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An investigation of a 1/7-scale powered model of the Kaiser
Fleetwing all-wing dlrplane ’was made. In the TLangley full-scale
tunnel to provide data-for an eptimation:of the flying qualities
of the airplane, The amalysisg of the mtability and eonkrol charac-

- teristice of the sirplane haa been made as tlossly as possible in

accordance with the-regulremsnts of the Bureau of Asronautics,
Navy Department 's :gpecifications, and .2 summary of the more

T significant conclusiona is presante& as :E'oJ_'Lom.

w.ith the normal center of gravity located. ab 20 percent of

" the mean aerodynamic chord, the aivrplane will have adequate static

longitudinal etablility, elevator flxed, for all flight conditions
except for low-power operation at low speeds where the sbability
will be zbout neutral. There will not be sufficlent down-elsvator
d@eflection availlable for trim above speeds. of about 130 miles per
hour. It is probable that the reduction in the up-elevator deflec-
tlons required for trim will be mccompanied by reduced elevator
hinge moments for low-:power operation at low flight speea.s. -',

The static d.irectional sta'bility for this airplane will 'be :
low for all rudder-fixed or rudder-free flight conditions. The -
maximm rudder deflection of 30° will. trim cnly aboub 159 yair for
most flight conditions and ohly 10° yaw for thé co:ndition with low
power at 1ow speeda- o

P

Also, a'b low porwers and. 1owr speeds 1t is es‘bi:mated that the
rudders will not trim the total adiéirse yaw resulting from an abrupt
alleron roll using maximm aileron deflection. The elrplane will
meet the requirements for stability and control for asymmetric power
operation with one outbosrd engine inoperative. The elrplane would
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have no tendency for directional divergence but would probably be
spirally vnsteble, with rudders fixed. . ...,
The static lateral stability of the.airplane. will.probadly
be about neutral for the high-speed flight comditions and will be
only slightly increased for the low-power operation in low-speed.

flignt. The airplane will not.roll against the ailercns in & stde~ = -

slip meneuver.. ‘Although the airplans Would probably meet the minimum
requirements of pb/2V of 0.07 at. all speeds; there will be & ‘loss
in rolling ebility:of the airplene at high aileron deflections and at
low flight speeds. C e o

It is estimated that the wing gtall will be:a.gradual movement
forward from the trailing edge and will be accompanied by no sudden
Pitching or rolling accelerations. Same stall wexning may be
ingicated by reduction in the elevator end.aileron force gradients
and by the shsking of the controls caused by uneteady Fflow over the
surfaces neer the stall.
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At the reguest of ‘the. Bitrean Of Asronswtics,

tests have been made in the Langley full-scale tummel to determine K
the serodynemic characteristics of .a 1/7-scale powered modsl of the ' '
Kaiser all-wing alrplane. THe results of these tests are presented . .

in reference 1. Particular emphasis. was- glven to.the stability -

and control tests of the model' in order to provide the data Hecessary

for the evalwation of the flying qualitiés of this all~wing airplane -

design. The flying-qualitiés analysis presented in this report-is

baged on the Bureau of'Aerchautics, Navy Department’s specifications o
far stability and control cheracteristics of airplanes. (See réfer- .

ence 2.)

. e
e e

' . Besis for Aralysis

Inasmuch as this flying-qualities aﬁal&sisi-is-bésed_’bﬁ-thé

test results of a 1/7-scale model, sdme ofthe more significant % '

design features of the proposed airplene, not incorporatedidn the - -
model, are dlscussed briéfly. The mddel was not equipped with
landing gear, nacelle ducting, or cowl fleps. The control surfaces
ware unsealed and were not equipped with trimming devices. " With
these limitations,. the estimated 'stability &nd control charac- -
terlstics g8 premented, would not be duplicated exactly by thé < '-

full-scale airplane: .’ In 8ddition, the snalysis is somewhmt Limitéd | .
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in scope becduse of the absence of ground-board tests, the lack of
cahtrol-system linkage information, and because the power conditions
tested do not conform exactly +to the specified flight condltions in
reference 2. The general flight characteristics are presented,
however, and the analysis provides & basls for the design of this
type of ailrplane. As an aid - to rapid cross refersnce of the material,
reference to specific requirements is glven by the same system of
nomenclature used in the Buredtw of Aeronautlics, Navy Department 's
specifications. ,

A complete description of the model is presented in reference 1
bub, for convenience, a three-view drawing of the model is given
in figure 1 and the more significent geometric and.physical charac-
teristics of the ailrplane are presented in table I.. Photographs of
the model mounted for tests are given in Ffigure 2.

The relatlon between the flight effective’ thrust coeffliclient
(for a single propeller) and the 1ift coefficient mimulated in the
model tests is presented in figure 3 for sea-level operation. The
range of power conditions tested included operation with windmilling
bropelliers, normal-rated powey and military-rated power. A com-
barison of the flight torque coefficient for normal and military
rated power with that for the model propeller is alsec presented in

figure 3. _ .

The pitching, rolling, and yewing mcments are computed about
a center of gravity located at 20 percent mean aerodynemic chord
and on the airplane cembter line in the plemne of the thrust axes.
The data are referred to the stability axes which are defined as
a system of axes having thelr origln at the center of gravity. The
Z-axis is in the plene of symmetry and perpendicular to the relative
wind, the X-axis 1s in the plane of syrmetry and perpendicular +to
the Z-axls, and the Y-axis is perpendicular to the plsne of symetry.

