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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Eavj Department
WIND-TUNNEL TESTS OF THE 1/8-SCALE POWERED
. MODEL oF THE CURTTSS XBTC-2 AIRPLANE
I - PRELIV "INARY INVESTIGATION 07" LONGITUDINAL STABILITY

By Joseph Weil and Eveaiyn G. Wells
INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department a series of wind-tunnel tests was made in the
IMAL 7- by 10-foot tunnel of the Curtiss XBPC-2 model

(1/8- scalo) with power. -

The object ‘of these tests was to determine and to
imorove, as necessary, the complete aerodynamic character-
istics of the model :

" The present’ report includes the results of the
long tudinal stability investigation of the original
model along with results from %tests of various mod1f¢
cations. A pressure-distributi on survey in the region
of the oil-cooler flap location as well as tuft surveys -
to determine the stalling characteristics for various =~
wing modifications are also presented.

MODEL AND APPARATUS

The model was suprplied by the Columbus division of
the Curtiss-Wright Corporation. The model was not checked
for accuracy. It was equipped with a six-klade dual-
rotating proveller which was not to scale; its diameter
being 1.813 feet as compared to the scale value of
1.771 feet. A three-view drawing of the model as origi-
nally received, is shown in figure 1(a), while a photo-

- graph of the original model is presented in figure 1(b).



The cowl flaps shown in these figures were not supplied
by the company but were made at ILwaAL., A drawing of the
cowl flaps 1s shown in figure 2. '

The electrical strain Tagps,‘used to measure

.control-surface hinge moment were suppnlied with the

original moael

The stablllzer angles were sed with a vernier
inclinometer, while fldDS ‘and control surfaces were set
with the aid of temnlets furnished with the model.

Power was cobtained from a SO-Aorqenower three-phase
induction motor furnished by the Curtiss Cornoration,
space for which was nrovided in tre fuselage of the model
The gear box which was us,d for ths dual-rotation
propellers was attached to the nose of the model motor.
The speed of this motor was first Getermined by obser-
vation of a cathode-ray oscillog raoh which indicates the
outnmut of & small alternator .connected to the shaft of. .
the motor. Later it was Lound to be more practical to.
use the input frequency to the model motor. The twme '
base for the oscillograph nattern is controlled by an
audio-osecillator of the ulec+f10allv driven tuning-fork
tyne,  the frequency of which is known w1thin 0.1 vercent.

Pressuré measurements were made on the under surfaCe
of the fuselage in the region which the oil-cooler flap
might oceupy. There was no oil-cooler flap on the model.
These. static pressures were measured about 1/16 inch
from.the surface of the model using small static pressure.
tubes. The oressure tubes were alined approximately
varallel to the air stream. The points at which the
nressures were measured ere shown in figure 3,

The leading-edge wing slats, vnich 'were of the
Handley-Page tyne, were made in two. sections so that two
slat snans could be tested (fig. 1{z)).

A revised horizontal tall (horizontal'tail 2) was
tested when the longitudinal stability of the airnlane
with the original tail was found -to be unsati sfacbory.
For the revxsed tall, areca was added at the tips giving
a larger span and increased aspect ratio (fig. L4). Tests
were also made with each tail raised 6.00 inches (model
dimensions).. For these tests the vertical tail was
removed and & streamlined strut used for support (fig. 5).

Y



In order to simulate the flight condition with the
pilot's canopy oven, the original model canopy was cut
and moved back as shown (fig. 6(3{ and 6(b)).

Unsatisfactory lateral-stability characteristics
also were indicated from early tests. In an attempt to
improve the lateral stability, various wing modifications
were designed and tested. These modifications are
summarized below: :
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Wing modification

‘ QO
I
}—h

i ‘Orlglbal outer rvanel
‘ : swept baCK 16.659;
1 Swept-back airfoil sesctions of 7
outer vanels outer panvl skewed
‘ by this amount +o
alr stream

2 Rectangular T, ! Wing area = 7.26: sq ft; | 8(a), 8(5)
outer panels: a t 5

3 Upturned wing ' ~aspect ra
' tips . . span = 6.5 £t (coef-
- ficients vased on
original model
dimensions}

N : .Skéwed'flaps ' Duple Ilao ovvotcd ,
about outnoard end 10
'so that Afgy = 0.7° !

In order to gather data which might be of value in
future design work, a rectangular wing was designed and
tested. The rectangular wing was composed of a rectangular
inner panel bullt by the Navy, and the rectangular outer
panels which had been tested Drev10u51y This wing had
a . mean aerodynamic chord of 12.2li inches (original
M.A.C. = 12.26 inches). This dlscrﬁ“anny is considered
negligible. The rectangular wing thus had practically
the same span, area, and aspect ratio as the original wing
and was located so that the mean aerodynamic chord would

\
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coincide with the mean aerodynamic chord of the origLnal
wing. A drawing and ohotograph of the rectangular wing
are nresented in figurcs 11l(a) and 11(b),respectively,.
The original center panel had a sharp-edge flap slot
entry while the rectangular panel had a smooth flap slot
entry (fig. 12). Although flaps on both center panels
were about the same area, the chord of the original flaps
was about 21 percent of the wing chord, while the chord
of the rectangular flaps was about 25. 7 percent of the
wing chord. The rectangular flaps move back about the
same distance in inches as the orlfwnal flaps, but”the
original flaps move back about 6.7 percent of the wing
chord while the flaps on the PthadéuldP wing move back
about 7.9 percent of the ving chord,

TESTS

Test conditions.- The tests were made in the IMAL
7- by 10-foot tunnel at dynamic pressures of 16.%7 and
9.21 pounds ver square foot, corresnonding to airspeeds
" of about 80 and 60 miles ncr hour., The test Reynolds
numbers were about 716 000 and 560,000 based on the
wing mean aerodynamic chord oL,l2.a6 inches Because
of the turbulence factor of 1.6 for the tunnel effective
Reynolds numbers were about 1, 192 000 and £96, 000.

