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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
MEMORANDUM REPORT
for the
Bureau of Aernonautics, Navy Department
FLIGHT MEASUREMENTS OF THE EFFECTS OF A WING LEADING-EDGE ST.0T
AND OTHER MODIFICATIONS ON THE STABJLITY, MAXIMUM LIFT, AND
HIGH SPEED OF AN COBSERVATION AIRPLANE

By Willtam N, Turner and Betty Adams

SUMMARY

Stability, maximum 1ift, and high-speed teete were made of an
observation airplane fitted with Maxwell leading-edge elots.

Static and dynamic longitudinal and lateral stability wae, in
general, satiefactory and wae little affected by the slota.

Maximum 1ift coefficients with power off were low due to early
stalling at the center section. The Maxwell slots as installed
reduced the maximum 1ift available by aggravating the center-eection
etall. Extending the elots all the way to tho fuselage eliminated
the detrimental effect, but the increaee in 1ift over the elot-closed
condition wae small. Fully opening the cowl flaps eliminated a
detrimental effect of opening the hoode in the landing condition. The
stall warning, power off, was adequate, and with slote open was
excellent. The highest 1ift coefficients were obtained with power
on, but in thie condition the etall warning was poor.

INTRODUCTION

Flight tests were made to determine the maximum 1ift and
corresponding anglee of attack, drag, and stability of an observa-
tion airplene equipped with Maxwell leading-edge wing slots. Various
modifications were made to the airplane in an effort to increase
the increment of maximum 1ift reeulting from the Maxwell elots,

The lateral control characteristice of thie airplane have been
reported in reference 1.




DISCRIPTION OF AIRPLAND

Tae test atlrpleno 13 & two-placo, single—cngine, mld-wing,
centilover monoplano wita [ixed landing ggar, partial span dctlector—

pleto flaps, cumbination elleron=-gpoilor latueral control, ond
Moxwell londing-cdge slots oxtending from the wing tip to within

approximately 1% inchos ot the fusolege (figs. 1 to 4).

sicns of tho airplano are:
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Speilers
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Vortics) tail e
Span (hoignt above fuselage) YRS e Tt 5.25 feet ]
Tetalaroa .................22.0squarereot [
Ruddep area arg ol hinge line | Tt e oL, 11.5 8quare feet ]‘
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Plen and section views of tho high-Jift decvices snd control
surfacoa are shown in figwwes 6 to 10,

Modifications meds to the airplane during tho coursz of tho
tosts wors:

Modification 1.~ Auxiliary slats woro mcunted chced z2nd abovo
tho normal lcedng edge of tho wing root, overlepping the
inboard cnd of the original Maxwoll slot arrengement by
gbout £n inch (fig. 11).

Modification 2,-- A fired sict of the samo esmtowr as tho
Maxwoll slot when open wns conatructed in tho leading cdge
of tho wing rcot botwren the fuselago cnd the inboard ond
cf tho originel Maxwoll slot (fig. 12).

Modification 3.- Ir addition to the slot extonsions, tho wing
walkway wns covercd with fabric, £:11ed4, sandpepcrod smooth,
and dopod. §

Modification 4,~ In 2ddition to the slot extensions, expanding
wing=root f£illots (f1z. 12) were Installod. The fillota
started with snproximatoly zero redius at tho slot exven—
sion lip end cxvended to e redius spproximatelyr oqual to
the width of the wing wallwny at tlo tralling cdgo of the
wing proper. From thore the filnt wus gradunily falred
back into the fusoiag:. The unccverad part of tho wing
wrlkway wus In its originel roush condition.

Modification 5.— Tho fillots were the scmo as in modification 4.
The slot extonsions, however, were replacod by the origival
wing-root loading odgos.

Modifiecation 6.- Air flow through tho flap gap wac prevented
by soaling tho lower surfeco with a astrip of Fodbric.

