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THE DEVELO?MENT OF A LATERAL-CONTROL SYSTEM

FOR USE WITH LARGE-SPAN. FLAPS

( ; . By I. L. Ashkenas X

. SUMMARY

for use on-the-Northrop P-6l airplane... The lateral-control
system is to be used with large-span fl bie vand  donslstis vof &
thin eircular are spoiler, linked with short-span plain ai-
leron located just outboard:of. the. snolier This unconven-
tional lateral-control system, has. been accepted with enthusi-
asm by the pilots who.haye flown the airplane., They partic—
ularly appreciate its cbaraeterlctics at high speed. The

‘ combination of light fprceS,nfavorable yéwing moment, and’low
\

|

\
|
f A spoiler-type lateral—control system has been developed

wing torsional moments make, it . a very pffective, easily ‘ap-

plied control. The conprol ayailable at and through the stall

1s also remarkably googl1 although this characterlstic may e’
attributed, in part to. an exceptlonally good wing stallihg»
patfern rather than entirely to the use of the spoiler—type
gileron., In the landing configuratlon,.the lateral-control
effectiveness increases automaticallv with the exten51on ofi
wing flaps so that powerful gontrol is available during the
approach., There l1s, however, a decrease in effectiveness Lo
the first & percent of the wheel travel with a resultant’ tend—
ency for inexperienced.pilots to overcontrol slightly at low
gpeeds. The fact that the aileron can be. fully used at the

| stall, however, more than compensates for thls loss of effec~-

tiveness with flaps down and greatly enhances the airplane's
landing performance.

INTRODUCTION

The trend toward the employment of ever-increasing wing
loadings, desirable from the standpoint of high-speed per-
formance, has necessarily worked against the maintenance of
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low airplane landing speeds. In addition, increasing require-
ments for lateral control have limited the spanwise extent of
the wing flm;(which is, in many cases, cut up by large, well-
faired engine nacelles) so that the attainment of a landing
speed, for a high-performance airecraft, of, say, 80 miles per
hour is no small accomplishment. In most cases the problem
is "solved™ by filling the available wing span with a flap of
convenient chord and suffering the consequences as regards
landing speed., This quasi solution will not do in deslgns
where landing performance is deemed of great importance, and
it then becomes necessary for the designer to employ partial-
span flaps of improved quality: namely, multiple-slotted flap,
slotted plus split flap, Fowler flap, and so forth (see ref-
erence 1); or in extreme cases to devise ways and means of
utilizing the wing span normally devoted to ailerons, Both
the above-mentioned possibilities have been the subjiect of
considerable wind-tunnel and flight testing, the results of
which have indicated that the latter treatment, whiie obvious-
ly giving better results from the standpoint of maximum 1lift,
is fraught with many and varied difficulties d¢ regards lat-
eral control « -a drawback obviously not applying to the first
solution, : . - S ' ;

In the case of a recent Northrop design (figé. 1 and 2),
landing and approach performance were deemed of sufficient
importance to warrant an attempted solution of the full-span-
flap problem, The choice of the lateral control arrangement
to be used was largely = matter of picking the lesser of a
number of evils, in view of the limited success of installa-
tions and schemes tested up to that time. 'A review of the
possibilities, however, showed that, as regards adequacy of
control, and mechanical simplicity, the spoiler-type lateral
control device had the advantage over slot-lip ailerons,
drooped 'ailerons, plain ailerons in combination with retract-
able flaps, or .any of the other devices enjoying current fa-
vor, As a matter of faect, the only question mark concerning
its successful application to an airplane was its very erratic
hinge moments - a’'fault also appearing in some of the other
possible systems. -“Accordingly, the retractable aileron was
chosen as the most likely to succeed. The ways and means used

in obtaining satisfactory hinge moments and effectiveness are
given herein, '
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SYMBOLS

scoop hinge-moment coefficient, H/qb'tr
scCoop span

width of scoep edge

scoop radius

rolling-moment coefficient

balance aileron hinge-moment coefficient, H/qSZ
hinge moment of control surface
‘area aft of hingé line

average. .chprd aft of hinge

.balah@e_éileron:defléction, positive downward

écobp dbflectibn,.positive~downward
wheel angle
Qing_épan

lobalzwing chord

'vtétalkﬁangential wheel force

i wheelwradius

pb/2V  -steady staté wing tip helix angle

D
v

k

irate of roll.