Coefficients and 'symbols.- The results of the tests
'are presented in standard NACA coelficients of forces and
moments. Pitching-moment coefficients are given about
the center-of-gravity location shown in figure 1(a)

(22 percent ol the M.A.C. chord of the original wing).

The data are referred to & system of axes in which the

Z2 axis is in the »nlane of symmetry and perpendicular to
the relative wind, the X exis is in the vlane of symmetry
and Deﬂoendlcblar to the Z axis, aznd the Y axis is
neroendlcular to the vlane of svmmutry.

The coefficlents and symbols are defincd as follows:

C1, 1ift coefficient (Z/qs)
Cog resultent-drag coefficient (X/qS)
Cm O%tchﬁng—mbment coefficient M/ch

Che elevator hlnge-momeﬁt coefplclent \f{e/qbe °e%>



Te! effective thrust coefficient (T/qS)
v/nD  proveller-advance-dismeter ratio
P vpressure coefficient (p/q)

where the quantities are defined helow

X - force along X axis

Z + force along Z axis

¥ moment about Y axis

Te effective thrust

a “dynamic pressufe: (%pVZ) (16.37 or 9.21 1b/sq ft)
S .ﬁwing area (6.3l sq ft on original model)

c Wing mean aerodynamic chord (¥.A.C.) (12.26 in.

on original model)

Te - root mean square chord of elevator aft of hinge
line (original tail) (2.081 in.)

S wing slat (Handley-Page slat)

by, . wing span (6.25 £t on original model)

St horizontal tall aresa 1

be elevator svan (original tail) (25.61 in.)

1y - . tall length

vV air velocity

D oropeller diameter (1.813 ft on model)

n revolutions-pef,secohdg

p' difference betﬁéén.ioéél statlc vressure and free- -

stream static pnressure

o) mass density of air

a corrected angle of attack of thrust line, degrees



1g | angle of stabilizer with'respect to thrust line,
degrees, positive when tralling edge is down
-8 control-surface deflection, degrees v
g ﬁropeller blade angle at 0.75 radius, degrees
€ angle of downwash with respect to free stream,
degrees ' : .
A angle of sweep, degrees, pcsitive for sweepback
f' angle of dihedral, degrees, positive when out-

board end is raised
n . neutral-point location, percent mean aerodynamic
chord of original wing (measured from location
of leading edge of M.A.C. of original wing)

Subscripts:

e elevator

t tab

£y inboard flaﬁ ,

£y, -dutboard flap

c cowl

F front ,
R rear

i inboard

o] .outboard

For standard sea-level conditions with the-normal
wing loading of 39.u pounds per squsare.foot, the elevator
stick force 1s given by the following reglation: »

Fg = T15 T

qurectiens.; A1l data have been corrected for tares
caused by the model support strut. Jet-boundary corrections




have been applied to the angles of attack, the drag
coefilclﬂnts, and. the tail-on piltching-moment coef-
ricients. The corrections were conputed as follows:

g ’ '
ba = 57.3 8,F Cp (degrees)

20y = -57.5 3 o o1, (2,
o T o1y \;a ag/a ¥
where
By jet-boundary correction factor at the wing (0.112)
Om total jet-boundary correcticn at the tail varies
B vetween 0.1£9 and 0,200, depending uvon m0uel
attitude and “1ap dellehtwon
S "model wing area (£.3l sq ft)
c tunnel cross-sectional area (69.59 sq ft).
&C |
i change in pitching-moment coefficient per degree
élt . change in stabilizer setting as determined in

tests

qt/q ratio of effective dynamic wvressure over the
horizontal tall to free-stream dynamic pressure

All corrections were added to the test data.

Test nrocedure.- The model propeller was calibrated
by measuring the resultant drag of a clean model for.a
range of propéller speeds at o = 0°.  The thrust coef-
ficlents were then computed from the equation

,TC‘ = CD - CDR

where CD is the drag of the model with the proveller

removed. The results of the calibration are nresented
in figure 13. :

From.the data of figure 13, it is only necessary
to vary the nropeller spesd at any particular tunnel
speed to obtain any desired thrust coefficient, assuming
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that the vropeller thrust is indenendent of the angle of
1nc11natlon of the nr@neller (referencp 1).

The effective thruqt coefficlents at which the tests
were made are shown in figure 1l es a function of 1lift
coefficient for a simulated constant amount of oower with
& constant-sveed propeller., This chart was Supplled by
the Curtiss company.