APPARATUS

FACA instruments woro used to record photoaaphieclly as o
function of timo the following varieblos: - lrspecd, nermel and
longitudinal =zcceleration, rolling volocity, control posltion, stick
forco, flap position, chango in zcltitudo (statoscope), longitudinal
inclination, and anglo of sideslip.

]
|
|
|
]
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Indicating instimmonts alresdy in tho sirplanc werc used in
cbacrving prossurc altitude, frec air tomperature, ongine rpm,
nznifold procswio, ond quantity of fuel carriod.

For tho dreg tests only, whore accurnte comparisons of powor
wore nocussary, & total-prescure tiboc was vlaced in tho slipstreom
(fig. 1¥) ond comnscted to one side of =n i zrc.” indicetor in tho
cockplt. Tho othor sido of tho moter was comnected to tho {rco—
stroom total pressure from the pitot head on tho boom. The moter
readings of this inetallation wero ticon calibreted in texrmo of breko
horsopowor. The calibration was medo on a singlo flight at o
constant rpm 2nd at seovoral eir speods. Tho power wes detorminod
from obsorvations of manifold preasurs, i1pm, altitude, temperaturo,
and the calibrstion for tho RE-985-50 ¢ngine. By this mothod, the
powor dotorminations woro made without recourso to the manifold—
prossure gogo and 89 woro notv influcncod by unprodicteblo changos
in powor output for an given monifold pressure. Eveon though tho
powor cctuclly dovolopod on tho calibretion flight mey havo becn
difforont from thiet gshown on the stondrrd engino calibration curvos,
the error wes consistontly crorricd through the subscquont tost
flights.

An frucesd hoad vaned and pivotcd €2 n8 to aline itsolf with
the rclstive wind in pitch, but not in yaw, wes mounted on o boom
noer tho loft wing tip spproximntely onc chord longth cheed of tho
lecading odge. Tho instcllction wama celibxrsted in flight with o
trailing boub,

A yew heod was nountod on o boom noar the ight wing tip
approximntoly ono chord lungth cheoad of tho lcading cdge.

A two=clomont olovntor nnd ruddor control-position rocoxrdor wos
installad in tho teil and sttachod dircctly to tho ccatirol swrfeoco
torquoe tuboc. A two—clumont lotorel stick—position cnd flep—positicon
rocordor was instollcd botwoon the ceockpita, tho stick—positicn
olemunt boing cecnnocted to thoe uppor right sideo of the allorcen—
spoilor chenge-over unit, and tho flop position recordor voling
connoctod to tiie righit—-hand soction of tho flop torquo tubce.

A twe=oloment comtrol-posiftion ‘rceorder was clso inatelled
in ooch wing 2nd connuctod dircctly to cach niloren ond spoilcr,

Colibrationa of the control surfrco doflections in torma cf
tho cockpit control positions are shown in fimvres 13 to 27. As
proliminary tosts showed tho most offcctive slct oponing to bo
1.5 porcont of tho locel wing chord, no inturmedisto positions o




linkagoe changos wore used in the presont tosts, the slot gop for
the slcet—=0pon tests being that shown for 30 turns in figurc 27.

In flight, 1t wvas found that tho loads on the slot ceuccd it tc
open tho oguivolent of npproximately thiee crunk turns more than
wvhon unlondcd. For this rocson, about 27 turns were uscd to fully
opon the slots in flight.

TESTS, RESULTS, AKD DISCUSSION
Stebility

Tho longitudinal 2nd lntorzsl stebility wes chocked with tho
cirplans in tho originnl conditicn bdbofore any tests were mode for
meximum 1ift,

cherecctoristics of tho uncortirclled short period longitudinsl
oscillation werc mozasured with the conter of gruvity ot approxi-
motely 26.3 percont mean nerodynomic chord and both hoods closcd in
the following flight conditions:

Powor ] “Flap ; Approximato
control ! Slot Cowl spood rango,
bhp | rpm getting ! flaps _mph
off up clcoed | cleosod 66 -~ 164
off up open cloged 54 - 110
off full down closod | closcd 60 ~ 121
off full down opon closed 60 - 103
loval up closed | closcd 84 ~ 164
level up open closod 79 -~ 103
lovol full dowm cloged open &7 - 121
loval full down open open 87 - 110
345 | 2300 up closod open T0 = 146
345 12300 up opon, opon 60 ~ 103
345 | 2300 i full down clogod opon | T2 -115
345 | 2300 full down opon open | 66 — 1032
i 1

Vhere "level" powor is reforrod to in this rcport it mezns
povor roqured for level flight.

