date. There 1s good agrsement In the
gtick—force characteristics at the rear center—of-gravity position
and falr agreemsnt in the forward position, with the flight curves
being more stable in each case., The stick—{Lree neutral point for
the wind tunnel was within about 2 percent M.A.C. of that measured
in flight at low speeds. Analysis indicated the possibility of
control-surface distortion in £1ight at speeds greater than 200
miles per hour, such that eand C became more voeltive with
increasing speed. The Chep, = effect predominated and increased the
stable flight forces at high speeds causing & rapid rearward neutral—
point movement, as indicated in figure 13(a).

Landing condition.— Figure 10 shows that in both the wind-—
tunnel predictions and flight-—test results, positive stick—Ffixed
end acceptable stick—f{ree 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 angls as a function of 1ift
coerficient (fig., 12) Indicates that the flight elevntor 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—Ffixed
neutral-point location, allowance was made for thls loss in effec—
tiveness, Figurs 13(b) shows that the stick—fixed location was
reerward of 0.40 M.A.C., and that flight and wind—tunnel data are
in good agreement.

The elevator control forces are in good agreement at the rear
center—af-—gravity location and falr agreement at the forward locatlon,
with the curves obtained in flight being slightly more stable in sach
case, Figure 13(b) shows that the predicted stick—free neutral—point

~1s about 0.06 M.A.C. aft of the Plight location. Further ansclysls
indicated that although Chg computed from flight date was more
negative (less stable) than Tredicted by the wind—tunnel, the more
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stable stick—force slopes as measured in flight are due for the most
part to the more negative flight values of ChCL'

Aoproscin condition.— In figure 1l both the wind—tunnel
predictiore and the flight—tes® results indicate positive stick—
fixed stabllity over the speed range, excopt at the rear center—of—
gravitry locotion wheore the elevator control forces arse unstaoble at
speeds vpelow 105 miles per hour,

The stick-flxed stability as shown by the elevator-ongle slopes
at both center—of—gravity positions and the neutral-point locations
(fig. 13(b)) is in good ogreement throughout. The rapid forward
movement of neutral~point location with increased 1lift coefficient
indicates a sizecble destabilizing effect dus to power.

The stick forces as determined by the wind tunnel are approxi-
mately the same as those mecsured in f£light, while the predicted
neutral-point location is about 0.02 M.A.C. aft of the flight—test
location — an indication of a more positive flight Chey, The
8light difference of the stick-force curves at low gpeeds for the
forward center—of-gravity location is due for the most part to the
more stable flight elevotor—angle wvariation.

Longitudinal-Control Characteristics in Turning Flight

Excessive control-force grodients (greater than 12 or 15 lb/g)
are shown in figures 15 and 16 for both flight and wind—tunnel tests
at the forwerd centerm-of—gravity location, and for the rear location
at the high speeds. An exoemination 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 £light results lead to the same conclusion for
the lower speeds; however, the gradients are considerably greater
than predicted at higher speeds., They arc slightly less than
Predicted at the rear center of gravity at lower speeds. As would
be expected from the good agreement in stick—fixed static longlitudinal.
stabllity characteristics there is no large or consistent difference
between the flight and wind-tunnel elevator-angle 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 location and the more forward flight
maneuvering—point location (fig. 16) indicote more negntive flight
values of Chy and Chgy, » vespectively. This conclusion agrees
with the discussion glven previously for the glide and power—on—
clean static—stabllity data. At the highost test apeed of 272
miles per hour, the flight variation of stick—Force gradient with
conter—of—ravity location is less than at low speeds and is in
better cgreement with the predicted value, while the flight
meneuvering point is rearwerd of the predicted location. This
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indicates that the flight values of Cpg and C tend to become
more posltlve at high airspeeds, a phenomens previously discussed in
connection with the power—on-—clean static—stabllity date.

Elevator Control in Landings

Figure 17 shows the wind-tunmel and flight—teat data of
elevator angle and elevator control force required In landings. For
satlsfaciory control at the forward cenbter—of—gravity location the
elevator should be capable of holding the airplane off the ground
at 1,05 V31,. It is estimated that this would correspond to epproxi—
mately 94 miles per hour, but due to ths cbjectionable stalling
characteristics of the BTD-1 airplane no abtempt was made to land
at less than 95 miles per hour. The wind-tunnel predictions indicate
that at center—of-gravity locations forward of 0.27 M.A.C. elewator
control would be msrginel at speeds below S5 miles per hour. Under
the seme loading conditions the flight data indicate that the amount
of elevator availeble is insufficlent.

Comparison of the elevator-angle data of figure 17 with that
of flgure 10 indicates large ground effect et low speeds (approxi-
mately 12° at 95 mph)} and the agreement between fiight and wind—
tunnel data las good. The difference in absolute values of slevator
angle is due malnly to the larger elevator effectiveness and more
poritive for the model, as previously discussed In conmnection
vitk The glide configuration static—stesbility data.

The correlation of elevator control forces between the wind—
tvmmel and £light data is falr. The predicted values of elevator
conirol force for low-speed landings (100 to 110 mph) range from
2€ to 40 pounds for the test center—of—gravity range, compared %o
a degired maximum of 35 pounds. The correeponding f£flight values
ver=~ greater than 45 pounds, and were considered excessive. The
use cf large down—tab angles would have resulted in & reductlion of
forces (estimated 10 1b change at 100 mph), but would have given
large push forces in the epproach. Due to the large number of
variables involved, 1t l1s difficult to determine the reason for the
differeice between 21ight and prsdicted force values; however, it
appears that the larger flight values are to a large extent due
to more negative Chs s &8 mentioned preoviocusly in the static—
stability discussion.