The model with the rectangulsr outer panels had
increased wing area and the coefficients were based on
the actual area (7.26 sq ft). Since the relation between
Te' and Cp, devend on wing area and wing loading, certain

assumptions about airplane weight ‘ad to be made. One’
possibility is to assime that the wing loading remain
constant with the corresponding in réase 1n gross airplane:
weight. Another vossibility is that the airplane weight

be assumed constant with the corresponding reduction in
wing loading. The case of constant airnlane weight 1is
called "power 4," while that of constant alrplane wing
loading is called "power B." The simulated engine power

is identical for ths two cases (3000 horsepower.)

The curves for power B (fig. L) with the rectangular
outer panels were computed at ILNMAL from the relatlonsnlp .

\

Te'y = To! 1 T

where

31 and 3p original wing area and wing area with the

rectangular outer oanels, PPSDeCtTVGIV /

TCY1 and TCL values of thrust coefficients based on
‘ S 59 and Sy, resoectively - - g

ro

Thus, using figures 13 and 1l, for a given lift
coefficlent, the proveller speed necessary to simulate

any take-off power flight condition can be determined.

In a previous investigation of the model, the,

oroneller blade angle settings used were {p = 25& 8 and’
PBr = ? *n the landwng confﬁéur tion and Ba 50%
and B = 9 "~ in the cruising configuration., Therefore,

all of the ifiitial tests were made with similar settings.

)



Subseguent tests showed the effect of'propeller blade.

angle on longitudinal stability to be negligible. "helo
remaining tesgs were therefore all made using {7 = 2/5
and Py =122% . The ‘blade angle used for each test is

included in table I.

L

In the text and on the figures, the model configu-
ration is given as "cruising" or "landing."  Unless
otherwise noted these conditions &are described as follows: .

(a) Cruising configuration:

A1l flans retracted

Landing gear: retracted

.Cowl flaps closed >
Slats retracted

(b) Landing configuration:

()
o]

Inboard flavs, ﬁfi =

Dublex flaps, ©6p =
o)

U1\
oo
O

Landing gear . extended

Cowl Plam° 259

Outboard slat extenced (the 1%2-inch sectlon
Shown on figure 1(a))

All tests were run -at a tunnel speed of 80 miles per
hour with the exception of the’'power-on tests (landing
configuration), which were made at 60 miles per hour.
This differénce was necessitated because the model motor
had insufficient power for the higih thrust coefficients
required at the high 1ift coefficients.

: A series of stabi1iZer'tests and tail-off pitch.
tests were made for the model with the original configu-
ration and also with subsequent modifications for both -

the crulsing and landing conditions. Tuft surveys were
also run, with the various wing plan forms. Elevator tests
were made to determine the elevator effectiveness with .
windmilling propellers in both the cruising and landing
conditions with the original model. Pressure readings
were taken In the region of the oil-cooler flap.

Downwash angles and dynamic-pressure ratios at the
tail were calculated for the various power concditions,
wxng modifications and tall locatidns from StaDlllZGP



10

and tail-off tests,and represent dverage “values across
the span of the tail

, Neutral points that are presented are always glven
as a distance aft of the leading edge of the original

mean aerodynamic chord in percent of the original mean

aerodvnamic chord.

, A complete summary of the figures and test program
are vresented in table I. -

DISCUSSION
Longitudinal Stability
Effect of horizontal tall con’iguration.- The results
of the stabilizer tests made of the original model for

several power and model conditions are shown on figures
15 and 16

The longitudinal stability criterion specizied by
the Navy for this airnlane. was that a positive static
margin with the center of gravity at 1ts rearmost
location exist for all conditions including the landing
configuration with take-off vpower un to a 1lift coelfficient
of 2.0

. It may be seen that the airplane with the original
taill configuration should be stable in both the cruising
and landing conditions with windmilling propellers for
all contemplated center-of-gravity locatlons, throughout
the flight range (fig. 17(a) and 17(b)).

With take-off power, however, the original tall 1is
unsatisfactory th“oughout the speed range for the cruising
condition (fig. lB(a)) and unsatlsractory above a 1lift
coefficient of about 1.7 for the landing configuration

(fig, 18(b))f

Because the results of the tests with the original
horizontal-tall configuration showed it to be unsatis-
factory, it was decided to increase the -tall effectiveness
by increa31ng both the area and aspect ratio of the
tail (fig. L4). 1In addition, it wus felt that the
longitudinal stability with power-on might be imoroved
in the landing configuration by raising the tall out.
of the high slipstream velocity region (fig. 5).

1
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Tncreasing the size of the horizontal tail (hori-
zontal tail 2).in the original taili location assures
satisfactory stability in the crulsing condition
(fig. 18(a)) and extends the stable speed range in the
landing configuration to & 1ift coefficient of about 2.0
for the most rearward center-of-gravity location with -
take-off power {which about meets the minlimum requirement
previously meéntioned (rfig. 18(b)).

Raising either the original tail or horizontal tail- 2
increases the speed range in which the airplane may be
expected to be stable as compared to the same tail in the
original location (fig. 18(a) and 18(Db)). .

In an attemdt to explain the unusual condltion that
raising the tail increases the stabllity for the cruising,
(flap up) configuration, as well as for the landing (flap
down) configuration, the average downwash angles and
dynamic pressure ratios &t the tail were computed from
the data of figures 15 and 16 for all the tail configu-
rations tested. These curves are presented in figures 19
and 20.