:
|
|




Tho results may be summarizod aa follows:

1. Tho veristion of normal rcecelcrotion with time nlweys
dompod out complotely in loss than ono cycle.

2. In n focw instoncos, tho records of olovetor angle showod
oscillotions of approximntoly 1-1/2 cyclos, clthough tho lest helf—
cyclo wag of vory am~ll amplitudo. These instencos elwnys occurred
noar tho lowoat trin spood with oithor flaps down, slots opon, or
both, ~nd with 1littlc or no powor boing ~ppliod.

3. During runs with tho flops down, tho flop position uosually
changod slightly; tho chango, howovor, wnc not of cn oscillatory
notwro.

It is ovidont, thoroforc, that the rogquircments of refercnco 2
were mot in most inatancos; tho fow control oscillations of more
thoan ono cyclo hed no spporont offoet on tho Flying qualities. {

Choractoristics in stondy straight flight.— Tho chaoractoristics
of tho nlrplane in stendy, straight flight with tho contor of gravity *

ot approximotoly 26.3 percont meon aerodymomic chord and the hoods
clozed wore mcosured in tho following flight conditions:

Powor Flcp i Approxim-te
control Slot Cowl spood reongu,
bhp | rom sctting flaps ph
of £ up closod | closcd T =149
of{ up open closod T2 — 142
of f full down closod | closed 61 — 105
of f full down open closed 62 — 10k
lovol up closod | clcoed 65 — 160
level up open clocod 59 = 1h2
lovol full down cloocd cpen 47 - 105
lovel full down opon open 4y — 10%
345 | 2300 up closod open 63 - 153
345 | 2300 up open open 54 - k3
345 | 2300 full down clocod opon 46 — 104
345 | 2300 full down cpon opon 4= - 107




Tro rosults cve prosonted in tigures 26, 29, ond 30, and may
bo swmearizod as followa:

1. 7Tho variation o olevator ongle with rnglo of nmttnck wns
st hlo for nll conditions of power with tho fl-ps up, oxcept «with
powor on ot the highor speods with the siotu opon, whore thc curves
indlente neutrsl otebility. With flzp down ot low opoods, thio
airplano wes ctoblo in 211 conditiona, but nt tho highor spcods
instebility cpposrod with power olf, slots cloned: with lovel-flight
powur, slots cpon; ond with full powex, siois open or closod. With
powor off, fleps up, n broskdown of the flow ovor tho conter sccetion
is indicnted by tho swddon tncrvase in the slopos of tho curves norss
stalling epocd. WIth powor of?f, Tlrdus duwn, the Tlow breakdcwn
cruced pitching cocillntions and the scattor of tho dets showm,

With slcts closod, thore 5 lesn indicotion of flow brenkdown. With
powor on, thore is no indlcation of flew bracidown In any conditlon,

2, Thc variation of stick force with Indicoied cirspoud shows
control-froo stebility for 2ll conditions oxcopt with powor off,
£1laps up, slots open 2t the higher spocds., Tho conter-scctlion fleow
breckdown with vower off et low spseds ic agein ecpprxont in tho
suddon incroaso in tho stick forco regurired ns the sta2ll is
approcchad.,

3. The variation of ruddor position with Indlcrted nirspocd
with powe:r on showa that aspproximotely cne—third right ruddor wes
roquirced to hold straight flight at minimum spood with tho flnpe
up, and approximctcly two--thirds right ruddor was requirod to hold
stroight £light ot ninimun speed with the ficps down.

k, Thc loft. sidcslip 2t low speeds with: powor onm wng slightly
groater then nt high speeds. The Indication of loft sideclip with
powor off rmoy heve boon due to position crror 2n tho yow le-d,

5. ¥hon the flap controul woo in the full-down posltion, tlic
flop cterted to floot upwird ot on indicatod 2ir gpoud of sboutb
75 miloz por hour. V¥ith powor on, fall dcfloction weo ant avalleble
abovo approxinnioly 60 milos por hour.

