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MR No. L6015
TESTS OF A 1/7-SCALE POWERED MODEL OF THE
KAISER TAILLESS AIRPLANE IN THE

LANGLEY FULL-SCALE TUNNEL

By G. W. Brewer and HLSESSRIcCEe
SUMMARY

A 1/7-scale powered model of the Kaiser tailless
airplane has been investigated in the Langley full-scale
tunnel in order to determine its general aerodynamic
characteristics and to estimate, from. these results, the
probable stability and control characteristics of the
airplane. . The results of the tests are presented in this
report. The estimated flying qualities of the Kaiser
tailless airplane, determined from the 1/7-scule test
mesults, are to be presented i1n & Separate report.

The maximum 1ift coefficient with the propellers
windnilling and controls neutral wasimeastured toheL 07 ;
thils value of ClLyax Is cdecreased to 0.9€ for the maximun

up-elevator deflection of 30°,° The wing stalls first
along the trailing edge and progresses forward along a
constant chord line enveloping the outer panels before
the center section is materially affected. The profile
drag coefficient, with propellers removed, is estimated
to be 0.0130 with the model at approximately the zero-
1ift attitude.

The pitching-moment results indicate that, for the
center-of-gravity location of 20 percent of th» mean
aerodynamic chord, the model is statically stable longl-
tudinally for all power conditions except for windmilling-
propeller operation at high angles of attack.
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The yawing-moment test results show that the rudder
effectiveness and directional stability parameters are
lower for this tailless airplane than for most conven-
tional designs,

For aileron deflections above 12° the effectiveness
pvarameter is lower than that for the smaller cdeflections.
The combined effectd of aileron and wing stall at the high
angles of attack produce a serious .lass in alleron effec~
tiveness., o

INTRODUCTIOLN

An investigation of a 1/7-scale nowerad model of the
Kalser tailless alrplane has been conducted 11 the Langley
full=-scale tunnel at the request of the DBureau of Aeronautics,
Navy Department., Previous tests made of a 1/60-scale model
in the Langley free-flight tunnel indicated satlsfactory
stabllity and control characteristics. It was considered
desirable, however, to determine the aerodynamic charac=
teristics of the design with special reference to stabllity
and control at a larger scale and to estimate from these
data the flying qualitles of the dirplane.

This report presents the results of the tests showing
the aerodynamic characteristics of the model for a wide
range of vnropeller-~operating conditions.s The effects of
elevator, rudder, and alleron deflection on the model
forces and moments and on the control-surface hinge
moments were obtained with angle of attaclz, angle of
vaw, and Hower condition being the important variable
parameters., . Additional tests included an investigation of
the »rogression of the stall over the wing as well as the
determination of the wing pnrofile drag by means of walke
arofile surveys.
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MR No. L6C13 3
COEFFICIENTS AND SYMBOLS

The test data are presentec as standard NACA coef-
ficients of forces and moments. All data are referred
.to the stability axes which are defined as a system of
axes having their origin at the center of gravity. The
7 axis is in the plane of symmetry and perpendicular to
the relative wind, the X axis is in the plane of symmetry
and perpendicular to the Z axis, and the Y axls is perpen-
dicular to the plane of symmetry. The positive direction
of forces and moments and control-surface deflections are
ghown in the sketch of fligune il ‘

Cy, 1ift coefficient . (Lift/gS)

Cx longitudinal-force coefficient (X/qS)

Cy lateral-force coefficient (¥/q8)

Cy rolling-moment coefficient (L/qSb)

% yawing-moment coefficient (N/qaSb)

O, pitching-moment coefficient (1/qSc)

Chy aileron hinge-moment coefficient (Ha/qbagaa)
Che elevator hinge-moment coefficient (He/qbegez)
Chy, rudder hinge-moment cosfficlent (Hp/qbptp?)
Cdp section profile-drag coefficient

A effective-thrust coefficient (Te/as)

V/nD propeller sdvance-diameter ratio

dCy o

e rate of change of rolling-wmoment coefficient with
dda aileron deflection

dChg

? rate of change of aileron hinge-moment coefficlient
Oa with aileron deflection

BT e R
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tehing-moment coefficient

rate of change of pi
rodefilsetlieon

with elevato

rate of change of elevator hinge-moment coeffi-
cillent with elevateor deflection

rate of change of yawing-moment coefficient with
rudder deflection

rate of change of lateral-force coefficient with
rudder deflection

rate of change of rudder hinge-moment coefficlent
with rudder deflection

rate of change of yawing-moment ccefficient with
angle of yaw

rate of change of rclling-moment coefficient with

rate of change of lateral-force coefficient with

e
t=h
(S5

i

force along axes (where Z = -11
(=)

moment about axes

aileron hinge moment
elevator hinge moment

rudder hinge moment

-t

L]
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Te

] éileronispan (12}86 £t)

slevator span (6.88 ft)

effective thrust of all propéllérs (X - XO>
(subscript o refers to propellisrs removed)

dYnamic pressure (%—'pva>
' _wing area - (161.6 8q £t) :
: 'wing épan (Lag.dp - 6 e

mean aerodynamic chord {349 £E)

. rudder span (2.99. ft)

¢

rbot—ﬁéén¥équare'aileronfchord (063 £1).

roof;meanésquare elevatorfchord PG ST B

réotfmeén—square rudder chord’ (0.432 ft)i

free-stream velocity
'_3airplane welght

mass density of air

.propellérirotaﬁiqnal_speedA:

 ‘propeller diameter’ (2.167 ft)

angle of attack of ‘the thrust axis, degrees,
‘relative to the free-stream direction

angle of yaw, degrees

aileron deflection, degrees .

elevator deflection, degrees

rudder deflection, degrees: .
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DESCRIPTION OF AIRPIANE AND MODEL

The Kaiser tailless airplane is a projected all-wing
type cargo-carrying airplane, This airplane will have a
Span of 290 feet, a wing area of 7920 square feet, and a
design gross weight of 175,000 pounds. It is to be
powered with four engines of tractor installation driving
15-foot~diameter four-blade propellers, The important
physical and dimensional characteristics of the airplane
based on model design are presented in table I. The design
of the airplane provides for distribution of .the cargo
spanwise In the wing along the 20-percent chord line, thus
fixing the center of gravity approximately at this location
for all flight conditions.