Tt may be seen from figure ZO(a)'thét, with power
in the cruising condition, raising the original tall
increases the rate of change of ‘qt/q at the taiil with
angle of attack, which is unusual, and decreases the
rate of change of downwash (d¢/0c) considerably. Both’
effects tend to increase the stability of the airplane
in the cruising condition where the alrplane flies with-
an uo load on the tail for trim. It may be noted that,
for the original tail in the original position, the rate
of change of downwash O€¢/0c exceeds 1.0 at high angles
of attack indicating that the tall contribution to
stability is destablizing. This effect may perhaps be
traced to the extremely wide center section of the wing
which, in conjunction with the slinstream, concentrates
much of the 1ift developed by the wing (and hence a large
degree of downwash) in a region which directly influences
the horizontal tail. The condition is aspparently local,
_since raising the tail decreases the rate of change of
downwash considerably. '

fiith the flaps down, a high rate of change of dynamic
pressure for the original tail in the original position
is indicated (fig. 20(b)). Such & condition.is unfavorable
since a download - on the tail is regquired for trim.
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' qt :
Raising the tail decreases. d -a%e and at the same time

reduces oe¢/da slightly. Both of these effects are
favorable. ‘ : : :

The value. of average downwash angle at the tail for..
the model with the horizontal tail 2 was somewhat larger
than that obtained with the origile tail. The reason
for this is unknown. ‘

Effect of Handley-Page slat configuration.- A series
of tests (vower-on and power-olfr) was made to determine -
the effect of the inboard.Haﬂdley—?ace slat on longitudinal
stability and maximum 1ift. In acdition, data were
obtained with the slots completely closed. Data are
presented for both taill-on and tail-off configurations
(figs. 21 and 22). ' '

. It appears that the inboard portion of the slot,
when'open, contributes a destabilizing effect equal to
from 1 to 2 percent shift of the neutral point regardless
of povier (fig. 23%). This effect is slight and is
. approximately within the accuracy of the neutral point
calculation. Murther, it seems that from the stability
standpoint, the absence of all slats would furnish the
most desirable configuration. The change in maximum
1ift coefficient with any slot con¢1guration (tail.
of f) appears to be slight at the very best (figs. 21(b)
and P2(b)) However, the slots do have a favorable effect
on stalling characteristics gs wili be shown later.’

Effect of propeller blade angle.- The effect of
changing the propeller blade angle on the longitudinal
stability characteristics is seen to be negligible
(fig. 2&) Therefore, all of the tests in the latter
part of this investigation were made with the same blade-
angle setting “eéardlpss of model configuration (table I).

Effect of swept-back outboard wing modification.-
The outboard wing panel was swent tack 1h order to improve
the lateral stability characteristics of the model. . It
- was also decided to determine the longitudinal Stabllity
characteristics of the model with this wing revision;
therefore, & series of stabilizer tests was made with
the swept-back wing using the original horizontdl tail.
These data, along with thc results of tail-off tests for
the various model configurations, are presented in
figure 25. The neutral point was moved back from 6- to 11
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vercent of the original mean aerodynamic chord throughout
the flight range in the cruising condition (fig. 27(a)

and 27(c)), the larger imwrovement being realized with
windmilling provellers. .For the landing configuration
(fig. 27(b) and 27(d)), the windmilling condition shows

an improvement over the original model corresponding to

a rearward shift of the neutral point of 9 to 12 percent
mean aerodynamic chord. In the landing condition with
take-off power and at a 1lift coefficlent 2.0, the air-
plane with the swept-back wing is neutrally stdble at a
center-of-gravity location of 25.0 percent mean aerodynamlc
chord. This characteristi c approximately meets the :
Navy's minimum requirement for this airplane.. With the
vossible exception of take-off power in the cruising
configuration at high values of C;, the airplane appears.
to have satisfactory longitudinal stability with the
swept-back wing using the original horizontal tail
configuration. ,

The principal reason for this increase in longi-
tudinal stability is that the mean aerodynamic center is
~moved back apnromeately 10 percent mean aerodynamic
chord relative to the original center of gravity through
the expedient of sweeping back the wing. Because.of a
rearward shift of wing weight, the. center of gravity
.will also move back, but to a much lesser extent (about:
1 percent mean aerodynamic chord).

Effect of rectangular outboard wing modification.-=
Another modification, tested primarily to determine its
effect on the lateral stability characteristics,. is theé
rectangular outer wing panels. A series of stabilizer:
tests was made with these rectangular outer panels.

(fig. 26). A comparison of the neutral points obtained
with other outboard plan forms is shown in figure 27. ’

It appears that the neutral point 1s shifted from.
2 to 5 percent to the rear in the cruising condition :
(fig. 27(a) and 27(c)), the 1arger value being obtalned‘
with oower at low speed. There is a similar change in
the landing condition with the vropeller windmilling
(fig. 27(b)). However, with take-off power in the
landing condition at about Cr, = 2.0, the stablllty was
actually worse with the rectangular panel than wit h
any of the other wing modifications (fig. 27(d)). .