In gonorcl, it sppoars that tho airpleno wes steblo in the
gpood renge in vhich 1t is likoly to be uzod in onch condition,
With power off, ilio obrupt incrocse in clovator cnglo ond stick o
forco noar tho st-ll zonatitutod on ecxcollont ctoll wriming. Tho
ocrly center—soction stall, howover, defoatod 1o n certrin oxiont
tho purposc of tho high-lift doviceo incorporciod ir tho wing. With
the conter—of-gravity position nsed in the stobliliiy toats, 1t was
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not porsible t> obtein a comploto etall with tho slots open and tho
stick full beck in cither the Tleps-up o *leps-down condition with
power off. This clisrnctoristic woo ~ppareatly due to the dotoriorn~
tion of longltudinzl control causcd by tho cunter—suction £low break=—
down with the recultant decreese in downwash anglo and relative
dyammic presswuro ot the teil. Eeavy buffeting wau present ot
ninfmum spood in thiscendition. With the alots closod, or with
peower on in ony condition, no difficulty was oncounterod in obtoin—
irg 2 complote stall.

Choxacteriatics of the wncontrolled lators) moticn.~ Tho -
charectoristics of the unconirollod loteral motion of the zirplane
vhen distwrbod from stosdy flight wore morsurod with tho conter of
grovity at 26.3 poiconi moon rerodynsmic chorxd snd tho hoods closcd
in tho following flight conditiona:

Fltp Approximeato
Royer Cowl ! cont:rol Slot gpocd rongo, °
bhp rmn f£lapeo sotting rph
of cloged up clozed 83 - 160 5
off closod up open 83 —~ 162
off closod full down lclosod 85 - 104
of cloged full down | cpen 88 - 104
levol 3/4 open up closod 71 - 157
lovol 3/4 opon up open 93 = 1y
lovol 3/4 opon full down |closod 64 ~ 105
lovol 3/k open full down | open 63 - 1¢5
335 | 2200 opon up closod 90 - 167
345 | 2200 open up open 71 - 165
330 | 2200 opon full down [closcd 63 - 105
330 ! 2200 opon full down opon Tl = 102

Tho tosts woro nodo by trimuing tho alrplano et coch tost spood,
sbruptly cpnlying rudder and alleron to producu n slip, roleasing
ell controls, =nd rocording tho rcsultont motion of tho alrplnne
ond controls,

Tho rosults arv plottod in figuros 31 to 3% cnd mny bo sumnrized
ca follows:

l. Tho poriod of tho control-frco laterrl coscillation varied
botweor 2 and 6 soconds and gonerally docrensed with incronsing aire
spood. )
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2. Tho oscillation clways damped to ocno=h~1f eamlitudo in
less thon two cyclos, thus mocting tho requirenont of rclorenco 2,
The damping wne grontest at low cpocds.

3. In no inst~nco wore the controls themsclvos obsorved to
oscillate Jor more than ono cyclo, which nlso satisflos the
recuirouonts of reforonco 2.

Tho apirnling tendenclios of the alrplasno woro noted by the
pilot during the previously menticned tests of tho control—free
longitudinnl motion. Tho spiral stobility of an airplene has
gonorzlly boon conaidered to hove little bearing on tho flying or
handling qualitiez of en airplene (rofororce 2). As 2 spirclly
steblo airplone is, howevor, considcrzhly onsior to fly on instru—
monts, tho pilot's notos on this subJect =ro swmnrized ns follows:

l. Flope up, slots closed, No irmedinto tendency to spirnl
in sny powcr condition.