COEFFICIENTS AND SYMBOLS

- G, 1ift coefficient (Lift/qS)
Cp Pitching-moment coefficient (Pitching moment/qSc)
c, yaving-moment coefficient (Yawing moment/qSb)
cz rolling-moment coefficient (Rolling moment/qSb) Y
Cy lateral-force coefficient (Lateral force/qs) A
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hinge-moment coefficlent (Hinge momen'b/q'b"c'a)
effective '!';hi'ust coeff‘icient- (7o /as)
propeller torque coefficient (Q/eVeD3)
helix sngle, radians

rate of change of hinge-moment coefficlent with angle of
attack

rate of change of hingé—'nio'&neht coefPicient with control-
surface deflection

rate of change of yawing-moment coefficlent with angle
of yaw '

rate of change of rolling-moment coefficlent with angle
of yaw

rate of change of lateral-farce coefficient with angle

of sideslip
effective thrust of one propeller
;brope],ler torque '
wing ares
mean aerodynamic chord
span
root-mean-square chord
dynamic pressure (%QVE)
mass density of alr
free-streem velocity
propellsr diameter
angular velocity in roll, radians per second
angular wvelocity in yaw; radians per second
tinie s secénd.s
oA

-
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o angle of attack of the thrust axls, degrees. relative
to the free-stream direction

¥ angle of yaw, degrees, posliive with left wing forward
B angle of sideslip, degrees (B = -V)
d angle of benk, degrees, positive with right wing lowered
8 control-gsurface deflection, degrees, posltive with
deflection downward or to the left
Subscriptai
a alleron
e éleva:hqr o
k r _. fudd.er | _
L i_eft )
B )

Rat:lq -of. rad.ius of' gyration to wing span.

o L;'I.‘K.x’/b 0.2

E&/h o n
K, /b 0.21
tiﬁff_f;;f;l3§§pgitg¢1na; Stebility and ggp#;ol_

_Cn. _
frtens o E .

D=l Mc iongtgg;y;l _s_tg'b;litz. The dynemic stability
charac'beristics ‘of-the airplane, wlth elevator free, sre not esti-
mated. ”oecausfe of lack of gulteble data. The short-period dynamic
oscilla'bion, with elavato.’c -fixed, has been computed; however, for
the windmilling propelle¥ candition by the methods employed in
reference 3. Tt 1s indiceted from this analysis that this oscil-
lation will probably be very heavily damped at all speeds because

SRR A
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an initial disturbence will be danped “to-- onerhalf its original d
amplitude in aboutb one-tenth of an oscilla.tion.

There 1s no requirement specifiad for -bhe long pericd of
phugoid oscillation involving changés in Hpeed, .bul.a brief analysis,
using procedures in reforence 3, indicated that for the comdition of
windmilling propellers” et Low speed ' (V¥ 100 mph). the motion would
be ocne of :increasing oscillation. The demping i pitch for this
all-wing airplane is’ 1w, Wwhich Yesults' in.a shaort.period of  the
phagoid oscillation (16 Bec) accompenying the-unstable motion.

The incressing oscillationas also occur for fligh‘a at high speed
(v =200 mph) but the period of oscillation is muck longsr, and
should not give any difficulty in the control of the airpléne.

D-2, Static longitudinel stability.-~ Tho stick:-fixed. neutral
vroint variations with 11ft coofficient for the mange of propelier

operation from propellers windmilling to military-rated power
are presented in figuwre 4. The neutral point lopgtion for normal-
rated power is about 35 percent mean aerodynamic chord over “the
speed range from 170 to 98 miles per howr (Cy, = 0.3 to 0.9) which
is 15 porcent mean serodynemic chord aft of the normal. center-of- ]
gravity position. There is a further rearwanrd mpvement of the -
neutral point to ebout 41l percent mean aerodynamic chord upon
applying military-ratef power at any speed. The most crltical ..
condition of static longitudinal stability will occur for low—
power operation at low speeds.’ For-this condition the ‘neutral point
moves forward rapidly as the speed is decreased so that &t a
speed near the landing speed the alrplans would be neutrally stable,
longitudinally. The cause for this unstable trend was found to be
directly relaeted to the ailr-flow phenomenon over.the wing.. (See
reference 1l.) Separation occurred at the wing tralling edge and
Progressed forward steadlly with increased 1ift coefficlenb.
Application of power, however, eliminated separation at the center
gectlion. e

All data cbtained .are representative of only the tab-neutrel
condition and for this reéason suffisient data are not available
for a conmplete determination of the control-free neutral polnts.
'An- Indicetlon of. the control-free static stabllity, however, is
given by the. varia.tion With speed.of pitching-moment-coefficient,
. foxr: Che =0, .in figure =13 A't the trim points showi, the stablo -

slopes of’ ’Ghe pi-tehing-moment curves indica-be 'bha;b for the normal
centér-of-gravity location of 20 yercen’c me#an aerodgnamic chord, K
‘the airplane iwill be.Iongitudinally stable, elevator froe, for

each -power condition investigabed. . _ o

EEPERN
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D-3. Elevator control power.- D-3.1 - The variations of
elevator deflection for trim with alrspeed (fig. 6) show that
the elevator, with maximm downward travel of 10°, is sufficilent
only to trim the airplane up to speeds of gbout 130 miles per hour.
The curves extending beyond this speed were obtained fram extra-
bolatlon of the test data of reference 1, by assuming thet for a
moderate range of dsflections beyond 10° that the effectiveness
of the elevator would be essentially unchanged. These results
indicate that revisions to the elevator design are necessary,
such as increasing the area or deflection range, in order to secure
adequate control throughout the sgpeed range. The trim curve for
the windmilling propeller condition shows a very sudden decrease
in the rate of up-elevator deflection &s the speeds dscrease below
100 miles.per hour. This decrease in the rate of elsvator deflec-
tlon reguired for trim. at low speeds 1 assoclated with the low
dogree of stetlc longitudinsl #tebility for this condition which

hag been discussed previousIy. .