It may be noted that the stability with the
rectangular outer panels 1s affected by several factors.
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The mean aerodynamic chord is moved back 0.02% of the
original mean aerodynamic chord ‘The center of gravity
'also moves back about 0.01ly of the original mean
aerodynamic chord because of redlauributed wing weight.
Thus, the stability might be ekpected to be about the
same a8 that obtained on the original model. However,
the wwng in this instance is of increased areai which
wEby

2

S c

tending to decrease the stablllty Apparently, in most
instances, this is more than compensated bV changes in
flow at the tail (fig. 28) so that there is an over-all
increase 1in stabllity. : ‘ -

decreases the relative taill volume factor,

>

It would . .be expected that power A, which represents
the lower wing loading, would be more critical .than ,
power B. 'The difference in the neutral points for these
two conditions is negligible except at high 1lift coef-
ficients in.the landing condltﬁon where power A is
annreciably worse.

Tt should be noted that in the vlots of neutral’
noints (fig. 27) similar values of Cy, for various

conflguratlons of the alrplane, only denote the ‘same
airplane speed for conditions having the same wing
1oad1ng.

.Effect of rectangular wing.- A rectangular wing -
was tested not so much for direct applicdtion on this-
model, but rather as a source.of general des1gn infor-
matlon. ‘This wing, having a smallel inboard panel, had
considerably less area alrectly affected by the sllp-l
stream. .The data-obtained for the model with the .
rectangular wing are presented in figure 29. It appears
that the longitudinal stability of the model with the
rectangular wing is better than that of the model-
with the original wing, except with- take-off power in’
the landing configuratlons below a 1lift coefficlent of.
1.9 (flg- 50(v)).

The slope of the tail-off pitching-moment curve is
not changed by the -change of wing plan form for the
windmilling condition both in .the. cruising and landing
configurations. Thus it follows that the increase in
stability in that conditlon (figs. 3%0(a) and 30(b)) must
be a function of the flow at the tail. This contention

!

I's
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appears to be borne out by the data of figures 31(a) and
31(b). It appears that o©¢/0a -is markedly decrsasecd
when the rectangular wing is used. This decrease is
especially evident in the crulsing condition and may bve
attributed to a change in the span-load distribution from
that of the original wing, with more 1ift being concen-
trated on the outboard panels. - A

The incérease in stability for the model with the
rectangular wing, in the crulsing configuration with
take-off power, corresponds to a rearward shift of the
neutral point of from 5 to 10 perccnt meen aerodynamic
chord, the larger value being realliczed at high-1ift
coefficients. There are several Iactors which might
account for this change. A comparison of tail-olf Cp
curves for the two wing plan forms (figs., 29(b) and
16(2)) shows that there might be z decrease of 0C,, /00T,
corresponding to from 2 to 3 percent mean asrodynamic’
chord rearward shift of the mean aerodynamic chord with
the rectanguler wing for this condition:

A slight decrease in de/da and’ an increase in

qy/4 -at the teil also add to the margin of stability
when the rectsngulsr wing is used.

For the model in the landing configuration and with
take-off power, the model exhlbits more stability at
moderate 1ift with the original wing, while at high
values of C; the model with the rectangular wing is

decidedly more stable. A compariscn of the tail-off
pitching-moment curves for the model with the original
and rectangular wings (figs. 16(c) and 29(4)) indicates
that the former curve has a much greater stable siope
and at the same time gives much larger negative pitching
moments to be trimmed by the tail. These differences
result from the fact that the original wing has more -
area affected by the slipstream. These two factors have
an opposite effect on the stability of the complete
model. That is, the more stable slope tends to increase
the stability of the complete model, while the larger
negative untrimmed pitching momenits tend to reduce the
stability of the complete model because of the higher
tail downloads. for trim. The net effect 1s & function:
of the relative magnitude of the individual effects.

The difference in slopes of the tail-off curves 1s
grestest at low 1ift coefficients while the difference
in untrimmed pitching moment is greatest at high 11ft
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coefficients., Thus it may be expected that the model
with the original wing will be more stable at low 1lift
coefficients and the model with the rectangular wing w1ll
be more stable at high llf‘+ coefficients.

Effect of opening canopy.—,The effect of opening
the pilot's canopy on the longitudinal stability charac-
teristics of the model were determined and found to be
insignificant for both the windmilling and take-off
power conditions in the landing con flgvratlon (figs. %2(a)
and 32(b)). : ,

“ffect of upturned wing tlDB. The 1ong1tud1nal
stabiTity appears to be unaffected when the w1ng tips are
upturned (fig. 33). The slight increase in maximum 1ift
with the upturneld wing can be almest entirely accounted
for by the fact that *he original w+ing areca was used in
the reduction of the data. The decrease in drag coef-
"ficient is probably due in part to a reduction in
induced drag.

Effect of skewing flaps.- W1tn propeller windmilling
the maximum 1ift coefflclent is re¢1ced about '0.12 by
skewing the outboard flaps from -14.5% to 0.7°; however,
this reduction is partly neutralized by a reduction of
about 0.1 in the negative pitching-moment coefficient
(fig. ,h\a . Correcting for the negative tail load
required for trim, the net reduction in maximum 1ift
coefficient would be about 0.09. The slopes of the tail-
off pitching-moment curves remained nractlcally unchanged
when the outboard flap was skewed, If there 1is no change
in the rate of change of downwash angle at the tail, the
1on51tad1nal stability with the propeller w1ndm111Lng
should not be decrsased by skewing the flap. It might
be expected that the stability with power would be
increased because of the smaller negative tall load
required for trim. The data of figure 3L(b) indicate,
however, that the tail load for trim with power will be
about the same whether or not the flap 1s skewed.
Consequently, the power-on stabwllfv may be expected to
be substantially the same.