The 1/7=scale model of the Kaiser tailless airplane,
as tested in the Langley full-scale tunnel, is shown in
the photographs of figure 2, A three-view drawing of the
model is given in figure 3., The model, which was supplied
by Kaiser Cargo, Inc., is of all-wood construction. The
wing and control surfaces were painted and sanded to
remcve as many of the contour irregularities as possible
prior to the tests. The wing consists of two highly
tapered outer panels attached to a constant chord,

0.21 span, center section, The airfoil sections are
modified NACA 6-series type with the rear 15 percent of
the trailing edge reflexed upward along the entire span.
A drawing of a typical wing cross section is shown in
figure L.,

The control surfaces are constructed of solid mehogany
and include a constant-percent-chord aileron on the left
outer panel, a constant-chord elevator at the center
section, and four vertical surfaces each located on a
nacelle center line with the rudder hinge line located
slightly behind the elevator treiling edge, The location
of the four vertical surfaces required that the elevator
flap be divided into five separate sections; these sec-
tions, however, were operated in unison. The blunt~-nose
plain-flap type control surfaces were not sealed. The
control surfaces were not equipped with trimming tabs.
The general arrangement of the control surfaces are shown
by the three-view drawing of figure 3 and sectional views
of the surfaces are given in figure 5. The control
linkages projected outside the skin line on the model,
and in order to minimize the drag of these protuberances,
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they were covered by streamline fairings. Photographs
of the fairings on the model are given in figures 6 and 7.

The model was powered by four 56~horsepower, three-
phase induction motors which were located within the wing
at the center section. Power to the four-blade model
propellers of right-~hand rotation was transmitted from
these motors by direct drive through extension shafts,
The model was not equipped with landing gear and the
nacelles had no cowl flaps or internal ducting.

METHODS AND TESTS

The 1/7-scale model of the Kaiser tailless airplane
is shown mounted for tests on the Langley full-scale
tunnel balance in figure 2, The model was supported by
the two main front struts and by two rear cables in
tension which were the means for changing the angle of
attack of the model., The full=-scale tunnel and balance
equipment used for the tests are described in reference 1,

To simulate the flight thrust-1ift relationship in
the wind tunnel, a thrust calibration of the model pro-
pellers was made at a tunnel airspeed of about 60 miles
per hour with the model at the zero=lift attitude and
with all controls neutral, The propeller blade angle was
maintained at constant setting of 17° at the 0,75 radius,
The effective thrust coefficient Te! for the model pro-
pellers was obtained from the difference between the
propellers~operating and the propellers-removed drag
goeffioclenta, he flight thrust-1ift and torque-lift curves
for a single propeller and for constant power operation at
sea level are presented in figure 8. The thrust-lift
variation was duplicated exactly by the use of the model
propeller blade angle of 17°, but the torgue-1ift variation
was not in close agreement.

The tests of the 1/7-scale model consisted primarily
of elevator-, rudder-, and aileron~effectiveness tests at
Zzero yaw, Rudder and aileron tests were also made with
the model yawed to angles of approximately 30, %60, +10°,
and 150, Elevator, rudder, and aileron hinge moments were
obtained at zero yaw but only rudder hinge moments were
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obtained for tests With the model yawed. In addition,
tests were made to determine the 1lift, drag, and stalling
characteristics of the model...

In order to facilitate the presentation of the test
conditions and model configurations, the information
concerning the several investigations is outlined in some
detail in table II. The specific information not given
in this table is included in the following discussion.

The stalling characteristics of the mocdel were
obtained by visual observation and photographilc record
of the behaviour of wool tufts attached to the upper skin
surfaces and to vertical masts dispersed at several dif-
ferent chordéwise stations along tine span.

The wing and section profile-drag coefficlents were
obtairied by measuring the wing wake at a distance of Gdhe
behind the trailing edge at nunmierous staticns along the
span. The methods of analyzing the results of pressure
surveys to obtain profile-drag coefficients are presented
in'reference 2. :

Tnasmuch as elevator deflection caused appreciable
changes in 1ift &t a given angle of attack, 1t was noet
feasible to run constant power elevator tgsts. The
proveller-operating elevator tests were made, thenrePore,
by the constant-thrust method in which several values
of Tg!' are malntained constant over the range of ele-
vator deflections tested at a.given angle of attack. A
sufficient number of thrust coefficients were used to
bracket the constant power thrust-1lift curves given in
figure 8, ' : iRl

The rudder tests were made for the propellers-
windnilling, the normal-rated, ‘the military-rated, and
the asymmetric power conditions. Tests with asymmetric
power consisted of three-engine operation at normal-power
with the right outboard propeller windmilling. -Since Ehe
effect of rudder deflection on the 1lift of the mocel was
negligible and since the 1lift coefficient at a given -angle
of attack did not vary appreciably with angle of yaw, the
constant power T,!' versus Cp curves used for zero yaw
were employed for all rudder tests throughout the range
of yaw angles tested.

Tt was assumed that the propeller slipstream did not
affect the air flow in the region of the aileron. At

‘)
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zero angle of yaw the alleron tests were made with pro-
pellers removed, whereas for tests with the model yawed,
the propellers were windmilling.