- -13'73.-_2_-'-" B_y' tha_use of the ele%‘éfbbr cm:trola.lone,:l:‘bwinbe 3

possible tq develop the limit load . factor or the maximm 11if% -
coefficient at -any speed. . Computetions made for the most critical
condition, consisting of & pull-up to the maximm Yift-coefficient
from high speed, Indicate that an increment of about 15° of iip-

slovator deflection will be required to develcp the limit losd factar

of 2.67 at maximm 1ift.

The remaining requirements in this secticn relatinmg to the
lenfing and peke-off conditions are. not discussed because of the

absence of ground-board test data and lack of ipformation pertaining

. to the design of the airplans.

;o Dzl Elevatgr control forces.- The elevator hinge moments
assoclated with the trim elevator deflectlions.discussed in the

- Previous section are presented in figure 7. .Although stick forces

.are ‘no{ presented, the hinge moments glve an egtimdte. of the

bandling qualities end in addition will be gysefyl In the deter-
mination of a suitable control system. The airpléne will have a
stable stick-force variation with speed because fram a given trim
speed, push forces are required to increase the speed and pull
forces are required to reduce the speed. It is noted, however,
that the rate of change of hings moment wlth speod is large; and
the large mamonts developed for only moderate mpecd changes from
a trim point will require application of servo-control or a povwer-
boost system to produce control forces within acceptable limits.

The curve for the windmilling propeller comdition at low
speeds shows & considersble reduction in hinge moment as the apeed

74
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decreases below 100 miles per hour. This reduction in hinge
-moments, is.ageoclatbed- 'wifbh ‘he tralling-edge separation that occurs

'. .at .the- low spee&s wi'bh low powars.

Dk, l - The 'be?st ,resu.lts of reference 1 indicate that in

_' sfeady tuz'ning fligh'b “the changes in normal acceleration would be
.. .about prqportional o t,‘ne “change in stick force inasmuch as the

ourves of - pitching momen'b agalnst elevator deflection and curves
" of elevator hings moment for trim against elevator deflecticm are

" ell smooth and essentially straignt-line variations.

7}
¢

._-.‘
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Z Diraé’bional Stability and Control
. E-L Dynsnmic g;rec'b;,ggg; sta'b;l;j;_z -~ B=1.] =~ The dynami:
directional stability characteristics of the alrplane controls fixed
were estimated.by the’ methods given in reference 4 and the results
of the calculations showing the boundaries for spiral and directional
divergence are presented in figure 8. For illustration, two points
are shown on.the- figure whioh .are values of OCpy, and Oy obtained

friom the tost results of ‘bhe mo&el {(reference 1) for high-speed and
low-speed. flighjq -at .a low-coristant thrust condition. The region

‘in which there would be.nd: tandenc;r for either spirsl or directionzl
d.ivargehce ig’ small and. it ds'evident fram the relative location of
thé& values for the two.speed conditions investigated that with
respect to the boundaries, the airplane will most likely be splrally

. unstable, buk.will have.mo:bendency for directional divergence.

-The’ si)iral diver.gence ; howev‘er, will probably not introduce any
d.ifficulty in flight. Lo :

E-2. Static g;;gctional gtg’bilg;b;z.- E-2.L = The characteristica
of the alrplane in.e sideslip.are obtalned from a sumary of model
et rosults given in figure $. - The variatlons of rudder deflection
"oy trim, ‘and the _ruddey ‘hinge roments with angle of yaw indicate
~that-the airplane w11l poesess rudder-fixed static stability,
al‘bhough in scnne ocages the degiee of stapility is low. The
average values for 'bhﬁ stai:ic sta’bility parameter Cn~¢, were found

in reference 1 %o be. abou.’s -0 oooh per degres. For all angles of
a'btack and pover cond.it:,ons investigated, right rudder deflection
-Produtes. a-steady sideslip to the left, and vice versa. The

» rudder. deflections for trim are su'bstantiall;y porportionsl to the
angle of: eﬁeady sid.eslip for all conditions. The proportionality
Of. the trim rud.d.er deflection with sideslip, hovwever, is aboubt one-
half to ‘one~third of that generally d.eBired..

L O T
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E-£.2 ..~ The rudder-fixzed static directlonal stabllity appears
sufficient to oontrol the sideslip resulting from sudden application
of the aileron in a rolling maneuver out of a twrm with the rudder
fixed. For the condition with the. least degree of directional: -
stability (windmilling porpellers):the roguirement would be .
satisfactorily mot Inasmuch as sbout 0.75° of sideslip would be .
developed per 5 percent of full aileron deflection. This value - .. ..
will be a conservative ogtimate becauge. 'hhe directional stability ;. ..
will be. scmevhat greater for the higher power conditlon actually -
specified: for- this maneuver' : :

E-2.3 < The aizplane will be statlcally steble, divectionaily
with the rud.ders free for all flight conditions inasmuch ak the r . . -
yawing-moment | coefficien'b curves, ‘far Cp, = 0, in :E'igure 10 show .’