airplane ‘forward velocity

cdntrol-surface effectiveness, (:%%) for éonestant sec-

tion 1ift coefficient

dynamic pressure, % pV? %7

mass density of air
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0y = oCn
CIRRGELT . T IRy

P 3lpb/2v)
Subscripts
u upgoing surface

) downgoing surface

DESIGN CALCULATIONS:

General.~- It soon became apparent that the solution of
the hinge-moment problem would be perhaps the most difficult.
Researches conducted by the National Advisory Committee for
Aeronautics (reference 2) finally had produced 'a stable
hinge-moment variation for a modified circular- arc spoiler,
but only through - -the use of various wvanes, vent's, and pas-
sages, some of them apparently quite critical. EVen then,
the resultant pilot forces were inacceptabdy high, and no
satisfactory method of trim control was available. Prelimi-
nary tests in the Northrop wind tunnel, direcced toward the
possibility of obtaining stable hinge moments with a system
in which the center of rotation and the center of the“arec
were not coincident, showed no promise; pressure measurements
corroborated the speculation that the extendfing hingé moments,
existinz near the flush neutral position were due to the neg-
ative prassures acting on the exposed . edge of [ thé sceop.?t
(Theze extending moments, when combined in an unsymmetrical
mechanical system, produce unstable pilot forces,)""While.
these extending moments were not directly proportional to the
upper~surface of the scoop, newverthel#ss their '‘magnitude ‘could
apparently be greatly decreased by a reduction of this area,
as shown in the tests of reference 2. It was decided, accord-
ingly, to minimize the inherent instability of the scoop by
the simple expedient of reducing its: thickness aw much as pos-
sible, Calculations, aqsumlng the scoop hlnge moments to be

‘
L 1 o gy by

he term "scoon" will hereafter be used to denote a
circular-arc retractable aileron in preference to the word
"spoiler," which connotes a device capable only’oof one-way’
action and thus relatively ineffective on a wing already at
negative 1lift,
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proporﬁional to the product '6f scoep radius arnd upper-surface .

area, showed that the contribution of a 1/4-inch-thick scoop-
would be quite neglipible comparad to the allowable hinge

moment , 4 ﬂ

It was, thus possible to provide lateral control with
very 11ftle atténdant ‘pilot"effort, and there remained only
to”build into the system a positive .centering tendency, sone
means of trim control, and-some :degree of pilot "feel. :
Since ‘these .properties are all, .of course, available in the
conventional lateral control one solution of the dtffrcul.
ties enumerated was. to link to the §C00D system a‘complete”
conventional allieron’ of small gpan, This compromise system
moreover, conctqted of components the chazacte“isttcs e 7 4
which were sufficiently explored to allow of routine aerc-"'
dynamic calculations._ Its advantages more than outweighed
the 10%s of wing .flap attending the use of a small conven-
ti@nal aileron., Theré¢ now existed a reasonable certaintv'
that a 90~percant full-span flap, sav' cquld be’ made to work
with a relatively small amount of development tlme

In the Lnterest of a. contlnuous wing flap and also as
a concession t.o conaervatism, it was decided to Iocate the »
conventional "balanoe"'aileron at the wing tip oA prelimi—
nary wheel fqrce analvsls, neglectlng the " scuop oontribu—

tion, indicated tnat a plain- flap aileron occupying the outef;

wing bav,1 having & chord of approximately 4% percent .0f the
wing chord and a maximum throw of =259, would supply forces
in the neighborhaod of 80 pounds wheel force at 80 percent of
maximum indicated level flight speed. '(see, reference 3, ¥
The scoop located ad jacent to the balance aileron and at ‘ap-
proximately 70 percent wing chord, to insure acceptable time-
lag characteristics, was laid out, in accordance with the
data of references 2, 4, and 5 and the method of referance G
to give a pb/2V =70, 07 in combinatlén ‘with the baldnce ai-
leron. Detalled galculations for the final configuration are
presented below to iTlustrate the methods employed.
“‘4