The elevator-, rudder-, and aileron-effectiveness
and hinge-moment tests and most of the maximun 1ift tests
were made at a tunnel airspeed of about 61 miles per hour,
corresponding to a Reynolds number at standard conditions
of about 2,230,000 based on the mean aerod dynamic chord.

PRESENTATION OF RESULTS

The data are presented for the most part as variations
of force, moment, and hinge-moment coefficients with
control-surface deflection for g range of angle of attack
at a given angle of yaw. 1In some instances, cross plots
of the test results are given to show specific trends of
the data with reference to the stability and control char-
acteristics of the model. Tabulation of the values of
force coefficients and the slopes of the force and moment
coefficient curves are included for convenient summariza-
tion of the data. The results are included in the fol-
lowing sections: (1) lift, stall, and drag, (2) elevator
effectiveness and hinge moments, (3) rudder effectiveness
and hinge moments, (L) aileron effectiveness and hinge
moments, and (5) aerodynamic characteristics in yaw,

All data presented in the report have been corrected
for tares and for wind-tunnel blocking and jet-boundary
effects by the methods presented in references 3 and L.
The pitching moments are based on the mean aerodynamic
chord and all moments are computed about & center of
gravity located at 20 percent of the mean aerodynamic
chord and on the thrust line.

Lift, Stall, and Drag

. Lift.~ The aerodynamic characteristics of the model
with propelle;s windmilling are given in Plalre 9 for
elevator deflections of 10°, 09, -159, and -30°. The
effects of propeller ovneration, Reynolds number, and angle
of yaw on the aerodynamic characteristics of the model
wlith all controls neutral are shown in figures 10, 11,
and 12, respectively. For most of the conditions gilven
above, values of the maximum 1ift coefficient and the




10 MR No. L6C13 x

slope of the 1lift curves are summarized in table IIT. .
The 1ift curve slopes were measured at 1ift coefficients

of 0.2 and 0.6 which correspond to aporoximately high

speed and crulsing 1lift coefficients, respectively.

The maximum 1ift coefficlent, controls neutral, with
propellers windmilling 'is abput 1.07. Por maxinmum up-
elevator deflection (8¢ = -30°) the maximum 1ift coef-
ficient is decreased to approximately 0.98. The results
of figure 9 show fairly large changes in 1lift resulting
from deflection of the elevator of this tailless airplane
design, Although the following condition is not a trim
condition for high power at high' 1ift, it is shown that
for the normal-rated power condition Clypax L1° lneredsed

o abeuG il 200

The slopes of the 1lift curve, for the propellers-
windmilling and controls-neutral condition, are approxi-
mately 0.08l. and 0.079 per degree for 1ift coefficients
of 0.2 and O.é,respectively. With the elevators deflected
up 3%0° these values are changed to approximately 0.087
and 0,07%, respectively.  The combined effects of the r
normal force of the inclined propellers and the increase
in 1ift resulting from the additional velocity over the
center section of the wing produces an increase in the slope Y
of the 1ift curve tc about 0.097 at "Cr, = 0.2-and 0.098
at Cr, = 0.6 for propeller operation at normal rated
power,

For the range of alrspeeds tested, the scale effect
ori the 1lift of the model is negligible for 1ift coeffi=~
cients below 0.5. At 1ift coefficlents greater thanm this,
however, there 1s shown some increase in 1lift with
increased Reynolds number,; at :least to 2,560,000 which
corresponds to the test alrspeed of 70 miles per hour,

The effects on 1ift of yawing the model are not large for
the yaw angle range tested except that, for an angle of
yvaw of lS.ﬂO, there is shown an increase 1n the slope of
Ehelil i@ curve w2 tihiteih S iRt ecee iieilcmb i

Stall.~- The results of tuft tests made to determine
the progression of wing stall are shown by theé sketches

of tuft studies in figure 135 and by the photographs in -
figure 1ll,. The first departure from smooth stream flow .
over the wing is shown by the nronounced inflow which

ocours along the trailing edge of the outer panels at an v

angle of attack of about 90 (Cp = 0.7). With increased
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angle of attack this inflow becomes more severe and dis-

turbed with separation occurring at an angle of attack of
about 13°. ‘At this attitude, the. aftmost vertical mast

located about midspan at 0.75c showed. very turbulent air-
flow extending in"depth to about 5 inches above the wing

Slaitsieliiiner, »

The wing stall progressed forward approximately along
a8 constant chord line of the outer pangils: as the angle of
attack was further increased and, when the outer panels
were stalled (o = 19.59),° the flow at the wing center
section was relatively undisturbed.  ‘The réstrictlon of
the pattern of flow breakdown primarily to the outer
panels is attributed to higher velsecity air flow in the
region of the vertical surfaces and to the restriction
of the inflow from the outer panels by the two outer
vertical surfaces. Propeller -operation at high thrust
coefficients had little effect on the stalling character-
i1stics of the outboard panels,: but thHe slipstream did
retard the tendency for trailing-edge separation at the
center section at high angles of-attack. The force. test
results of a maximum 1ift investigation (fig. 15) shows
nearly a constant value of maximum 1ift coefficient over
a range of angle of attack and then a gradual loss in
1ift at the angles of attack past Cr, . x-