Effect of elevator and elevator tab deflection.- A
series ol elevator tests was run with the original
horizontal tail in the normal position. These tests
were made with the propeller windmilling for both the
cruising and lsnding configuration (fig. 35). A complete
discussion of the flying qualities will not be attempted
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in this paper since the final airplane is expected to be
entirely revised. However, it may ve interesting to note
that while enough up elevator may »e avalleble to make

a three-noint lanalng with the original confilguration,

if the airplanse was equipned with the swept-back wing

and grcund effect were taken inte consideration, it 1s
entirely orobable that the original elevator would prove
inadeguate. Uslnc a constant tab effectiveness of

Ch5 = -0.0024 (fl,. 36), it appears that an excessive

tab deflection would be Pequlred to trim in. a landing
approach attitude (fig. 37).

Effect of wing vlan form on mavimum 1lift coefficlents.-
A comparison of the maximum 1ift coefficient obtained
with the various wing nlan forms is presented in the table
below. These values of CLmax are based on actual wing

area and are tall-off values.

Wing I Model configur thﬂ‘
‘ " Crulsing " Landing
Originsl ' f 1.2 i 1.9
Swevnt-back outer panels | 1.20 1 2.0
Rectangular outer panels 1.16 - | 1.9
] Rectangular 1.2l 2.2

It is interesting to. note tha* in the landi ng
configuration, the rectangular wing produces the grestest
lift, This might be due to the use of a smooth flap slot
entry as well as several othsr flan details which have
been previously discussed. - ‘

Stalling Characteristics

A study of the stalling characteristics of each of
the wing modifications tested was made. These surveys
were made for various model configurations with and
without power. During most of this investigation,
sketches were made of the progression of the stall. The
flow over the wing was observed by means of silk tufts
attached to the wing. Tuft surveys with the reCuancular
wing, however, were photographed.

Original wing Tuft sketches for the model with
the original wing without power are presented in figures 38
through 6. These figures show that the stall for most
configurations developed first in the vicinity of the
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fold line and spread in b5th directions until ﬁhe wing
was fully stalled. -The landing geszr, when retracted,
delayed the stzll over sectlons of the wing directly

behind it (figs l0). Opening. the cowl flaps
oroduced uns ueaay flow at the wing TOOu causing the wing
to stall sooner in that area (figs. 40 anhd Ll). Opening

the outboard wing slat appears to reduce the stall on

the outboard panel considerably {(figs. L1 and L2). The
inboard slot does not seem to improve the stall charac- N
teristics (figs. u2-h5). Because of the difference in
scale, the amount of stall indicated at each angle may
differ from the full-scale airoplanz, but the progression
of the stall is probably correct. ’

The tuft pictures of the model with power-on dre
shown in figures L7 thr017h 52. Tne effect of power
tends to nrevent that portion of tihe wing which is
immersed in the slipstream from stu111ng The wing
stall begins at the trailing edge of the.fold line and
spreads from there. Power retards the spread toward the
fuselage. Ovening the cowl flans tends to produce
unsteady flow at the wing-fuselage juncture, but has
little effect on the final stall (fig. L8). '

Figures 119, 50, and 51, show thé effect of opnening
the wing slots. Opening the outboard slots helbs}to
prevent the wing tipns from stalling Ilrﬁt. Ovening both
slots tends to keep a larger portion of the tips unstalled.
In general, the dunlex flaps were stalled at all angles
of attack. There was less ‘tendency for the duplex flaps
to bhe stalled, when the slots were closed. No noticeable
effect of retractlﬂé the landing gear was observed
(figs. 50 and 52) .

Swept-back outer panel.- The stall characteristics
with the swepnt-back outer nanel are presented in-
figures 53 through 57. The stall begins at the fold
line as 1t did for the original wing, however, as the
stall progresses the movement toward the tips is more
rapld than toward the root. This tip stall tendency is
greater for the swept-back outer pansls than for the.
original wing.  The gpplication of power tends to unstall
the root. The outboaﬂd slots are f&lPlV successful in
maintaining unstalled flow .at the tips in the landlng
configuration (figs. 55, 56). .In fact, the stall
characteristics may be further improved by extending the
slats to the fold line, since most of the stall appears
to be confined to the region between the fold line and
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\
the inboard end of the slot. In view of the' low test
Reynolds number, and the fact that the flaps could not
be observed very well, the flap stalls shown cannot be
considered very accurate. -

Rectangular outer panels.- The stall begins at the
trallwng edge at-the fold ‘line as for the other w1ngs .
(figs. 58 to 62). The main differsnce, however, 1s that
the stall does not travel out rapidly to the wing tips.
Even -when the slots are closed in tne landing configu-
ration, the wing tips remain relatively unstalled. Power
tends to unstall the root portion of the w1ng 838 was
true for the other wings. :

Rectangular wing.- Dhoto*rdpb% of- the stall were
taken for thls wing (fig. 05 to 67). The pictures show
that the power-off stalls occur first over .the center
panel (fig. 63). This condition is characteristic of
rectangular wings. In this case, however, center panel
stall is made even more pronounced by about 2° washout
in the outer panel. The application of power (fig. 6L)
tends to unstall the wing-fuselage  juncture area leaving
'the most intense stall just inboard of the fold line.