stable, although low, slopes. Ruddér-free static sta'bility is also oo
shown by, the stable slopes of the hinge-mament curves in figure 9.7 ~
The rud.der hinge’ moments: are nearly proportional to the angle of !
sidesli;p and, fm"bhermore, there is no temdency for- rud.dﬁr over-
balance in- tha sid.eslip range inves'&i@ted {100 'bo -15°) .. .
E-2.} - Thé rudder-free static directicnal s'ba'biliw Por: 'bhe _
airplane operating with the Fight outboard. engline inoperative will '
be sufficient to maintain straight Plight by banking and sid.eslippins
with the rudder free. The rudder-free characteristics of the model
(fig. 10) show ‘thaet this mode .of asymmetric power reduced the normal
Power yawing moment at & given angle of sidesllp and, consequm‘bly,
reduced the sideslip angle for trim. However, camputabtions show -
that the more critical type of gsymetric power operation w11l be -
with the left outboard Tropeller inoperative and with the remsining:
engines developing rated power. These camputations neglect the
emall changes in sidewssh that may ocowr &t the tail but do. )
include the small edditional moment caused by the side force. on
the yawed propeller. The major change in yawing moment due to _
asymmetric power operatlon was contributed by the unbalanced thrust
forces of the propellers. A comparison of the experimental and
estimated ssymmetric power conditions ‘with tHe normal rated power
operation (fig. 11) shows that the ai¥plané will trim at a sid.eslip
angle to thé right of the order of 12° with the ruddsr.free and
with the left outboard propeller inoperative. With khe, assumption
~ that the lateral force characteristics will not be subsbtentially
affected by the change in condition of asymmetric power, it is .
ostimated that the angle of bank acconpanying this sideslip a.ngle
wlll be -about 4°. This 1llustrative example is given for.a 1ift’
coefficient of about 1.0° (V¥ =93 mph) -where the power effects
are large. ' Inasmuch ag..the flight. condition specif:led. 3s that for
. maximum vangoe,.the resulte as prebented will: therefore ropresent
‘& most severe condition for. ruid.er—free u'im

e .-
..t-. e S ., N . P L . .r R
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E-3. Rudder control power.- E-3.1 - The rosults of the rudder
tests at zero yew reported in reference 1l ere summarized in fig-

ure 12 by the variations with alrspeed of the rudder deflectioms
and hinge maments required for directioral trim. A deflection
renge from sbout 5° left t0l0° right will provide trim at the
low speeds and at all power conditions. .At high speeds this.
deflection renge is substentlelly reducéd.. Of thesé trim rudder
deflections, however, only the windmilling prope].'l.er and asymme'l;ric
power satisfy the requirement of having the winge level. Fop the
two higher power conditions there is an accompanying un‘!n‘imed.
bank angle although the greatest angle reached would be only
about 2.5°., The most difficult condition for meintaining wing-
level flight would be- at the high angles of attack with high
. poviexr operation and for, this conditlon sideslip angles ag’ great .
_as 15° will 'be rereched.. _

'I‘he eff‘ectiveness “of the rudd.er in trinmming out the airplane
.yawihg_ moment in a sid.eslip has ‘been shown previously-to be rather
low. Figure 9 shows that for only the high power operation- can 15°
of sideslip be héld by ‘the maxitim rudder deflection of 30° and
that at high angles of attack with low .power the lﬁnit_ng gide~ -
.alip angle 1s only: about 10 A

E-3.2 «-The d.irectional sta'bility ‘and the rudder’ effectiveness So-
,have been shewn to’ bo “very low for low-gpeed Flight with the pro-
‘pellers windmilling. ' It is estimated that at the landing condition
the’ rud.ders would not be capable of maintaining directicnal control
in & 90° crosswing of velocity 20 percent of the stalling speed.
. Adequate control at the instent of teke-off for this same cross-
wind condition would be ‘possible because propeller:opération ab
tako-off power considerably increases the effectiveness of the
rudder for 'brim. : : . .

E-3.4 ~ The- test resulte show that for the asymxnetric power
condition tested (right outboard propellor windmilling end.
remaining engines operating at rated power) very small rudder
deflections would be required to hold' zero sideslip at all speeds.
(See fig. 9(d).) It has been shown, however, that the most .
critical asymwetric power configuration with one ongine inoperative
consists of the left rathér then the right outboard propeller -
windmilling. The estimated trim curwves for this conditlon are given
in figure 13 together: with the curves for tho asymmetric power
condition ‘teated (from fig. 9(a)). A lerge rvdder deflection of -
‘ghout "17° will be required for directional trim.at a low fiight
speed: It is important to note that, at spoeds noar.tho landing
' speed, ‘the airplene with-the 16f% ‘enginé ‘inoperative -cannot be
‘trimmed directionally in- stralght -flight for yaw angles to' 'bhe right
greater than 8° with full-right rudder deflection. -
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..E-3.5 = Thae a.d.varee a.ilercn ya.w is :Eo’lm& to e negligi‘ble

. (bePerende 1) for thé niod.era.te eileron deflections that would be

encountered for laterel control at medium and high: speeds The

rudder. control would be adsquate for .such cond.j,ticns At low
speed.s, or, hish a.ngles of ‘attack, hcwever, maximum ailleron deflec-
t¥on: prod.uces an adverse yawing-mcment coefficient of the order

of'0. 0035 Although this value is not particularly lsrgs in

ltself,. the estimations of the yawing moment off the airplane in

- a rcil (from Yeference 5) indicate that & substantial increment
of . y&w dus to roll must be includ.ed. with.the adverse alleron

yew. At the lower speeds, it is estimated that for low-power

operation only dbout oné-half the total adverse Jaw can be .

controlled by full-rudder deflection. Smaller rudder deflections

will -be req_uired. if the: rclling maneuver. is accomplished d.uring

. re.ted.-pcwer opera.ticn. ' .o .