Profile drag.- The results .of -the ‘wake-survey
measurements made to obtain an estimate of the model
profile-drag coefficient are presented in figure 16 as
the variation of the product. of the section-drag coeffi-
cient and section chord cg,c with spanwise station.
Similar results are given in figure 17 for the survey
made behind one. vertical surface., Several local increases
I - cdy along the wing span are shown:to be produced by

the wakes from the fairings used to cover the control-
surface push rods and hinge brackets. 'There.is also
evidence of interference and a drag increase at the base

of the vertical surface caused by the control fairing

(fig. 17). The total profile-drag cgoefficient of the
model, with propellers removed, a8 obtained by the momentum
method is estimated to be about 0.0130. The complete
influence of the nacelles on the gir Iflow 4t the center
section and other local disturbances are believed not te

be Included in this estimate.. : '
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Elevator Eff ectlveness and Hinge Moments

The results of tests made to determine the effective-
ness of the elevator and the elevator hinge moments with
the propellers windmilling and operating df various thrust
conditions are shown in figures 18 through 21. These data
are presented as variations of Cr, .CX, Cm, and Che
with elevator deflection for several thrust coefficients
at a given angle of attack. The values of the rate of
change of pitching-moment and elevator hinge- -moment coef-
ficients with elevator deflection dCp/d6e and dChe/dde,

and elevator hinge-moment coefficient with angle of
attack, dChe/da measured at 8¢ = 0, are given in
table TV for the windmilling propeller and for the normal-
and military-rated power conditions. With the propellers
Wlﬂlelllnb, JCm/dée is about -0.0025 per degree in the
angle-of-attdack range from 2.4° to 8,8°.
The reduction of the effectiveness parameter

© ~0,0016 at higher angles of attaclk is due meinly to
Qenalatlon Qver the region of the elevator. The elevator
effectiveness 1s materlally 1ncreased for ‘the high power
conditions.: With military-rated power, dCp/dbe

1s -0.003L at a = 2.L° and -0.0060 at a = 12.7°.

Similar effects of propeller operation are shown for
the hinge-moment parameter, dChe/dée, which increases
from about <0.0067 to -0.0105 per: degree at o = 2,4° and
from about -0.0070 to -0.0200 at -a = 16.5° as a result
of ‘changing from windmilling nropellers to military-rated
NOWer.

With the propellers windmilling, Che/da is negative
for all: angles of attack and cacreases frqm ~0.003%2 per
degree at a = 2.4° to -0.0025 st a = 16.5°. EKowever,

for propeller operation at normal—rabeo power there is a

marked change in the variation of ““u@/da as thie angle

of attack is increased. The hinge-moment parameter 1s
about -0.00L0 per degree at a = 2,42, 0.0060 at a = 6.0°,
and zerc- &t - a = 16.5°%. ;jThe .values far le*tary rated
power are similar to the normal-rated power condition and
show the same variation with angle of attack.

The test data have been cross-plotted in figures 22
and 2% to show the variation of Cp with O, elevator
fixed and free, for the windmilling propeller and for the

.
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constant normal- and military-rated power conditions. The
gtatic longltudinal stability of the:model, elevatery fixed,
as measured by the slope of the pitching-moment curve,
dCm/dC1, - (fig. 22), is not materially affected by propeller
operation at the lower 1lift coefificients. [The average
slope:6f the pltehing-moment curye, sior el e _between
1ift coefficients of about 0.2 and 0.8 is aporoximately -0.1
for all power conditions. There 1s a noticeable lnereass
in the static longitudinal stability dve to propeller
operation at the higher 1ift coefficients that probably
results from the improved flow conditions at the wing
center section. Elevator-free statie longltudinal sta-
bility is shown by the stable slopée of the pltching-moment
curves for Che = O 1n figure 235. The reduced 8lope of
the curve for the windmilling-propeller condition at the
higher 1ift coefficients indicates a cdecrease in the
stick-free stability at low flight speeds.

Rudder Effectiveness and Hinge Moments

The effecets of rudder deflectlon at zero yaw on the
aerodynam$c characteristics of the model and on the rudder
hinge moments are presented in figures 2ly and 25 for the
four: power condltions listed in Gaple I1. ‘HoRSBURPASES
of comparison, these cata are summarized in table V by
the slopes of the yawing-moment, lateral-force, and hinge-
moment coefficient curves measured at &p = 02. The
results of the rudder tests mads et angles of yaw of 39,
t6°, +10°, and 15° were found to give no appreciable
variations in effectiveness from the zero-yaw data,

Curves showing these test results therefore have not been
presented: however, summary curves showing the variations
of 'dCp/ddy, d4Cy/ddr, and dCh,/ddpy with angle of yaw
are presented in figure 26 and the values of Cn, Cvy,
and Chy measured at &p = 0° are given in table VI.

It is shown that the effectiveness of the rudder
(dCpn/ddy) is lower for this tailless airplane than nor-
mally found for a conventional design, tut the side-force
variation (dCy/dsr) is shown to be normal. The
rudder parameters -are increased, as expected, by pro-
peller operation. For the condition with wind-
milling propellers = dCn/d6r is -0.0002L, dCy/d6p
is 0.0025, and dChy/dsy is =0.0050, per degree
at a = [.,20 and these values are not materially changed
throughout the angle-of-attack range. 1In comparison, for
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the normal-rated power condition, dCp/é5r is -0.0003%0,
aCy/dér 'is 0.0031, and dCh,/ddr 1is -0.005L per degree

at a = [;.2° ‘and these values increase to -0,000L3,
0.0042, and -0.0089, resvectively, at an angle of attack
ol u2] L The results of figure 26 show 1in general

Eelliel Jvelj small changes throughout the range of yaw
angles tested of these values glven for zero yaw.

s
i

Aileron Effectiveness and Hinge Moments

The results of the alleron effectiveness and hlﬂTe—
moment tests made for a range of arigle of attack from 2. 1,0
to 16.4° with the model at zero yaw are presented in
figure 27. The data obtained at nngles of yaw of about *4°,
+100, and 159 for angles of attack of 2.49, 6.19, and 12.6°
are given in figure 28. 'The slopes of .the rolliné—moment
and hinge-moment coefficient curves, for &gy = Qe ane
presented in table VII.. There is an increment of rolling-
moment coefficient shown in the curves of figure 27 for
zero aileron deflection with the model at zero yaw.
ITnasmuch as the model is consldered a symmetrical con-
figuration with the propellers removed, the increment in
rolling-moment coefficient is believed caused by unsym-
metrical tunnel air flow along the span of the wing, &and
perhaps by some dissymnetry in thie model itself.