Rolling moment o The effective 'section twist (ks) due to
the scoop nrOJection above the wing surface was obtained by
comparing the rolllng moment's due to scoops (referencs” '2) with
those due to a conventional aileron (reference 7) accupying
the same span on a" geometricallv similar wing. The experi-
mentally determined effectiveness of the conventional aileron

1Layout of the component parts of the lateral control
system was already limited by detailed structural design,
which it was not expedient to change.
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was made the basis of the caleculation, thus using the equa-"
tion '

Cp = 1/k 9C;/38q (kg,)

and substituting the value of the effectivenoss 3C;/36,

obtained for the plain aileron and the known valae of "ie [ for
a 15-percent chord plain flap (reference 4)

G, = ~0.0016/0.38 (k8°) = -0.0042 (k8°), whereby the rolling

moment 1s related to the section twist for the given plan
form. The ‘€coop rolling moments are transforuwsd, with this
equation, to values of effective twist (k8). The results

thus ‘obtained are plotted as the dashed and broken lines in
figure &;. they .compare favorably with unpublished Northrop
section data (full-line) if correction for chordwise location
is made using the results of reference 8. While the proposed o
installation was to incorporate a slot behind the scoop for.
the purpose of improving the lateral control, it was apparent
that at low values of the wing lift coefficient, the net ef-
feet of the slot was quite small (see fig. 3); and it would

be conservative to use the section data at zero 1ift for de-
sign caloulations made in accordance with the methods of ref-
erence 6. The balance-alleron rolling moments, .computed in
the same way, with no regard for possible interference effects
were added directly to the scoop contribution to give the
total rclling moment, :

The.gedmetry and rolling-moment calculations for the
P-6l.are presented below:

Scoop
Chordwise: location : O.bzc
Location. of inboard end » 0.49-%1> ' -
_ . Cls/k = 0.360 '
Location 6f outboard end 0.83 3 '

Max. scoop extension (indoard) 0.075¢

Max. scoop extension {(outboard) 0.080c
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‘Aileron

Type: plain flép,'sealedrgap

Location of inboard end "0.83‘3
21 c14/k = 0.105
Location of outboard end 0.94 % .
Chord aft of hinge line £ Pl e
Méx. deflection i22°

<C;8/k are from reference 8 for AR, By O and X = 0.50

and antisymmetrlcal aileron ‘deflection, Czs denétes

acl/asa.>
For 'the average maximum scoop extension of 0.077¢, the corre=
spénding effectiveness is ‘k§ = 7.6° (fig. 3). For the al-"
leron, the data of reference 5 gives k8 ‘e 88 %0129 ulgh .
which corresponds to 15° of fully effective travel at the wind
tunnel value of k shown in reference 4. The maximum rolling

moment coefficient at low Iift coefficients is thus:
C, = 0.360 X 7.6)/2"x 57,3 + 0,108 x 6/57.3 = 0.0348

This value was nevier checked on a complete wind-tunnsl model,
but similar calculations 'made for the wing-scoop geometry.of
the tests of reference 9 which became available at :a later
date, agree, within 5 percent with the exDerimental results,
Hinge moments -vHinge moment measurements available fon
a plate-type scoop have been reduced to coefficient form in
figure 4. . The data, reduced on the basis of the spoiler radi-
us and edge area,: show little: consistency in either test con-
ditions or resulting hinge-moment coefficients. A .consistent
variation of spoiler opening hinge moment with 1ift coeffi-
cient, as found in reference 2, 18: not sufficlent to bring the
curves into agreement, nor are the theoretical upper-surface
pressures, scoop retracted, any indication of the measured
opening hinge moments. .For the P-61 design the data. most di-
rectly applicable (unpublished Northrop data) were used.
Balance-aileron hinge moments were assumed linear and esti-
mated, from the available data. to correspond to Cn_ = -0.009,
including the reduction;due.to the response effect.? !