. Bebs Rud.d.er podal %e .- The necessa.ry ._nforma.tion For .
converting the rudder hinge moments to rudder pedal forces are
not available and therefore no prediction of limiting control
forces heis been meds. The. hinge-moment varistions with speed,
at zero yaw (fig: 13) ‘and in yaw (fig. 9) are véry useful never-
theless int vgtimating the flying gualities. The variations of
rudder hinge.moment’ for trim with angle of yaw have been shown -
to be smooth .curves ‘that increa.se stea.d.i.ly with increeses in .
a.ngle of yaw. There is also no ind.ica.ticn of & tendency for rudder
. Xock through 15 of yaw,. ‘Bacause of “the exceptionally large control
surfaces, , however, the ruddsr hinge moments becams’ very large for
high rudder d.eflections even 'at low flight speeds and moderate
angles of yaw. It 'is evident from the magnitude of these rudder
hings moments for some* flight conditions that moment reduction .
ratios as much as 20:1 must be effected at the cockpit in crd.er to.
insure ped.al forces within accepta.ble limits. : :

I.a.teral Stability a.nd. Control - o T

F-2, Static la.teral stabi. lity.=- F-2.1 - Ths static lateral .
sta.‘bility characteristics of the e.irpla.me with ailerons fixed; are . .- .
shown in figure 14 by -the variation of alleron deflectioh for lateral:.
trim with angle of sideslip for a rangs of: a.ngle ‘of .attack and: power.
conditions. There is a deflection ¥atioc of 3:1 between the left. a.nd.
right allerons, and a.lthcugh the results show the left aileron defloc-
tions only, the effect of ‘deflection’ of the: right a.ilSrcn has been .
considered. The resilts are not given for the sidsslip angle of -15°
because the ruddefs are not capable of trimming the, girplens direc-
tionally at that attitude. There is about; moutral static’ lateral .
stability for the high-power operation at.ths lower angles of attack.
There 1s a low degres .of static lateral stebility shown for the wind-
milling propeller operation at the higher angls of attack. Because
of the absence of alleron hings ~moment’ data, the aileron-froe
8tability can not 'ne estimated.,
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F-2,2 - For all the _pover conditions end angles of atbtack investl-
gated in referencs % 'and for tlhie condlticrs - ghowm in figure 1k .the
variation of rolling-meomont coefficlent with angle of sideslip
are gtable; or neutrally steble. The efféctive dihedral a.ngle
corresponding to these alopes vary from ze¥o to sbout 1.5°, For
no -conditicn would +the rolling moment dué to- sideslip be éo great
“as ‘to :cause & reversal in rolling veloci’o‘y resul‘bing from aileron
yaw in a rollmg ina.neuver.

: F-2 3 - The 'best res‘ttlts ahow ’oha.t sta'ble 'bu'b lc:w va.ri‘a.tion
of . lateral -force coefficient with a.ngle of yaw exists -for mst
flight cond.i*t.ions. The va.luss for CXB - of figure 9 vary from

P trim

about’ 0 to -0.0020 per d.egree i’or 'bhe range of power conditions
end engles of atbtack ‘tested. - With the propellers windmilling;
it would not be possible to bank the ailrplene:smd for-sny other
fligh'b condition the angle of ba.nk developed woulé. be small

" TREEY AT1erdn “contrel power.: F 3.1 kuicy characteristics of
the airplane Th"an alleron volLl have been ‘estimated in accordance
_ with ‘the ‘msthods predented ir veference 6. Thes results given in

figuire 15 ‘show time ‘histories of ths rolling &nd yawing velocities,
gngle of a,ideslip &nd engleé of berk requ,ting from an sbruph
d.eflection of the a;ilerons at twé flight spgeds.’ ‘I'he variation
of rollivg" a.cceleration with time following an a‘brupt control
."d.eflection ig in ‘che correct directicn for gtavle ‘Gontrol because
' _the inttisl ‘slope of ths- rolling-velvcity curve ig poeit:lve ard

: the, curve .Shows no teﬁdency ‘toward & 'l%ime 1ag .

L F- =3, 2 ~ The rolling Velocity curves aliow the inqst rapid. rise
in velocity within 1 /2 second from the mitial movement of the
ailercns, and the’ resulting peek rolling a.ccele“ra’cion would occur
within the maximum allcweble tims lapde. It ig of interest to
note, for comparison with values for . conventional airplanss, that
the maximum rolling velocity is oﬂly 4° “‘por ‘Hocond at a speed of
90 miles, per hour and is a.'bout l3 per secotnd. at 169 milés per
ho‘m' . T .e RS . LN p cae

A The rema.in:lng Momqtim 1n figure 15 shows 8. low ra:be of
yawing velocity a.nd. a. qonsidera‘ole time lag before the  sideslip
angle 1in an aileron roll: beccmes appreclsble. -Far the two specds
computed., ag much .as 3. 5 %o b seconds els.pse 'before a sideslip
_a.ng}.e pf10° As reacned.,. T P S

-3 3 - The va:riation of roll:tng velocity with a,:{leron deflec-

. .'..tion for. various speeds. can be. illugtrated by the helix.angle

.. curves of figure 16.. Smooth and nesrly; proporticnel variations
.of rolling velocity w:l'bh d.eflaction ocour, for thp h;gher apeeds

Lo LT B S T R S SR A SR T Th A S

I
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although theye is:some. reduction in slope of the ourve: above
half-aileron deflection which becomes more pronouncad. with - . .
decreages In speed.  For the &peeds below 100 miles per hour PR
however, there is a sherp bredk in the hellx-engle curve near
half-aileron deflectlon, followed by & loss in rolling effec-

. tiveness at higher. &eflections.