The aileron effectiveness, dCy/dbar, for a single
aileron, measuvred at bBgr ¥ BL - 1s.ebont 0.0021 lped

gbout 0.0Q15 at
»tiveness with

Qegree dt a = 2t
2. 363194 The Te

i

1ncrea81n5 angle of atta y associated with
the wing trailing-edge s din aniearlienr Sec-
tlen b thills reoor+ 1t £ for aileronideflecs
tiong dboye 12" she sfife ameter 1s nearly :

one-half that fﬂr small eéctions in the low
angle-of-attack range. dCy/dbay for
deflections greater than 12° is continuously decreased

as the angles of attack are increased, such that dCiy/ddar,

18 ‘redused tol O eb & =i 12,600 and fhe: negative
value at greater angles of attack. This re B8 Ain

control efflectiveness oseurring ‘at
deflections is attributed to the comﬂ
C(ntr0¢ surface stall and tralling-ec
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The value of dCh,/dbar at an a of 2.L° is about
-0.0100 per degree and decreases to about 0.3059 at an
angle of attack of 16.4°. The effect of yawing the model
to an angle of 15.4° is to reduce dCi1/dda by “approxi-
mately 0.0003. ' '

The yawing-moment coefficlent resulting from aileron
deflection is 1n general small for this tallless airplane:
except for the maximum deflection of the ailerons at - high
angles of attack.

Aerodynamic Characteristics in Yaw

For the determinatlion of the characteristics of the
model in yaw, the results of the rudder tests have been
cross-plotted against angle of yaw for rudder-fixed and
rudder-free conditions. The variations of Cn, Cy,' and
C; with angle of yaw, wmeasured for &pr = 09, are presented
in figure 29 for all propeller-operating concditions.

Similar data, measured at Chp = 0, are given in figure 30
The variation of 1ift coefficient with angle of yaw is
shown for all condltions tested in:figure %21. A Summary

showing the slopes of the yawing-moment, rolll ng-omen %,
and lateral-force coefficlent curves, measured at- o= OO,
is presented in table VIII. The rudder-free character- -
istics are not summarized in table VIII, but zre essen-
tially the same as the rudder-fixed results.

The directional stability parameter dCp/cy is
approximately -0.000L5 per degree for the concitions
tested which is about one-half the value generally desired
for satisfactory directional stability characteristics
(reference 5). There is, in generaly 1ittle effect ol
propéeller overation on the directional stabllity parameter
except for the asymmetric power condition where there is
a greater increase in dCp/dy with increased thrust

.coefficient. The dihedral effect is shown to be low in

comparison with conventional alrplane designs; the value
of  dC3/dy, per degree, ranges from O to .apbout 0.00032
for the gngles: of attack and power conditions tested.

The effective dihedral angle, for most condltions, 18
estimated to bée about 1°. The lateral force parameter,
dCy/dy, per degree, is positive for all conditions tested
and has 'values ran ging from about 0. OOLD for windmilling
propellers at a« = 6.1° to about 0.0067 for normal-rated
power at a = 10.60.
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A comparison of the yawing-moment coefficient curves A
of the normal-rated and the asymmetric power .conditions.
in figure 29(b) and 29(d) shows that the reduction in
power of the right outboard engine causes a considerable
reduction in the negative yawing moment. The configuration
of asymmetric power having the left outboard propeller
windmilling and the remaining engineés running at full .
power was not tested, but computations show that this type
of propeller operation would produce about an equal amount
of yawing moment in the opposite direction and therefore
would be the most critical condition to trim directionally,
especially at the low flight speeds.

SUMMARY OF RESULTS

The following results are summarized from the
Langley full-scale tunnel tests of the 1/7-scale powered
model of the Kailser tailless s8irplane.

1. The maximum 1lift coefficient with propellers wind-
milling and controls neutyralids. about 1.07. -This value
A e decreased to 0.98 for the maximum up-elevator

deflection of 30°,

2, Wing stall occurs first at the trailing edge of
the outer panels and progresses forward approximately
along a constant chord line. At an angle of attack a
of 19.5° the outer panels are nearly completely stalled;
the flow at the center section of the wing, however, 1s
relatively undisturbed at this angle.

3. The profile-drag coefficient of the model (pro-
pellers removed) as determined by the wake-survey momentum
method, is estimated to be approximately 0.01%0.

li. The elevator effectiveness, propellers windmilling,
is essentially a constant value of -0.0025, per degree,
at low and moderate angles of attack. At .an angle of
attack of 16.1° the elevator effectiveness 1s reduced-
to -0.0016. The effects of propeller operaticn at high
thrust coefficients materially increases dlpy/dde to
about -0.0060 at a = 12.L°. Similar effects of propeller
operation are shown for the elevator-hinge-moment para-
meter, GChe/dde, Wwhich ranges from about -0.0067 (pro-
pellers windmilling at a = 2.4°) to about -0.0200 |
(military-rated power at a = 16.5°). The rate of change .




i

MR Ho. L6C13 17

of elevator hinge-moment coefficient with angle of attack
(with propellers windmilling) is essentially a constant
negative value averaging about -0.0028 over the range of
angle of attack. A marked change in this relation 1s
caused by high power operation, such that dche/da changes
from -0.00L0 at a = 2.4° to 0.0060 at .a = 6.0° and to
feout 'O at ' a = 156.59.