'The effect of angle of attack change due to rolling
velocity.
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With these data, the geometric relationships of figure
5, and the dimensions of the controls (8¢ = 5.88,
tb'r = 0.19 f£t3), the total wheel force was calculated for an
indicated speed of 258 miles per hour, using the:equation:

Pl = thlr-{ﬁkru(das/dw)u + Gh'l(das/dw)zJ +_aqs‘5_ch5 §, d6,/dw

The last term corresponds tc the balance aileron contribution
and is doubled because of the symmetry of @be,pontrol system,

The results of this calculation are plotted in figure 6,
where the spoiler contribution is seen to be quite negligible,
provided a minimum gap is maintained. The possibility of
overbalance near the neutral wheel position is illustrated by
the case of the 0,004c gap. It was clear that small changes
in the geometry, especially if they included an increase in
spoiler thickness, could easily result in an unstable region
near neutral. Since the magnitude of the unstable scoop con-
tribution appeared largely unpredictable because of ‘posdible-
structural deflections, scale effect, or aerodynamic interfer-
‘ence, a large balance tabd (also used for trim) with adjustments
for positive or negative boost was incorporated in the balance-
alleron design. In this way, theé balance-aileron contribution
could be adjusted by flight test to be Jjust sufflicient to over-
come the unstable scoop, a condition obviously giving the low-

est acceptable pilot forces. Further, it was decided to re-
sist strenuously any comnromiqe with structural weight require-
ments which might increaseé the effective thickness of the

scoop, since the success of the combined syqtem might depend
on this point '

él;»loads - In order to obtain the minimum allowable SCO0P
thickness, accurabe air load information was required. The
data plotted ™™n figure 7, show that the relative load distribu—
tion is independent. of scoop deflection and the magznitude of
the load is approximately proportional to this deflection,.
Since desirable wheel forces do not exceed 80 pounds at 80 per-
cent of maximum indicated sveed in level fllght it is physi-~
cally poas1ble for the Dilot to' obtain full wheel throw at very
high speeds In the present application, the scoop design con-
dition was taken to corlespond to full extension in a dive.
Deflection of the control system, which would tend to reduce
the available scoop extension, was neplected Static structural
tests showed that a 1/4 inch mag enésium plate, formed to the.

"proper contour and incornornting heliirc‘weluedbhinge brackets,
would take the design load thus determined. So far, the basic
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requirements for a successful lateral c0ntrol ‘of the type"

under discussion offered 1ittle difficulty, Some further de~
tails and conjectures that went into- the complete design are
discussed below.

Scoop geometry.~ The gcooap- flap section geometrv was
patterned rather closely after the confwguraticns ;nvestigaued

by the NACA in their spoiler-slot plus slotted- flap investiga—f

tion. (See reference 2,) A rather blunt slotted- flap of ap-
proximately 25-percent chord was supported at three p01nts 1n
the outer wing and actuated through a four-bar linkage which”

gave approximately the optimum flap-slot configuratlon fon the_

important flap positions. (See reference 1, ) The sccop was

Placed just forward of the flap and hinged as near the irtérs’’

section of the rear. spar and wing mold l:ecs'ae'structure“énd
torque-tube.sizé would allow, The seccpp zadlnus was cdoSérnlhned
by the requirement that the down-travel of the ecoop‘be ks
least 40 percent of the up-travel, but that 1its maximem verti-
cal projection below the wing be limited as, iich as possible.
The latter. requirement, 1t was though' “would nlnimize any ad-
verse eoffects due te down deflection; the first' requixement
would permit approximately linear scoop eytonelon with wheel
angle - a requisite of effective control near neutral ~with-
out the high acceleration. (and the. accompanying Mhard. spot“)
that would result. from & large diffetential motion. The slot
behind the scoop was made a constant width of apnroximately
1/2 inch, except for.the lip which was brousght as close to the”
scoop as possible, and, 1eft uncovered at all times ‘The drag
penalty thus incurred, ,it was thought, ,would be little larger
than that assoclated.with an unsealed trailingnedge flap, and-*
the alternative - to incorporate. a plate along the upper edge:f
of the.scoop,. which would seal the slot for neutral and down- =
ward scoop deflections - would drastlcally change the nature
and magnitude of the ecoop hinge moments.