F-3.4 -The' va.Iues of the Ving.-tip helix e shown in

. figu.re 16 were- calcula.ted i’rom ‘the relation AC; Zp " where AC

is the total incremant in -Folling moment coefficient at e given
deflection of the allerons and CIP :!.s the_ coefficient of d.ampi;ng

— s

in roll (0.583) obtained from reference 7. TNo corrections have
been applied to these values of- - pb [2¥ - for the effects of wing.
tvist and-alleron distortlon at high speed and fox ‘the effect of
roll due’ 'bo sldeslip et low speeds. It is shown that values

. for. pb/aV . of.0.07 or greater can be attained at all. spesds -
" within the ava.ila‘ble d.eflection rengé.. As d.iscusseﬂ. in the pre-~
. vious sectiosn, the most critical condition of lateral control

. would occur;at speeds near the lending and at large allaron

deflections:. IV waeg observed ih the tests of the model that this

' loss in latéral control iras ca.used. 'by stall in the regicm of the:
allerons.

i : ; ‘

- .-
-t e -J__

— o Al"bl:tou@a the lateral hendling chara.cteristics may

' be considered unsatisfactory for the landing condition with use
: of large alleron deflections, & more exact evaluition of the rolling
. ‘charatteristigs indicates that the minimm relling requirements

can be pmatisPied. The tip velodity due to rolling for a pb/2V
value of Q.07 will be.greater. then the present req;uiremen’c of

.10 _fegt per aacona. for ths lowest speed. condﬂ:ion of 90 miles per

‘hour.

H
L

F-3.6 - The rqllins—manent increments due 5 a.ssmetric power

‘arve gufficiently low so that the alleroys are capsble of producing

.edequate lateral control when the. e.irplane is operated with.the...

asymmetric power conditions -described m”ﬁhs sec’sicn on directiona.l
control. TR

Lt
e TS

F-}, Alleron forces.- F-".1 - The aileron con'brol-force
characteristices with the alrplane in a stoady sldeslip are not,
presented because of ingufficient sileron hings-moment date’ with
the model yawed. The afléron hinge maments accompanyling the :
helix-angle varlgtions digcussed in'the previocus. section are given
in figure 16.. In gensral, for spveds greater ‘than 103 miles per
hour, the alleron hinge moments :.increase:gteadily wlth increaded
aileron dsflection. At lower speeds, however, a loss in control-feel

v

R i Pt
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18 Indicated by the low slope:of the; JAinge-moment curves up to
sboubt half-aileron deflection. The ailerons will develop.very.
large control.forces which will beccme vmmanagesble for rolling
mansuvers and. fczr la.tera.l 'brim even ab ;noa.erate angles of sidesllp.

In general, there wes & wide ra.ngg of values o | 'Cha and cha.

for the control- surfaoes testeﬂ. (reference 1) ani 1n order to: -
11lustrete the range and magnitudes of “these va.luea the' following
table.is included. The slopes of ‘the ‘curves;were. measured. ot
Zaro surfe.ce deflection -end at ,26T0 ya.w. e

L. B B AN
Goeete VN et . o

Con‘brgl N .. — P.W.'Lv_'. .o B . o .“z ‘::‘L-H'ﬁ-;r..? L-..: '__i
sl surface i S ; MRS )

i q,'= 6:0 ."- : fq, = 16 5 :—‘ q, = 3 3-;:!( ,Q:,_v=-l2..|5

“«

P

__:.-meveit&z'-'jf',,_ £0:0039+7 | .--0. oo'ro.'.."'. 5 ,om"( | -6.0188

' Rifider H:’f. qtroo'jo -o,ooso.:’.{; ;-Q-.Qp!’jl.s. . 6.0089
- ) . ; S R DR .

w

"Aileron T - ©. 0096 .0059., LTS SRS

coeemtwol I T U Bt L N.R.F.2
“: Burface il SN SO

w60 |-a=i6i5 [Tas33 ] w=325

‘Blevator |. -0.0030 | -0.0025 | -0, 0030 N

Rudder o0 | o 7 ] 0.0015 ; 1=0.0035

|7 atteron < | . 0.0070 00157 | -ooeee- R —

ke A = Propeuers windmilling o . i
N.R.P. =HNormal rated power.' - .umee fo, 7

: It is appa.renb that velues of Chﬁ as high es those shown would

'f'be prohi‘bitive for the airplane, a.n,d. .‘:t I esﬁima.ted. that even
‘with. a velug for Ch8 of ‘about; ~0.002, b‘bta.ina.‘ble by, close aero-

’ d.ynamic 'balanca and csmeful a.ttemion t.o the detail design, the

Y s e .
eooe b , T R S L .t h
o R LRSI SRR s o FRE R
- - L Tee . " .
Yo e e LT L PRSI . [ TR
. ; .. - cre g
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hinge moments would produce excesslve control forces. It appears,
therefore, that a mechaenical booster will be neceesary in the
control system in order to obtaln oontrol forces within acceptable
1imits,

Stalling Characteristics

Some indication of the stalling characteristics of the alr~
Plane is given by the tuft-studles on the 1/7-scale model. The
test Reynolds number of 2,230,000 ‘at stall is gbout one-tenth
that at full scele; nevertheless, the gensral flow characteristics
over the wing of the design configuration are. considered represented
by these tuft surveys. A detalled description of the air flow
over the wing is given in reference 1, but the more Iimportant
findings are summerized here ag well, ' .