5. The pitching-moment results show that (for a center
of gravity located at 20 percent of the mean aerodynamic
chord) the model 1s statically stable longitudinally,
controls fixed and free except at very high angles of

. abtack with windmilling propellers.

6. The -rudder effectivenegss. dCn/ddpr for this tail-
less airplane is lower than normally found for a conven-
tional design. The value for dCp/ddy  1s about -0.0002l

'per degree'throuéhout'theAangle—of-attack'range with pro-

pellers windmilling.  Thé effect of propeller operation

at high thrust coefflicients is to nearly double the rudder

effectiveness narameter to a value pf.qQ.OOOAB at an a

of 12.1°. The value for the rudder-hinge~moment parameter
dCnp/dér ranged from about ~0.0050 to..-0,0089 per degree
for the range of propeller operation tested.

7. .The aileron effectiveéness dc1/d6a measured for

'‘a single aileron-in the low-deflection range, is about

0.0021 per degree at ‘a = 2.0 and decreases to 0,0015
gt o = 16.4°. At low angles of aftack, alleron stall

‘materially reduces the control effectiveness ab deflec-

tions sbove about 12°. At high -angles of attack, and at
large aileron deflections the combined effects of aileron
stall and separation along the wing trailing edge produces
a reversal in the slope of the rolling-moment coefficient
curves. The aileron hinge moments also reflect the
undesirable flow characteristics over the ailerons for
large aileron deflections at high angles of attack.

8. The aerodynamic characteristics of the model in

yaw show that the average values of the directional sta-
dac

bility parameter —7? £ 0,00045, for the large rangs of
d

angle of attack and power conditions tested, are comparas-

tively lower than those for conventional airplane designs.

The dihedral effect is small and corresponds approximately

to an angle of 1° for most conditions investigated. The
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lateral-force varameter dCy/dy has & positive value for
all conditicens - teated. ;

Langley Memorial Aeronautical Laboratory
-National Advisory Committee for Aeronautlcs
Langley Field, Va.
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TABLE I
PHYSTCAL AND DIMENSIONAL CHARACTERISTICS OF THE
KAISER TAILLESS AIRPLANE BASED ON THE

1/7-SCALE MODEL

Begign gross welght, pounds . o & EREE LTI BonaE 000
Wings
Bred, square Peet . . . .0 S EEEE IREERCRICRRTI R )
o, fleelt. '« v & o s o G R ey e K B 200
Mean aerodynamlc choLg, feet 5 N e s R e GRS RO
Iocation aft of ot chord leading

adge’, Teob. . + . .« o s onic T EUEEE E R
Bipecht Patlo. ¢ o . o o g0 e LIS USRI
EHBer 18810 o o s o v e ' P TR R L )
Root section | modified with trailing . NAC A 65 L~-020
Tip section | edge reflexed upward. . NACA 65,3-018
Imhedral, outer pansl, degreess FIEN TR RN E I SN 1L
Wing. twist, degrees . . . .« = SCOEE o ST AN EE S i)
Sweepback of 20-vercent chord line, degrees . . .
Wing loading, pounds per square TOUE . U S o,

Aileron:
Aree aft of hinge line, ecach, SUNGEE ST NPT 2
fileron balance, percent. . L = il dOSEEREERCIREE
GDER, /Fedbe o v o« v o o w0 ol S N S
Root-mean~square chord, feet. . . . « « . +» « « « 3.24
Hinge line, percent of wing chotdhlll (d NSt St a5
Maximum - ‘def llection,. degrees i C e ST S SR )

Elevator:

Proar 26 of hinge line, sSqUuanesicoiTl ETEEEET N tEe, 193
Ellevator balance, percent o TN . : 2
Span, feet. . PRS-, Kigh, u& 2
Root-mean-square cnoro, feet. : ; & b : L

Himee, ldne , "percent wWing' Cho e i . 0
Maxwmuw deflectlons, degrees, "« HEE NIRRT SSREE I SO
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TABLE I
PHYSICAL AND DIMENSTONAL CHARACTERISTICS OF THE
KAISER TAILLESS AIRPLANE BASED ON THE
1/7-SCALE MODEL = Concluded

Vertical tail:
Tobal area, square 86t « o ¢ o @ « » & 0.5 s 8 » 820
Rudder area aft of hinge line, square feet,
total o o . v ¢ q o 9 &9 TeNEEES " @ 8 eNigiNEE E i IEN S 267
Rudder balance, percent « « ¢« o o ¢ ¢ o o o o o 1245
Vertical tail helght above wing trailing edge,

feet L . . L] ° . . L] . . L L] L] L] L] L L L] L ] 19 .82
Root-mean-square rudder chord, feet . « + o o o 5402
Hinge line, percent of £in chor@ .+ « » ¢ ¢« o s o o 70
Maximum deflectiOn, degrees o i@y ® ¢ 8. 9 % o & e iBO

Propeller:
Designation ¢ ¢ o o o o
Diemeter, feet o o« o o
Number of blades ., «
Propeller gear ratio .,

voie e A 167

SRBNE Uy L

Hamilton Standard 6491A-0

L] L] . L] =
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Table T
General Oulline of Tesls