When flaps are defllected, one elde stalls before,

the other (fig. 65, a = 1%,6° ) ‘#ar the- same condition,
but with the tip slats onen, the asymmetric stall does
not occur until a = 16.6 and with lesg asymmetry.

(fig. 66).. This difference is unexplained at present
since 1t seems unlikely that the tip slat would have so
much effect on the center panel. With power on (fig. 67),
the stall is symmetrical with stalled arcas centering
about the fold line, The flaps are stalled or very
unsteady at all deflected conditions.

Pressure Distribution

Oil-cooler survey.- The results of a pressure-
distribution survey made in the vicinity of the o6il-
cooler flap location are presented in iigurc 68.  These
results are presented in the form of pressure contours
-at four angles of attack.
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CONCLUSIONS

Tﬁe Navy's minimum 1ongitudinal stability requirement
for this airplane can probably be met by using either:

1. The original wing and horizontal tall 2 in either
' the ralsed or normal position.

or

2. The original outer panel swept back in combination
with any horizcntal tail modification-
- tested.

There is proba013 insufficient elevator control
available to make a three-point landing if the original
horizontal tail is used. This is especially true if the
swept-back outer panels are incorporated into the final
airplane.

The effect of Handley-Page slots, opening the pilot's
canopy, or using upturned wing tips on-the longitudinal
stability is insignificant.

Tuft surveys .showed that wing plan form and sweep
have a pronounced effect on stalling charaeteristics.
Increasing the tip chord or sweeping the tips forward
improved stalling characteristics., Handley-Page tip
slots improved the stall characteristics of the wings
hav1ng poor stalling characteristkcs.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for: Aeronautics
Langley Field, Va., June 1, 194l
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TABLE I - TEST PROGRAM

NATIONAL AOVISORY

COMMITTLE FOR AERONAUTICS

‘Plg. Title : 8£ ., Ofy|  Power - B iy - Wing slots| Remarks Test
‘ \ (deg) | (deg) : i %L, 8 No-..
'15(a) |Effect of horisontal-f O Winamilling | 30 fTail-off | Closed - 61
: ' tail configuration | i i : i [ 5950+ | ; original tail 66
: , . i : . 190 . : 69 ck.
] X : i ' . 5910 Ooriginal tatl (171
§ ; [ 0°Lo~ rajsed. 2
(o) 5'm.1-orr ‘ T ol
: ) i : i . Horizontal 130
| ! : g 0014.0' . tatl 2 122
| i i - 6%0° Horizontal 1
: : ; ; B | 190! $ tall 2 1165
- S | - : _relsed :
)T T 50 25 | Tall-off ('1 elaaed) } '150
' ‘ - - i | ‘solor fo PR /loriginal tail [21%
: : : : 1 0°h0' i i 1 o 2
i : | - | 9°hor ¢} -Original tail |20
3 ( g g ] I OOhO' g . raised - iog
a)l ' ; i : | | Tail-off | . :
_( ) ! g : - 59L5¢ : ‘Horigontal lﬁh
j : j | 195t i | tall 2 11&2
_ | | ! ; ! 600 ! ‘Horfzontal tailfls
§ 4 : v v | 100 : . 2 raleed ‘151
16¢a)} . ! Take-off 30 [ Tall-off | Closed & | R 62
) X ]r C : ‘| 5028 M 'Original tail _Zga
' ‘ : [ 0955 ] . ¥
‘ : | -105% : : 223
‘ - ! [ | 5°10¢ original tail igz
. ] : 0040 | _raised
oy [ ; - | Tall-oZZ | - 62
i | i | 8 oL5+ * | : Horizontal (132
i d ] 1 o040+ : . tall 2 ;153
‘ 1 : ] 600! i Horizontal tail}lb
d N y | 190°¢ 2. ralsed 16%
16( c) |[Effect of horizontal 50 ‘Take-off - - 25 | Tall-off | /sy cloased}| =~ .. . . 283-B
.| tall configuration : T A T S ‘(8o open i
S . : - | | s5°0 s y ,Ortgznaz tail |a3lh
! i - L | 190! . 233
| [ -1930° 232
[ 5065 Ori inal tatl, | 276
i 1955+ ?led 275
i =100 radl
(a) : - ['Tallsoff "283-8
g N | 500° Hort:onul_ 279
i 2001 - tall 2 27
; - | -195¢ : 277
5900+ Horizontal tall} 282
L’ : i . 200! . 2, raised 281
) 3 } ) , =-1912° " : ¥
21(a) |Effect of Handley 50 Windmilling 23 [3OK Open 2
. Page alat econfigu- ; : : S 190+ : 31
ration - - 50351 Closed 21l
O° 0' ‘ X i 217
B 8y closed . 213
1 0040 | |89 open . 219
(8] j Tall-ofT { Opén b1
| o Closed : 222
i (sg_ oloud) )
' 8o open. 150
22(a) | 50 Take-off 5965 Open 231
: ‘ : 100" : ‘ 230
. - -1930+ | - - 229 ck.
: A 5,035' . Closed 21
L | 0°Lor o, AN | 2l
» : . | 5°0°" (lj_. 3 oaed) FLIN
S open
S . : Jf 190, %o oP 233
: : 4 i ;1030 232
22(bJ|Effect of Handley 50 Take-off - 23 | Talleoff | Open 57
f . Page slat configu- . : | i T . Closed : 221
| ration : (814 oclosed) | 283.8
! ' _ i 8, open
Vo