With the propellers windmilling and &t an a.ngle of a'b'ba.ck of 9
(G, #0.7) a strong ini‘low ocourred - along ‘the trailing edge of
the ouber panels. AL 13 the first Indication of geparation -
appeared at the rear of the wing. The stell progressed. steaﬁ.ily
forward on the wing as the angle increased end et a = 19.5° +the
outer panels were essentlally stalled. Except for some roughness
over the elevator, the flow over the center section of the wing
.. spannsd by the vertical surfaces was relatively mmdigturbed. The

11ift coefficlent curve showed a gradual loss in 11ft nesar the
stall end mo sharp loss in 1ift after stell. There was very
1little movement in the center of pressure near. the stall because
the pitching maments showed neither a ‘strong nose-down nor nose-up
pitching tendency at stall. Wing stall has a marked effect an
the flow over the allerons and, consequently, causes & red.uc'bicm
’ ‘1n the aileron effectiveness.
.o I8 would. éppear, 'bhen, from these.results, that the airplans

will experience. a gradual stall progression and will not have any
sudden angular velocity in plich or excessive rolling motion.
There will probably be .a warning of stall, however, in the loss
of .feel of the elevator and aileron controls. Kear the stall,
the rete of change of cievator and aileron control forces with
speed will be reduced and there will be experienced a reduction
in the upward movement of the elevator. Due to the fluctuating
- nature of the separated gir flow over the wing tralling edge,
the eleviator and a.ilerons ma.y ezperience some buffeting prior to
wing stall, _
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Tests of a 1/7-sca.le powered. model of the Kaiser: Fleetwing
- alrplane: hdave been conducted at the Langley full-scale tunnel.
From the résults of these tests, the flying quali'biea of the a.ir-
plane “have been estimateﬁ and. the eignificant conclusicms are ’
presented as follows:

1. For rated-power operation the a.ir_pla.ne will 'be 1¢ngi‘budina.ll;r
‘steble statically, at.all speeds with center-of-gravity locations
forward of: a'bout the 35-percent .mean serodynsmic .chord point, -

With prépelleis wind,milling, there ip a forward neutrel:point

shift fram 31° percent meen aerodynsmic chord at a.speed of 170 miles
per hour (Cr, < 0.'3) o 20 percent mssn serodypsmic chord at a
speed: of 93 miles per hour (Cy, = 1.0). For low-power operation

at low speeds, it appesrs that with the normel center of- ‘gravity

at 20 percent: maan astodynamic- chord, the airplane will have
a.pproxima.tely neutra.l static long:l'buﬂ.inal sta.bili'by._ :

2. There is insufficient dovn-élevator deflection availa‘ble
to produce longitwlinal trim beyond speeds of 130 tniles per hour.’
Furthermore, at low £light speeds with low power, the decrease
in longitudinal stabillity causes a sudden decrease in the rate
of change of deflection agsinet speed. . .

3. The airplans will bs directiona.lly sts.'bie 5 ‘sfaticaliy,
rudders fixed or free, for all flight. condition.s investlgated.
The static stabllity parameter C%; however, i rather low and

averages ebout -0.00040 per d.egree Ffor most conditions tosted.

k, For most f£light- conditions ’ it appeare t.ha:b about 15° yaw
would be the 1limit for directional trim with meximum ‘(30°} rudder
deflection. The rudders will not be sufficiently powerful to
trim the total adverse yawing moment resulting from an abruph
alleron roll in low-power, low-speed flight.

5. With one engine inoperative, the most critical condition
for directional conbrol will be with the left outboard propeller
windmilling and with the remaining three engines operating at
full power. In low-speed flight (V = 93 mph) and for this power
condition, 1t is estimated that the alrplene can be trimmed, rudder
free, by sideslipping ebout 12° and banking ebout 4°, For tnis

low-gpoed condition, sbout 15° of rudder deflection will pro'ba‘bly
be reguired to malntain unyewed flight.

6. In the sidesliy range of about ¥10° the airplane will have
approximately neutral static lateral atebility for flight in the
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high-speed range. The lateral stebility is a little greater for
the low-power, low-speed flight cordition. The rolling momente
developed in a sideslip will never be sco large as to cause &
reversal In rolling velocity in an alleron roll

7. The airpla.ne will pro‘ba.‘bly have sufficient lateral control, .
even at low speeds. There is, however, a reduction in the rolling ’
effectlvensss above- ha.lf-a.ileron deflection at the low flight
speeds. _

1

8. The hinge moments for all comtrol surfaces are very largs
even for flight at low speeds and at moderate angles of yaw. In
order to, insure wheel end pedal forcee within acceptable limits,

& booster system, in addition to cerefully balanced control
surfaces will probsbly be required.

9. Airplene stall will be gradual and no sudden pitching and
rolling will accompany the stall, Same stall warning may be
indicated by a reduction in elsvator and aileron forces end by
fluctuations in these controls from the imebsady flow over the
surfaces near the stall.

10, Estimates of the dynamic staebllity characteristics of
the sirplane wilth controls fixed indicate that:

{a) The short-period longitudinal oscillations will be heavily
damped.

(b) The phugold {long-period) oscillation will be divergent
at low speeds.

(¢) There will be no tendency toward directionsl divergence.

(4) Spirel divergence is likely to occur.

Lengley Memoriel Aeronautical Laborastory
National Advisory Comittee for Aeromautics
Langley Field, Va.
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Aeronautlcal Engineer
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TABLE T
PHYSICAL AND DIMERSIONAL CHARACTERISTICS OF THE KAISER
FLEETWING ALL-WING AIRPLANE

Design gross welght, 1b « =« ¢ & ¢ ¢ ¢« ¢ ¢ s ¢ s « =+ « « » » 175,000

Wing: -

Area, 80 IF 4 ¢ 4 ¢ ¢ 4 e e e 6 4 8w s e e s e s e e e T2
Spm, ft . L ] L] L . L . - - - [ J - [ ] * L 3 - » - L L ] - . L3 * L Ll 2%
Mean ssyodynamic chord, £t . . o ¢« « ¢ = 4 o « ¢ = ¢ o o & 27,
Location aft of root chord lesding edge, £t . . . . . & 1.7
BABPOCE TBELO0 v v 4o o o o s o o o o o« o s o o e s 0 e o « . 10,6
Taper Tablo « ¢ & ¢ ¢ 2 ¢ ¢ o ¢ o o o« ¢ = o« 2 ¢ v 4 e o 0.20