L-531

elled 7€57 | o
o, Ress ol e airs, e Or Oa .
deg %eg@ma%n g deg deg | deg remarts
/ L/iffand Drag Voried > /0, 0 e P
Y g o |\wPR [0 o o o orce jesjs
WERCL LT awstal /550
/ Frops. | 44-6o0,
perrectof Tangan | v | v lemwedvied| © | v | ’
te
Z)%Cf 0[ y”w " /0) /5' MR 60 " n 73 ”
Varied Frops. Visual ond pholo-
2 // [AYA) @) " 0, " XZ&7) hre Vg~ ard 0,(’
Stall Test. 0~20 remored, ’*W/,i foird 2ol
ol Frops. Fressure meosyre-
3 " " " " Wl)f.} of #C W/ﬂ_9
Wake surveys g-a-ro emoved] 84 ronds ¢
o+ 775/21.5/' 627//5/07/‘10/7 " " iﬂ’;);r; 60 ,, - /%r‘_e /-85 ]‘5
Varre W R Konge force Teslts ond
5| Elevolor 7es’s |z i VZ:/":/ 4 fr:,:;o . v |Minge momen? f
! +/0 s s
0, *3 {onslonl? ﬁange’
| Rudder Jesls n AR roPREd |, o from " .
15 ,’rée,i/aff ¥50 —-39
0,26 Raonge Worce 1ol forall Y5
; , wi R p rom | Hinge momenlts Yor
7 /4//8/"0/7 /-85}3 : 2/0,/5] E I 2 10 > =30 ;{o ) O /5
¥ Conslan] power 1esls included:-0) windmillmg propellers (WR), 2) normo/ rafed -, &
militory rofed-, and #) asymmelric power conds7ioms.
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Table IIr
Summary of G ond 2

FPropeller o dC. /oo
: (de
{NCRc 7700 gdeeg: QXZZ Qmox =02 | ¢ =og.)6
Fropellers
windm/illing | 10 O /.12 |0.064|0.064
" (0] “ | /08 | .084| .079
" "'/5 " /:0/ »06.5 075
. -30 " 0.98) .087} 098
" (%) 6.3 /O | 086 | .080
" " /.54 = 058 - 072
" n "6.4 /06 067 077
" " -10.6 | - /.05 084 | 080
Normal rofe
bower u o P 0971 .098
Mrlifary rafed
power g 2 e OST) 098
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TABLE IV

Cr

d
Summary of [d-ée ), dds , 0N

dC,

J 9]

%0

L=-531

dq,
%63 (per deg)

dq, '
/)% de goer a’eg)

dc%%q{ (per deg)

al

@\ pu | nrp | MrRP || Puc | NRe | mre | Aw | vee | Mer
2.4 |~0.0024 [-0.0033 [r0.0034|-0.0067 [0.0/03 FO.0/05 ||-0.0032 |-0.0040(-0.0035
3.3 | -.0025| -.0034| -.0035|| -.0064| -.0/07 | -.0/13 || -. 0032| -.0030| -.0035
42| -.0025| -.0036| -.0038|| -.0062 | -.0124 | -.0/30|| -.0030| .0025| .00/0
6.0| -.0027| -.0044| -.0045|| -.0059| -.0/140| -.0147|| ~0030| .0060| .0070
8.8 | -.0024| -.0047| -.004-9|| -.0064| -.0165| -0/75| -.0030| .00/0| .0025
[2.7| -.00/6 | -.0054| -.0060|| -0078| -.0/86 | -0200| -. 0025 2] 0025
/6.5| —.00/6 | ~.0052| -.0052&|| -o070|-.0190| -~0200| - 0025 o, o}

*PW.=Propellers windmilling, MRP= Norma/ rated power, MRP=Militory rafed power.
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TABLE &
4G i ]
Summary of [d-g’z, - 4 e

Ee ol ot | 9nsa6, |9 s 8. |dCh, G,
Condition deg | per a’eg, per o’egf pe/;«/a’egﬁ
Pfope//er 4.2 |~0.00024 | 0.0025 |-0.0050
Windmilling | 5.6 | -.00022| .0coz4 | -.0055
7.9 | 00080 .0028 | -.0055

/0.7 | -.0002/ L0023 | -.0060

/6.4 | -.0002/| .0020| -.0060
Norma/ 2.4 |~0.00027| 0. 0027 |-0.0045
faled FPower | 4.2 | -.o0030| 003/ | - 0054
IS./ | ~.0008| eSS | F.0060

7.8 | ~oo038| .0039| -.0072

12.94 | - 00043 0042 | -.0089

MiliTary 8.7 |~0.00039| 0.0039 |-0.0079
Lated Fower| 124 | - 00044 0044 | -. 0092
Asymm elric | 4.2 |~0.00028| 0.0027 |-0.0052
Foweéer c.0 | -.0o00%0| .0029| - 0057

| 125 | -.00033| 0034 | -.0070

NATIONAL ADVISORY
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TABLE VI

Summary of [G,, Cy,nd Cp 1,
,!

Power| ol WY=-106° W=-64° Y=33"
Condife
NED) Gy | & |G | G | G [ Gh | G | G | G,
PW 'l 6.1 |0.00400.048d0.0020l0.0022}0.0280-0.0020d-0.0017 | 0.0/%0|-0.0020
l 88 | .0043| -.0485| .0030| 0025|-.0300| O -.00/3| .0/20| =~.00%50
145 .0048| -.0475 .0050| .0027|-0330 O -.00/3| .0/00| —.0070
NRP | 241 .0032| -0485 o© O0IE| 0280 = -.000| .0/90| -.0080
S/ | .0030| —.0540d .0040] .00/2|-.0300 — -0026| .0197|-.0075
/0.6 .00265 -.0700 .0/50)=.0002| -.0475 — | —0045 .0//0(-.0/30
MRP| 6.9 .0032| -0650 .0050f .00/0|-.0390 — -.0035| .0200 -.007%5
[12.4) .0025]| —.0750| .0/130]| —.0003|-.0540| — -.0055| .0/20| -0/10
AR | 42 | .0043| —.0405| -.0070] .0023| -0290|-0070 | -~00/2| .0/190| -0090
l, 6.0 | .0050|-0525| ~0050| .0032| ~0480|~0030| ~00/4| .0190| 0120
12.5) .0058| —0700| .0030) .0042| -05301 .0020| -00/0| .0070| -.01/50