The.final section. .geometry is shown in figure 8, It
should be mentioned that foy ‘bhe. maximum extension of '65° the
lower edge of the scoop 1s above the upper wing’ surfaoe by :
approximately 1, inch. .4s indicated in reference 2, there i1s”
no change in effectiveness with euch an emergence of the . Scoop.,

Flutter conelderatione.— The scoop was dynamically bal-
anced about its hinge line and the nacelle center line by a
linked counterweight the. balanoe aileron wes etatically bal-
anced about its hinge line by two. .attached welghts, The pur-
pose of theee precautions,,of course, was to prevent the Qo=
currence of wing-a\leron flutter’ within the flying range'of
the airplane. Later flutter calculations, using data available
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from ground vibration tests, indicated that the fairly com-
plicated scoop counterweight could bée eliminated by overbal-
ancing the balance aileron, provided the 'linkage between 1%
and the scoop were very rigid. In making such calculations
and also in estimating alleron reversal speed, it was neces-
sary to know the section pitching moments due to a scoop.
These were deduced from the data of reference 8- and are shown -:
plotted ln figure 9 in the form-of center~-of-pressure loca-:
tion. Assuming the elastic 2zid to colncide with the wing
quarter-chord point, thease data indicate that, for a scoop
located at 72-percent chord, the wing torsional momeénts due

to the scoop extension are approximately two-fifths of the
moments due to the deflection of an equally effective trail-
ing-edge flap. This means that for a given wing rigidity- the
reversal speed of a scoop control is about 60 percent higher:
than that of a conventional -econtrol. If the elastic axis is-
farther aft, ‘the degree of improvement i8 even greater, R

" Preflicsht changes.- When the system was completely in-
stalled in the airplane, it was noted that ‘rapld manipulation
of the control wheel on the ground produced an appreciable
lag in 'the 'scoop motion because of ‘the combined inertia and.
flexibility’ of the system. -To remedy this, the scoop torque
tube, which’"had beén desipgned to strength requirements only,
was greatly stiffened, and, iniadditien; the inertia of the
scoop was ‘lowéred by drilling out enscugh:3/4-inch holes to
reduce its weight ‘approximately 20 pércent, ” ‘(See fig..8.)

A rough -check in ‘the Northrop wind ‘tunneél indicated that the
loss in effectiveness due.to a 30-percent -area reduction, by
means of uniformly spacéd holes, would bé ‘approximately 15
percent. (Thig'résult 1s in Zood dgreement with measurements
of the effect 6f perforations on split flaps. '(See reference
10.) " To prevent the 10-percent loss corresponding to the
actual perforations. (BOJpernent'afea'reduction). the scoop
was fabric covered.

- “Flight tests.— Preliminary:flight tests of the new lat-
eral-control arrangemeént showed it to be generally satisfac-
tory from the standpoint of lateral-control forces and re-
sponge. Unfortunatély, however, inspection of the scoop and
slot structure after each landing indicated that serious me-
chanical intérferénce was oécurring during flight. This in-
terference manifesteéd 1tself primarily in repeated failure of
the lowsér slot-lip which was progressively strengthened, and
in abrasion of the fabric scoop covering. It was deduced
from this evidence that, under the ‘influence of air flow through
the slot, the scoop was vibrating quite violently, and, accord-
ingly, steps were ‘taken to determine the conditions and modes
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of vibration, Klectrical strain-gage pilckups were cemented
to the 1lip, the hinge brackets, and the scoop, which was left
uncovered for ease of inspection, and their responses were
g¢bserved in flight through use .of an osecilloscope. These ob-
servations showsd that above a relatively low airspeed the
gcoop vibrated guite violently in a chordwise diredtion with
nodes at each of the hinge brackets, the amplitude of vibra-
tion being apparently limited by contact with the slot walla.
These vibrations were not felt by the pllot at any'time, pre-
sumably because they included no vertical or rotational com-
ponents, It was believed that these vibrations were the re-
sult of air flow through the slot, a fact later substantiated
and reported in appendix I. In order to eliminate all flow
through the slot, a fairing strip covering the lower opening
was attached to the bottom of the wing, (See figs, 10a and .
10b.) This expedient was immediately successful in eliminat-
ing all signg of vidbration, and contrary. to expectations was,
inf the pilot's opinion, not appreciably-detrimental to .the
~effectiveness with flaps up, even for small displacements. of