Root section, modified with trailing edge reflexed
upmd. L] -* - L - L] - L - L L] L a . - - L - - L] KACA 63 ’ h—om
Tip section, modified wilth traliling edge reflexed

upw&rd. « 6 & e B3 ¢ & 8 ¢ v & o e . KA.CA 65 ¥ 3 "018

Dihedral of outer panel, @8 . . ¢ « ¢« » ¢ « s+ ¢ « ¢ « o« « o 1.7
Wing twilst, deg@ .« « « & ¢ ¢ ¢ o ¢ o o 4 & ¢ a ¢ ¢ s ¢ s o o
Sweepback of 20-percent chord line, deg . . « = « ¢ « « « » 0
Wing loading, Ib/8a £5 . ¢ o v ¢ ¢ ¢ v o 6 v e s e v e . . 221
Alleron:
Area aft of hinge line, each, sq £8 . . . . . « . . « . « « 277
Alleron balance, percent . . . 4 4 o 4 e s e« 0 . . o o . 15k
Span, £t 5 b v s 5 s e e m e s s e o 8 s e e s s s e e s 20
Root-mean-~square chord, 5 . ¢« o « o ¢ ¢ « « o « « + o« » « 3.24
Hings line, percent of wing chord . . . « + « + « « « « « « &
Meximum deflectlon, deg . ¢ ¢« ¢ « « ¢ ¢ ¢« » o ¢ o +» + . 10, -30
Blevator:
Area aft of hinge 1dne, s¢ £t . . . . . « . .« « ¢ . . . . 193
Elovator balance, percent . « . o o & « o & ¢ o o o s o o« 12,7
BPEN, FTH o ¢+ « v v o ¢ 6 ¢ o« o b e o e s s s e e e 0 e s . o UB2
Root-mean-~-sguare chord, £H . « « v « ¢ = o « « o« « « & o ¢ o L
Hings line, peorcent wing chord . . . « ¢ « ¢ ¢ ¢« « ¢ o ¢ 2 @ Q0
Meximum deflections, deg . . . ¢« . « ¢« ¢ « « « + « o« « « 10, <30

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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-TABIE I - Concluded

PHYSICAL AND DIMENSIONAL CHARACTERISTICS

VYertical surface:

Total avea, 8g ft « « » « &

. L .

Rudder srea aft of hinge line, totel, sq ft . . .
Ruddser balance, percent
Vertical ‘tall height above wing tralling ed.ge B f'h

Root-mean~sguare rndder chord, £t . .

Hinge line, pe»cent of fin chord_

Maximum deflection, deg -

Propeller:
Deslgnation « o e
Diameter, ft . . . .

Number of blades . .
Propellexr gear ratio

]

Concluded

20

Hamilton Standard 6491A-0

NATTONAI ADVISORY

COMMITIEE FOR ABRONAUTICS



L ]
»
“»

hi t TN Aiferon hinge
a%% cﬁg-caﬂ — ol 0.65 ¢ Z ne
A | = 7 I54rg
: : | 68.57
28 } ' l 27
q¥ P Chr 0.8 chord fine v
—g— RS SRm—— e b > Y
g ] M M
257 {
. #
197 H 48—
49714 N
Fropeller rolation ’LI M
CHE-R N EE —
7
A o o
+ | 2 1- H‘afc//sr .
Wing areg, so.If 161.6
o 9899— Elevalor af\ejz, sg.ft 393
M G564 — Alleron area,sp.Fl.(ene) 366
Verlical area, sqft,(fatal) 167
w i s
—¢ Thrust— { pyedralimle oitepel 17
"ot | MACA 63,4 -oa0) Modified

-

Figure 1,- Three-view drawing of the 1/7-scale model of the Kaiser
Fleetwing sll-wing airplane.
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(a) Three-quarter front view.

Figure 2.- The 1/7-scale model of the Kaiser Fleetwing all-wing airplane
mouhted for tests In the Langley full-scale tunnel.
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(c) Side view,

Figure 2.~ Concluded,
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Figure 8,~ Variation of effective thrust coefficient and torque coefficient
with 1ift coefficient for a single propellsr. Sea-level operation;

w

= 22.1 pounds per square foot.
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Figure 5.- Varlation of elevator-free pitching-moment coeffic
with alrspeed. Sea-level,
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(a) Propellers Windmilling.

Figure 9.- Variations of trim rudder deflection, rudder hinge moment,
and lateral force coefficient with angle of sideslip for four power
+ conditions. %g =00, &5 = 0O,
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Fig. 9b

(b) Normal rated power.

Figure 9.- Continued.
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(c) Military-rated power.

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

[nght outboard propeller windmilling; remaining engines, normal rated
power, ] .

Figure 9.- Concluded.
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Figure 10.- Variation of the yawing-moment coefficient for Ch,, = 0

with angle of sideslip for four power conditions, Tab neutral
configuration.
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Figure 11.- A comparison between the rudder free yawing-moment
coefficients of the normal rated and two asymmetric power
conditions. Cj,, about 1.0.
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Figure 12.- Variation of trim rudder deflection and rudder hinge
moment with airspeed. Sea-level operation; tab neutral
configuration; g = 0°.
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Figure 13.~ A comparison of the rudder trim curves for two modes
of asymmetric power with the model in sideslip.
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Figure 14.- Variation of trim aileron deflection with angle of sideslip.
6o = 0°; rudders trimmed; tab neutral configuration; & a7, = 36aR.
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Figure 15.- Estimated time history curves for two flight speeds. Sea-
level operation; Maximum aileron deflection.
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