2. Flops down, slota closod. No spirnl power off; loft or
right spirzl with powor for loval flight; pronounced tendency
toward left npirsl ~t 45 knoto, right spirel ot 85 knots, ond
spirnl eitlior woy ot intormodinte spoeds with full powor on.

3. Fleps up, slots opon, No spirnl with power off or level
flight powor; loft or right spircl =zt Y0 lnots, right spirnl ot
60 knots, oventunl right cpircl szt 75 knots, no irmodictu spiral
ot 90 or 110 knots with full pewer on. ;

k, Fleps dowa, slots opon. Mo Irmodicto gpirsl power off;
spiral oithor woy up to 70 knote, no spiral ot 85 Imcots with lovol
flight power; left oi right apircl at 30 or 80 knots, no epiral =t
70 or 85 knots with full powor onm.

Chrraocteoristics in stendyr sidoslinping flight.-- Tho choractor—
istics of tho 2irplere !n ctocdy eidealipping flight wore ponsured
in the following conditions with tho center of gravity ot 26,3 porcont
of tho meaon norodynrmic chord:

|
|
|
|




clogod
cloaog
closod
closod
open
logod clogag
CPon clogod
clogoq clouodl
/

Uben cloucod
| elosed clogog
Open clogad /

]
.-_-..-.__-_-__......___._-—Jq-..

%c ghown in ficureg 35 to kg 5

In genoral , the Yoriation of CIo33.-wing Foreo with anglo
D w ) 2t incroasin@ richt banke ccconp:‘.niod
5y

]
Owovop, Vorlation of ba h D wia t sun1; anglog
cf 8lip op ulightly nogntive 3 right aidoalip 1gs, s 39, 40,
42, 4a, u L5 ning tho 41, Sr doflocty the £14 nd n
pronouncod or cong stont offect, ‘8 uguoj, the Ccrog 1nd Foreo
with Powo, CXcoodeqd 2t witk Jowor opp

2, g, roll ing =omont gy, t> 81dasi1p with gtic) Tixed (pg
indicatcd by the variation of l:toral stick Dosition with tnglo of
sidoslip) tondeq ¢ restors tho 2inlong to ite Sriginny attitug,
for a3 conditiong OXeept wity Tln;

d 2 08Dpccia)j,, H
DPozitis » Llap positicn, Dowor, o~ng 3pood wag 8mal) CXcopt rop the
€aso notng 2bove,

0 TOlling: 1oment gy, to sidoulip with 8tick froo (as indicated f
by tho Varistion e latoyra] 8tick fopey Vith angle of 8idosl1y)
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voxrdied conoideradbly wilhh the sovorzl eirplanc cenfornctions. In 21l
the lewost aspeod condiitiono tho etick-froee loteral stedbillty wes low,
ond in right gideslips o forco reverssl scmetimcs cecurred, especiolly
with fleps down, power cn. In genoral, the stick-freo stability

was lowest wlth the flsps one~third drwm. With flaps full down, the
stick~force veristion was large for susll anglos of slip, but amall
for lorgs mnglea,

3. Tho variction of yawing moment dve to sidoolip, as given

by the varietion ol rudder angle with angle of sideslip, was ccnsidered
sdoquate in 2ll conditions, in that tho ruddor znglo was spproximeteliy
vropertionel to tiie sideuslip anglo and no decresse in the zlope of
the cwrves at sinnll engles of yaw was observed. The slope increased
progreasively with flap deflection, but changes with slot position
or power wore negligiblo, except with flsps full down, whore a
amell inciresso in 3lope resulted on application of power. At

rgoe angloe of ripght sideslip, cspocislly with power on, a rudder—
forco reversal noeted by tho pilots indicated tail stalling end
rudder—Croe 1natebility.