. the perforated scoop, (Tha fabric cover had by now been dis-
carded to facilitate production and maintenance.) The effect
of the slot cover on .airplane performance was expected, 1f
anything, to be slightly beneficial, since the fairing was
located in a rather noncritical spot on the wing, and 1t .
elfminated air flow-losses through the slot. It remained now
to determine, quantitatively, the characteristics of the re-
vispd arrangement prior to final acceptance. -

BN o S e

_ Before this -could be done, however, another problém‘arose
in eonnection with the approach and landing configurations.
It was found, with the wing flaps full down and regardless of
the power setting, that the airbl&ne“s lateral behavior was
unsatisfactory; pilots who flew -the craft complained of diffi-
‘eulty in controlling the airplane in rough air. ' Wind-tunnel
+ tests had shown no change in effective dihedral with flap set-
ting for the. power-off condition, and since further flight in-
vestigation revealed a "dead spot," or region of ‘poor effeé- '
tiveness in the lateral control near neutrsl, it ‘was eoncluded
that herein lay the. difficulty. During the flight investiga-"
tibné]leading to this conclusion, it was discovered thad seal-
ing the outboard flap slot. . with a metal plate improved the lat-
eral control and had a minor effect on- maximum:1lify .~ This re-
sult was verified by further teste made with & more practical
cloth seal (figs. 10a and 10b), wherein the stalling character-
isticg.wgre fully investigated and found to be essentially un-
changed. (See fig, 11.) The large effect of.the flap-zlot
‘ seal_qn,the:lateral control .and its negligible effect on lift
’ characterispics;anq;not yet fully understood; :furthez research
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on the prodlem,: which has thus been solved practically bdbut
remains unéxplained theoretically, has been temporarily post-
poned. It is believed, however,»that thereffect of the flap
slot on lateral control 1s due to the fact that- a- small scoop
extension augments the flow through the flap slot, thereby
increasing the 1lift. and counteracting the intended effect of
the original control deflection - :

Examples of the rolling- velocitv data: obtained in flight
are shown in figures 12 to 18 wherein the wing-tip helix
angle, pb/2v, corresponding to equilibrium rate of roll 1is
plotted against scoop extension in percent of wing chord.
The data show that, with the flap retracted, the scoop slot
is not required to produce an essentiallv 1linear variation of
rolling velocity with scoop extension. Also, the control ef-
fectiveness’'remains. practically constant for 'all the angles
of attack tested. It must be remembered, however, that these
curves of pb/2V: versus sdoop deflection" include the compo-
nent contributed by the "balance" aileron. ‘Theré 'is thus no
necessary disagreement between these data and’ those of ‘refer-
ences 2 and 1)1 which. indicate reepectively that,y forra pure
scoop gfystem, the glot is required for linear: control and
that the effectiveness decreases with increasing 11ft coeffi-
clent. At: any: rate,.the rolling- moment charactéristics ex-
hibited here are practically ideal, ©pb/28V° being directly
proportional, to.the 8C00D extension. only, and heving a max-
imum value slightly yreater than that calculated. 3..:The ef-
fectiveness in inverted flight has been' found to. be very good
a result that surprisegs those who erroneously consider the
control 2y "spoiler" in the true sense off the wbrd

The original "dead spot" in the control effectiveness
with flaps down and SCOO0pP ¢closed, is shown .in figures 15 and
16,. the extent of the ineffective region’ cowvering approximately
20 percent ;of . full travel Reference to ‘the ‘same figures will
show that. tha. effect of sealing the flap: slot 18 %0 eliminate
thisy region of poar control ‘almost entirely. A further in-
crease .in, effectiveness 1s'obtained by opening -the scoop slot,
as indicated in!figures. 17 and 18. ‘'These Tresults.are -all in
good agreement with the original speculations as to the cause
of the "dead spot". and indicate ‘that a completely effective
roll control could be obtained with both flap 'slot and scoop
slot open, This possibility. however. was disearded from a