*Pw =Propellers windmilling ; N.R.R = Normal rofed power; MRP=Military rafed
power; A.R=Asymmelric power.
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TABLE ¥I -CoNCLUDED

FPower| oL W=6.3" = 10.6° Y=15.4°
Cond)ifian (deg) C, C, Ch, c C, Chr c C, Ch,
FW | 6.1 |70.0030|0.03/0 |-0.0/50 |-0.0043|0.0485|-0.0/70{-0.0070| 0.0760|-0.0300
l 88 | -.0030| .0260|-.0/120) -.0045| .0480| -.0/70| -.0063| .07/0| -~.0&90
[4.5 | —.0025| .0250| -.0/30}) -.0050| .0420 -.0/70| -.0073| .06/0| -.0260
NRP| 2.4 | -.0035| .0355|-.0/70) -.0048| .0575| -.02/0| -.0072| .0640|-.0270
1 5.1 | —.00¢0| .0370| ~.0/80) -.0052| .0560| -.0200| -.0085| .0960| -.0380
/0.6 | -.0063| .0370| -.0250) -.0074| .0580| -.0260] -.0095| ./080|-.0530
MRP | 6.9 | -.0045| .0365| -,0070| -.0065| .06/0 | ~-0200| -.0085| .0900 -.0500
12.4|-.0065| .0270|-.0/80| -.0085| .0580|-.0300|-.0/07| .0890|-.0650
AP | 42 | -.0023| .0335| -.0/30| -.0040| .0570| -.0220] — — | ~0826
1 6.0 | —.0025| .0340|-.0/20) -.0040| .0570| -.0200| -.0066| .0880 -.0370
125 -.0025| .02/5|-.0100| —0045 .0525| -.0190| ~.0074| .0855 -.0580
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TABLE VI

dc, des
Summary of | = gpd 9%
y [dJaL 0/ dd;ztjqu'O
[fFesults given for one a/leron]]
= F
Test . dC%?’é;‘ (per deg) 0);0{ da, |
Condition %] 0 [ 6.3 | 106 |/54 |-¢# |-106] o

/Ofa/&tf//cf/‘j 2.4 |0002/|00022|0.0020000/8|0.0022|0.00200- 0.0/ 00
removed af Y0\ 4.2 | .ooz2| — — = = — | - 0099
and 6./ |.0020| .002/| .0020 .00/6| .002/| .0020| - 0096
- /%/05//erj wyndl - | 8.9 |.00r7| - - — — — | -.008/
milling a7 Y=t¢| 12.6 | .oors| .o018| .cows| .oous| .0or8| 007 -.0065
210 ond /5° /6.4 | o0o/51 — — — o 5 -.00%9
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Summary 0/[ T ap°

TABLE Y1

dCe

MR No.

L6C13

d G
o
s

7est oL | dnsdy |G/ dY |7/ ay
50/70//'/‘/0/’7 (deg) | (per deg) 6476/"‘ deg) (per deg)
Pmpc// ers 6.1 |~oooo40|o.00022| © 0045
windmilling | 88 |-.00040| ooozz| 0045
4.5 | -.00042| 00030 .0046
Norma / /"0/(‘30/ 24 |-0.00040 0.00027| C.O0+9
/Oower 5./ | —ooo42, oo0/7| 0054
/06 | -ooo4s o032 0067
Mititary rofed| 6.9 |roooo43|aoooz7 | 0.0060
powe/“ /2.4 | —.00048| 00032 0064
A Symm efr/c 4.2 |~0.00035|0.000/5 | O. 0054
power 60 | —oo045| .co0O8| 0057
/2.5 | - 00052 O , 0062
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- Figure 1.- System of axes and control-surface hinge moments and
. deflections. Positive direction of forces, moments, and angles

are indicated by arrows.
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(a) Three-quarter front view.

%}—scale model of the Kaiser tailless airplane mounted for tests
in the Langley full-scale tunnel.
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Figure 3 - Three-view drawing of the 4-scale model of the Kaiser lailless airplane.
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Figure 4.- A typical cross-sectional view of the wing of the '-scale model of

the haiser Tailless a/'r/o/one. NACA 6-series airfoil with modified mean line.
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Figure .- Typicol cross-seclional views of the confrol surfaces

installed on the Y- scale model of the faiser railless
alrplane.
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ATOR CONTROL NACA

FAIRING | LMAL42963
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=

LMAL4 2964

Figure 6.- Rear view of the model showing the fairings
used to cover the elevator and rudder conturols.
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Figure 7.- Detail view of the wing showing the fairings
used to cover the aileron controls.
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Figure 9.- Effect of elevator deflection on the aerodynamic characteristics of the model.

approximately 61 mph.
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Figure 10.- Effect of propeller operation on the aerodynamic characteristics of the model.
Controls neutral.
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Figure 24.- Effect of rudder deflection on the aerodynamic characteristics
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(a) Propellers windmilling.

Figure 29.- Variation of Cns Cy, and C; with angle of yaw for varied power

conditions. 59, 0CMNETENG0 ESEENGOR
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Normal-rated power.

(b}

Figure 29.- Continued.
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{c) Military-rated power.

Figure 29.- Continued.
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(d) Asymmetric power.

Figure 29.- Concluded.
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(d) Asymmetric power.

Figure 30.- Concluded.
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