4., The pitching moment duo to sideslip (as indicated by the
variation of elevetor angle and elevstor stick force with angle of
sidoslip) was gonorclly small. Only ct tho lowest spoeds with flap
up, power on, slots closed or open, and with fleps one~third down,
power on, clote upen, did tho olovator angle for bzlanco move more
then tho maximum cllowanco ao glvon in roforenco 2, 1° for 5° rudder
movenent from teiua.

5., Filguros 49 to 51 give un indlcotion of the strotch in the
control systom that occurred in tho sidoslips and enablos actual
control surfsce pcaition te be determined for the stick positions
shown in figurcs 35 te 48. Tho control pozitions shown were
moasured by the control position recorders in the wings.

Maximm Lift

Extencive measuiements were nmade of the maximm l1lift of the
clrplano in various conformations and with several modifications,
The data aro nrosonted in tablos I to VII. Blank cpaces left in
the tables indicste that date wore not obtalned, or thet the
perticular configuretion was not tested. ”

In order to make it possible te stall the airplane in all
conditions, the center of gravity was moved back te spproximatoly
32,5 porcont of the moan sorodynamic chord. No meacwromonts of
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stadility were mede in this condition, dut tho pilots had no .
difficulty in flying tho airplanoc.

Tho maximum 1ift coefficient was cslculated from the data by
means of tho following formula:

Cr, = H-g-g-g—w (1)

vhore
w ‘woight, pounds
a8 flight-path angle
AR rosultant acceleration, g's
dynamic prossuro, pounds por squaro fuot
8 wing area, squaro foot .

In dotormining the weight, ellowanco was made for tho fuol used.
Tho flight-path engle was determainod from the vertical volocity
(moasured with a astatoscopo) end tho velocity along the flight path
(truo speod doterminod from records of indicated tirswcd and notes
of pressure altitude and freo air temporaturoc).

If it had.boen possiblo to take all rocords in perfoctly steady
ilight, the AR torm (resultant accoleration in a's) could havo beon
omitted from formula (1). In this airplane, howovor, tho early
contor-soction stall usually made it difficult for tho pilot to hold
absolutely stoady flight at minimum spood. Introduction of tho AR
torm in tho formule involves tho assumption that the rosultant
accelorntion is vortical; omitting tho torm altogethor rosulted in
oonsidoradly more scattor of tho data and a tendoncy toward opti-
mistic valuos of tho maximm 1ift.

Tho anglo of attack waos doterminod from tho flight-path angle
and tho inclination of tho airplanc as dotormined by a rocording
inclinomotor. Tho anglos of attack shown in tho tablos aro roforred
to tho wing chord lino. Whon nedossary, tho roadings of tho inclino—
motor wero corroctod for horizontal acceloration. Becauso of tho
buffoting and uncortain point of stall, tho anglos of attack showm
should bo considored only approximate; thoy may bo reliod upon, how-
evor, to show tho trond from one oondition to enothor.
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Assuming a landing of zero vertical velecity end one g
verticnl accolerntion, stelling speods for lendings were computed
from the meximum 1ift coofficionts by the following rfomavlac

Vigph = VW0, G02% Crpny (2)

The welght was takon ca LS00 pounds

Elevator anglos at tho atall, cs with tho englas of ettack,
shiould bo taken == cnly epproxinnte.

Obgorvotions of tho stalling charnctorictics were made by en
cbsorver In the 1021 soot with tho aid of tufts on tho inborrd h2lf
of the wing.

Thoe roswlts of tho moxirmm 11ft necouromonte are dizcussed for
cach modificetion.

Wximm 318t In the ordainal cond!tion.-- Az skown by toblo I,
tho maxinmum 11£4 coefliclonts obtainod with power off wore low and
oponing tho olot hiad o dotrimental offoct. Oponing the hcods or
cowl flops had vorying offocts, depending on tho flap and slot
position, In tho landing condition (fless down, hoods opon), the
lighost 11ft coorTiclent wns obtninod with tho cowl flaps open.