" PABLE I - Continued

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS .
PFlg. Title bey, 8g, Power .. | B 1, - Wing slots Remarks Teat
(deg) - - | (deg) . 8y, 8, No.
2, . |Bffect of propeller 0 3 5025+ Closed 22
blade angle 09551
-1061¢ 227
23 5001 .22
-] 190 22
4 ) -1020* 22
25(a) |Effect of swept-back |Windm11ling Tall-off Swept-back 32
wing . l 50351 outer panel 247
-2066 1 . . . 250
(o) 50 . all-off | /84 closed) 335
' . 500! 8o open 321
«2001? ) & 52&
(e} ] Take-oIT Tall-ofT | Closed 341
l 5035+ 348
-20551 249
()] To Tall-ofT | /8y closed 3z];
v l 500¢ sy open ) 322
' . : -290! ¥ 323
2o(a]) [EfTect ol rectangular 0 WindmiTIIng . Tall-off | Cloased Rectangular | Zgﬁ
outer wing panel l - 4950 outer wing .2
. -1012!¢ . panel 1 287
192 50 Tall-oXT | /8y closed . 307
J o0 (so open ’ £33
~1040°" i 21l
(e) 0 Take-off (A) "1 Tail-off | Closed 237-A
) 050 285-a
. i =19121 286-4
(4) Take-qff (B) Tail-oft 297~B
- Losor 285-B
. ¥ : F | -10121 , Y 284-p
(o) 50 Take-off (A)| 23- [Tall-off [ /sy closed) [Rectangular :308-A
: y 00 8o open /'| outer wing 312-A
-10401 panel 3134
r) TaRe-aIT (B) Tall=oIT 308-B
] 5001 312-B
. .A . -1040' v 212-B
29(a) |Bffect of rectangulax 0 WindmiITIng Tall-oIT | Closed Rectangular - ‘Sz; -
wing . Z°15', N wing = | 1 365
g I 057 . 362
1.-2015+ 1 366
(v) 50 ggé-off (-1 elosod) gg%
. ! 8, open
I L 2 2901 o ‘F 295
(c) [} Take-ofT Tall-off Closed 376
. | 95°15* .- 36l
.. 2951 363
-2016 1 ¥ 267
(q) 50 -|Tail-off | (a4 closed 390
5201 8, open _ 39
2001 ” 39},
) «2920° y 397
32(a) [Effect of opening Windmilling 5035¢ Canopy closed | 213
canopy 1057 : 1 el9
L 5901 Canopy open 23
. : 09551 t 236-A
32(b) Take-off 590 Canopy closed | 23},
‘ 100 - 233
500t Canopy open 23
Y 0959 ¢ : v 23
3% Effect of upturned Windmilling 0940 original tips | 219
_ wing tips v 09551 Y Upturned tips | 260-4
¥L(a) |Effect of skewing A 50 < |Windmilling {Tall-off | Open At = =145 T [ 5
flaps £y = 50, : (original) ;
¥ _ Qro =59 Y Lt y . Aﬂrni= 0.7 187
$E1b$ Effect of skewing ‘ 50 rﬁake-ofr 23 '|Tall-off | Open lfo 2 <1l.5 57
flape £y = 50,)f power . (originel) :
Rfo = 59 o = 0.7 188
y ¥ ‘
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A
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gap

Thrust Jine

feet
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Air s ream Mtat ons‘(/ aport) ritices
, Detail of static
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5tatlc tubes , o :
" to manometer

Station /0
(13.98" of# of Side view

L.E. of ori 9i/na/ NATIONAL ADVISORY

f/gure J-Location of static tubes For surveying
pressures over o/l cooler flap location
on Curtiss XBTC-2 model (}' scale).
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Figure 63.- Tuft study of é-scale model of Curtiss XBTC=-2
airplane with rectangular wing, éfi =0, éfo = (O; slats closed;

cowl flaps closed; L.G. up; windmilling.

Root incidence 1.5°
Break section incidence 1.5°
Tip incidence -0.4°



X212.2° C;= 139 Te<.62

Figure 64.- Tuft study of é—-scale model of Curtiss XBTC-2
airplane with rectangular wing; Gfi =0, éfo = 0; slats closed;

cowl flaps closed; L.G. up; take=-off power.

Root incidence 1.5°
Break section incidence 1.5°
Tip incidence -0.4°



Figure 65.- Tuft study of é-scale model of Curtiss XBTC-2

airplane with rectangular wing; Gfi = 500, afo = 500; slats

closed; cowl flaps open; L.G. up; windmilling.

Root incidence 1.5°
Break section incidence 1.50
Tip incidence -0.4°



xX= /6.6°

C.2 2.01

Figure 66.- Tuft study of 8l-sca1e model of Curtiss XBTC-2
airplane with rectangular wing; 6fi = 5001. 6¢ = 5005 slats
open; cowl flaps open; L.G. up; windmilling.

Root incidence 1.5°

Break section incidence 1.5°
Tip incidence -0.4°



Figure 67.-

Tuft study of %- scale model of Curtiss XBTC-2
airplane with rectangular wing; éfi = 500, 6fo = 500; slats
open; cowl flaps open; L.G. up; take-off power.

Root incidence 1.5°

Break section incidence 1.5°
Tip incidence =-0.4°
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