2L Ll ' ;
Taking. Gz i the damping in roll, equalito O 45 from
B
reference 6. and reducing the caleulated scoop effectiveness

© by 10 percent. for perfc;ations pb/2V =0 0324/0 45‘ O one;
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practical standpoint;, since a method to prevent vibration

with the open slot was not immediately evident; whereas the
scoop-slot cover and flap-slot seal could be readllv applled
to the airplane with apparently no deleterious effects on i
the stall, and without. seriously limiting the available lat- -
eral sontrol, 3 ol o

The final configuration, embodying a perforated scoop,
scoop~slot cover, flap-slot seal, and zero aileron-boost -tab
was flight checked to determine the magnitude of the ‘control
forces. The results of these flights are shown in figure 19,
where, neglecting an appreciable scatter, it may be noted.
that the pilot force varies approximately linearly with scoop
extension and dynamic pressure. Interpolating for a speed of
258 miles per hour indicated, the force corresponding to a
maximum scoop deflection of 7.7 percent is read at 82 pounds,
a value in close agresement with that cdlculated for ‘this
speed. The forces raquired ‘for lateral 'control may here be
seen to be relatively small for an airplane in this class,

As a matter of fact, the forces required for lateral trim,
even under single engine operation, are so light, that it has
been found feasible to eliminate, entirely, the aileron tab,

CONCLUDING REMARKS .

b % The resulte of this development program indicate, to
some degree, the success obtained with this'rew lateral-con-
trol arrangement. Another indication is the univerdal enthu- -
siasm with which pilots have accepted this unconventiénal,
control. They particularly appreciate its cHaracteristics at
high speed. The combination of 1light forces, favorable yawing
moment,, and low wing torsional moments make it:a very effec-
tive, easily applied econtrol, The control available at and
through the stall is alse remarkably good, although this char-
acteristic may be attributed in part, to an exceptlonally
good wing stalllng battern rather than entirely to the use of
the spoiler-type aileron ‘In the landing configuration, the
lateral control effectiveness increases automatically with the
extension of wing flaps so that powerful control is available
during the approach, There is, however, a decrease in effec-
tiveness for the first 5 .percent of the wheel travel with a
resultant tendency for inexperienced pilots to overcontrol
slightly at low speeds.  The fact that the alleron'can de
fully used at the qtall however, more than compensates for
thig less of effectiveness with flaps down and greatly en-
hances the alrplane's landing performance.
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2. The scoop vibration that occurred inside the slot
during the preliminary flight tests can be eliminated by
closing the lower-surface slot. .CGlosing the glot had little
effect on the control flaps up, but with flaps down, the ef-
fect was detrimental unless the flap slot was sealed.

3. The inportant aerodynamic characteristics of the
system - control.effectiveness and pilot forcegs - have been
calculated with sufficient accuragy to make. +he,appllcatlon
one of routine aerodynamic computation, It 18 believed that
the use of methods presented will give satisfactory results
for the : aerodynamlc design of spoiler~type. lateral contro;
sysuems : : : . A g

Norfhrop Aircraft Corporation S
Hawthorne,.Calif.,; October 31, 1945,

APPENDIX I

i

SGOOP VIBRATION TESTS

*

In order to determine the cause of and to eliminate the
severe chordwise . scoop ¥ibration eneountered :ln. flight tests
of the P-61 airplane ‘at all speeds in excesy.of -140 .miles per.
h onirl e full st ze wooden mock-up . of the airplane outer wing . .. .