The decreased maximum 11t coofficiont with tho slots open
w2s prebably édue to o change in spon loed distridution vhich tonded
to lord up the unslottod conter.soction more with slotc open thon
with 2lots closed for a given ovor—all 1ift coefficicnt. Once
tho conter soction stalled cumplotely, 1ittle or no bonofit wns
gainod by increzcaing the anglo of attack furthor. It appenred that
the oxpected ndded 1ift on tho outboard ococtions of tho wing vz
offsot by tho outward sprozd of tho stall,

Tho povor=of? atall wnyning with the slots closed was con—
sidorcd zdoquato, ng modorcto bulfoting procodod the roll—off.
The powoir—off ntell werming with the slots opon wes excellent as
heavy buffeting 2ol in ond o rolling and piltching oscillation
dovelopod, with no uncontrollsnblo roll-off.

Tests were mode with verious cmounts of power, slots opon and
closcd, with flsaps down ond hoodo and cowl flops open. Tho resulte
ero shown in Piguro 52. It 1s soen that ovon o emall amount cf
powor (2pprox. 100 bhp) incroasod tho meximun 1ift coefficlont by
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abeut 0.5, Toeszts with epproximatelyr 30C brake hoersopowor at 2200 rpm
Por sevoral configuretions (tcble [ showed an fucresse in maximum
1if¢ coefftciont of 0.9¢ to 1.30 ovur itho power-off valus. ‘those
iricrussos apgpoar to have Yeen duu tou huth the diroct Jorces on tho
propollus und tho oliminaticn ¢f the centur-scction stall.

Accurding to referoenco 3, the lift due to power 1s a direct
fmetlon of the thirust, snd wheru therv 13 no prematuro stalling
st the conter so:zuion, tro edded 1iit should be numnericelly cqual
to tlie thrast. Tho meximum 1lift coefificiont can tiuerofore dbe
oxprossod as Jollowa:

chax = CL’_ <2 cIle 2 ch

whoro

C1, moXximum powor—cff 1ift coufficiont

Crp incroment of 1lift coefficlent due to olimination of
cantor—soction stall

k a constant {(unity, according to >efurence 2)

Te thrust coefficiont basod on dynamic pressure and wing
arce (T/¢S)

Using tho data shown in figure 52, tho value of k for this air-
plane was found to b2 1.0, thus sicwing egroement with the conclusions
of roferenco 3.

With tho nowo. on, tho wing always stailod noer the tip, the
airplane relling loft or right deponding on tho slot positicn. No
wa.ning was apparont irn tro form of bLwreting, but the attitudo
anglo was higk (200 to 25°), Althouzh tho eirplare was dosconding
et tho timo of stall ovon et the highor powsrs, it was found impossi-
blo to mako lendings with high power as & positive rate of climb
rosulted whon ncer tho ground.

Tho mecasurod incrcmont of maximum 1ift coefficient duo to
oponing tho slots at any rowur is wlso shown in figure 52. Tho
constant incremont of 0.14 shown at all powers above spproximately 80
brako horsopowor could bo oxpoctod to apply with powor off ss woll,
if tho conter-soction stall wore oliminated. Tho reduction in stall-
ing spoed corrosponding to this incrosse in maximum 1ift is only 1 or
2 milos por hecur, On this basis, tho added weight and complication
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of the Maxwell slot installatien could hardly be Justified even
in an arrsngoment free of early stalling =t the center sactlion,

Maximum 1ilt with medificetion 1 {auxilisry glata).-As shown
In table II, tiic sddition of tho suxilisry slats delsyed the center—
gection bresklown sufficiently to causo increszaes ef up t2 0.37 in
the maximaon 1lift coefficient. The detremental effect of cpening
the slots wos 2130 eliminated, although no comsistent increase in
1ift coefficlent due to opening the slots wss measured., As in the
original condition, In the landing conformation (flaps down, hoods
open), the lowezt stalling speed wag ottained with the cowl flaps
open.