Differences in Correlation

In attempting to correlmte flight—test data of the BTD-L
airplane with data obtained in the Ames 7— by 10-Ffoot wind—tunnel
numerous Gifficulties were encountered. Due to the smell scale of
the model, some phyeical differences may be noted, such as the lack
of elevator trim tebs and changes in the wing flap cut-outs. Also,
distortion of the emrll 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 1ls evidently caused
by o large decrease of the elevator effectivenesa 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
longitudinal-stabllity and —control characteristics obtained in
flight is qualitatively good. The wind—tunnel predictions indicated
the same satisfactory or umeatisfactory characteristica that were
obtained iIn flight for the critical conditions,

2. The wind—tunnel data are of sufficient accurccy to indicate
the chief reasons for the umnstable characteristics, and posslble
methods of Improvement. However, thers were sizeable quantitative
differences in the flight and wind—tunnel elevator asrodynamic
derivatives, due in large part to physical diesimllaritles betwesn
the model and airplane (especially the control syatem), imperfect
matching of power condlitions, and flight control-surface distortion.

3. Terge-scale wind—tunnel tests of the tall surfaces in which
flight conditlions are more closely duplicated would no doubt yield
serodynemic data which would permit better quantitative predictions
of flight characteristics, espsclally for an unorthodox control
surface such as the sealsd elevator with & nose vane as lmnstalled
on the BTD-1 airplane,

Ames Aeronautlcal Leboratory,
National Advisory Committee for Aeronautlcs,
Moffett Field, Calif.

2 el "'L.&l . 'f’a’{’(’ el %‘é//’m

Mo,}‘{t V. Bunnell, Nosl K. Delony, ﬁ/
Aeronsutical Engineer, Aeronautical Enginser,
Approved.:

v
T /4{'-4_,-:5;- \./fi'"!,__}?}‘__‘;

John ¥, Parasons,
Asronsutical Engineer.

Donald H, Wood,
Aeronautical Engineer,
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TABLE T,— GENERAL CEARACTERISTICS,DOUGLAS BTD~L AIRFLANE

Manufacturer . o o ¢ « ¢ o s a o« ¢« o = s @ Douglas Aircraft Co.
Type ® s o e s s 5 s s s w e 4w b 3 s s 8 v s oe s Navy BTD-L
Navy nutbel . o « 2 o o 2 o o « s s s« ¢ o s s a ¢« v s o oLkob8
Normal gross welght P T T T S 17,970 1ib
Center—of-~gravity locatlons |
Most forword allowable, gear—QOWHL + o« « = o = s o 0.21 M.A.C.
Most rearward allowable, gear-up “ e s e s e e 0.29 M,A.C.

Maximum load factors

17, OOO—pound. 81'055 'Weight ¢ 5 ®w & B & @& e o & ® s & @ 5 s 98
18’ mpoum g‘oss wei@t - r ] ® L - . a - L] L] - . - - 5. 56‘
Engines

Mokeo and type . o« o o « » o Wright Duplex Cyclome R—3350-1lk,
lh—cylinder double—row, one—speed.

supercharger, air—cooled

Propeller e TAEIO o o » o o ¢ o o s o = s « « = o 2 » o 0.5625
Maximum speed 1dImit . . o & 2 o ¢ » ¢ s ¢ s o o o o s 2800 rpm
Supercharger ge8r ratlos + « « « « « « + » « 6.,08=1, 8,52 =1

Propeller

Make and type +« ¢ o « Curtiss Electx:ic s constant-speed blade
number X836-1C2—2L

Number of DIJades8 . o ¢« ¢« o o s ¢ ¢ o« o ¢ ¢ o s o s o o = four

Diametexr e 5 ® s s € o & 8 & v v 'a € & v 4 & ¢ o & o 12.67ft
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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 leeding edge |inner section —10° T°
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

Item

Elevator Elevator tab Flaps
- +isl:
Sealed nose balance Pagoizj;gpan
TE with vene retractable
vane
Ares,
{aft of
hinge lins 21.65 sq £t 3.15 8q Tt 45.28 sq £t
both sides)
Span 8.19 £t k.or £t 12.25 ft
(one side)
Flaps up 9.45° down 15.8° up
20.95% up
Travel Flaps down 4.2° down 5.09 down 35.0°
32.2° up
M.A.C. 1.38 £t -_——— —_————
Chord T™p 15.2 in. Imner 5.3 in. —~—— -

Root 30.1 in.

Outer 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 elevator asngle 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.-— Variation of neutral point with correct indicated
airspeed. Douglas BTD-1 airplane. (a)} Flap and gear up.

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

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

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

Figure 15.— Continued. Dougles BTD-1 airplene.

Filgure 15.-- Concluded. Douglas BTD-1l airplene.

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

Figure 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 1l,~ Douglas BTD-L airplane as instrumented for flight tests.
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(c) Rear view of horizontal stabilizer, showing elevator slat.

Figure 1.— Concluded, Douglas BTD-1 airplane.
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(a) Three—guarter rear view with the flaps and gear extended.

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

KATIONAL ADVISORY COMMITTEE FOR AFRONAUTICR
AMFQ AERONAUTICAL LABORATORY ~- MOFFETT FIELD, CALIF.
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(b) Front view with the flaps and gear extended, in
the presence of a ground board.

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

NATIONAL ADVISORY COMMITTEE !l AERONAUTICS

A.KE mOVAL'ﬂCAL um — MOFFETIT FIELD, CALIF. m—
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Figure T.— Detalled view of extended flaps on the 3/l6-scale
model of the Douglas BTD-1 airplane.

NATIONAL ADVISORY COMBMITTEE FOR AERONAUTICS

AMES AERONAUTICAL LABORATORY — MOFFETT FIELD, CALIF.
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