panel, equipned with.a production scoop, -was tested 1n,the
\orth"op windwtunnel building. . The. maximum -v.elocity through -
the slot was equivclent to.a ‘dynamioc ;pressure of rabout 11 .-
inches of water, and was obtained'by ‘the use :af .4 Rees blower
which was connected t-o the .under surface of the wing by a
series of .canvas: ducta,...-The static pressure in the bag below
the scoop was. equlvalent t.q, a. helght «of l7 5. inches of. water.
These pressures remained fairlv cnnstant.xhrougnouf the tests.
Scoop vibration frequencles were. mpasared with a strobotac,
while vibratian amplitude was, mgaqur@d w1th a marker plate 1n.
contact with a marker attached to the upber edge, of the ..
spoiler.  During the first few tests, it became apparent that
the scoop vibrations were vary sens;tive to duc+_characteris—b
tics. At first, the maip duct from the. blower was attached
to the scoop duct by means of a square wooden frame but it . ..
was thought that this entrance to.ths scoop duct. was causing
some interference with the flow, g0 a eylindrical sheet metal
section was substituted for the wooden frame. This new
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arrangement made a marked difference in the vibration char-
acteristlcs. R

With thb scoop deflected up 30°, vibrations of 5000
eycles per minute and amplitudes of l inches were measured,
and it was impossible to stop these vibrations by any mechan-
ical means sich as rollers, felt pads} or guides in contact
with the scoop either 1n the scoop slot or above the wing,
With the scoop fully deflected and completely out of the wing,
it was possible to stop the vibrations with a rudbber-roller
damper mounted above the wing and in contact with the fromt
scoop face. Then various ‘merddynamic means were tried to.
control the scoop vibrations; these means consisted of span-.
wise strips of felt geal in the scoop slot, metal vanes to
deflect the air flow off the rear face of the spoiler, spring
loaded doors to seal off the flow through the scoop slot when
the scoop was completely out of the wing, small spoilers at-
tached to the leading and trailing edges of the scoop aileron,
an auxiliary slot in the wing mock-up behind the scoop ailleron,
variation of the scoop slaot gap at the lower surface of the
wing mock-un, various degrees of roughness applied to the
rear scoop face, and spanwlse grooves machined in the rear
scoocp face. The auxiliary slot eliminated scoop vibrations
at all deflections; spanwise roughness strips of thin string
or tubing applied to the rear scoop face almost entirely pre-
vented vibrations; and coarse sand or cork roughness sprinkled
on lacquer over the lower 40 percent of the scoop rear facs
entirely eliminated vibrations except with the scoop com-
pletely out of the wing mock-up, where a rubber roller contact-
ing the scoop easily damped the vibrations. All other means
tested proved to be partially or entirely unsuccessful in elim-
inating the vibration.

Subsequent tests on the same setup, with a strain gage
installed on the front and rear faces of the scoop near its
top edge at the center of the unsupported span between the
outboard supports indicated violent vibrations of the scoop
in its original condition and no vibrations when the rear
scoop face was roughened.

Three flight tests were then made with the P-61A airplane
which had the right-hand scoop slot open, right-hand scoop
roughened with cork in lacquer, and strain gages attached to
the inboard scoop halfway between supports at the top edge.
Strain-gage and oscillograph readings were calibrated approxi-
mately by means of ground vibration tests before flight. Re-
sults of these flight tests indicated no vibrations at speeds
below 275 miles per hour in the cruising configuration with
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the scoop in neutral ‘and deflected up and down. At speeds of
275, 300, 325, and 350 miles per hour, cruising configuration,
and at speeds of 140 and 160 miles per hour, flaps fully de-
pressed, low-frequency vibrations of about 1100 cycles per
minute were encountered, which were sometimes spasmodic. At
350 miles per.hour, the amplitude of vibration with the scoop
neutral was:-about 3/16 inch., On one of the flights, vibra-
tions of the order of 400 cycles per minute with an amplitude
of less than 1/16 inch were encountered at a speed of 335
miles per hour,

Comparison of these flight test results with the vibra-
tion test results obtained with the scoop in the original
condition shows that roughening the rear scodop face had a

ery favorable effect in raising the speed at which vibration
was encountered.
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Figure <.- Photographe of the Northrop XP-81 airplane
in flight.
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Figure 10b.- Photograph of fairing strip and flap seal on
P-€1 sirplane.
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