Maxi i [+] i -—
Extending the Maxwell slots to the fuselspge offered & small increase
in maximum 1ift with the slct—open over ti.e slot—clogsod condition
(table III). Tho lowest stalling speed with the hoodas open was
obtained wlien the cowl flaps were opon. The Maxwoll slet extensions
were 8llghtly leas effective than the auxiliary slats in reducing
tho stalling speod.,

Maximum 1ift with modification 3 (Maxwoll slot extensions with
smooth walkwav) .~-Grmoothing the wing walkways in an attempt to dolay
the soparation et the conter section resulted in neither an improve—
ment nor a dotrimontal effect (table IV).

ift wi 0 lon b _(Maxw b
¥ing=root f£illots).~Tho combination of Maxwell slot extonsions and
wing~root filleta produced the best Improvemont in powor—off maximum
lift (table V). In the landing condition, the highost 1ift coeffi-
clont (1.97) was sgain obtainod with tho cewl flaps opon. Tosts
made with partial cowl-flap oponings in tlie landing condition (hocds
cpen, flaps down) showod that it was necosssry to have thom at least
three—quartei's oaen to socure a boneficlal effect.

Toats with tho flap up and the slots open showed increases in
CLypaye ©F WP tO 0.66 over that obtained in tho original condition.

As would be expected, the powor-on 1lift ceoofficlonts worc ebeut
tho samo ss in the original conditionm.

Maxigum 11f o 7) =
With the wing-reot fillets only, tho groatost Increases in maximum
1ift coofficient werc 0,53 with flaps up, slots opon, end 0.17 with
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the flape dcwn, slota closnd (tabls VI). Az in the originel condi- .
ticn, the stalling speed w!th flaps down was lower when tihe slots

wore closed then when tiey weioopon  Ar usunl, whon the hends weve

open in the landing condition, the higiiest 1lift coefflcient was

obtaired with the cowl flaps copen.

Moxizum LDt with podifization 6 (wing flieo eap gsosled on y
Joyer sido).~ In ths flaps-down, slot-clcsed, powor-off condltion
wiih the flap gen secalsd on tie lower swrtacs, ths maximum 1lift
coeffictornt wns decresssd by 0.02 to 0.2k, denonding on the hood S
and cowl=flap noasitions (table VII). After a fow degrees of flap
movement from the full-up positlor, the tu’ts un the upper surface
changed diroction so that they pointed straisght in towsrd the
fuselage. This chienge did nct o%cur with the gap unasaled, even
in the full-down position., 1The glide path was steeper with the
flap gap soalad.

General discussien.-- The low maximum 2ift of the teat airplanc
appears to have been dus to &n early centeir—zection stall. This
condition was aggravated by copenlng thoe slots when they did not
extend all the woy to tue Ifvselego.

The variation of maximum 1ift coefficient with the position
of ths hooda and cowl flaps wag oi'tou lerge With Llapa down, cowl
flaps closed, opcaing theo heods usvally resvlicd in e marired decroase
in tho maximm 1ilt aveiladble, both in tre triginel conditlion and
with tho various modificotions. In asumo instances tlie docicase in
clmx w23 as mch as 0.31. Open!ing tho cowl "laps in addition,
Liowevor, would elways imorove crnd of ton eliminats eatirely the
adverse off'cct of tho cpen heods. Tals efrfect may have beon due
either to added turbulence in the air siream dols;ing the separstion
from the wing root, or to & favorable change in vressurs distribution
over the fusclase =2nd wing-root Junctura.

Of the seveoral modifications tried in an attompt to improve
the maximm 1ift of the alfrplano, e£ll succesdod to a greator or
lessor oxtont. The combination of slet uxtomsions and wing-root
fillets produced the areatest Improvement. The maximm powor—off
1ift coofficient mossured in this condition was 2,01 as coupercd
with 1.88 in the originnl condition. It is doubtfrl that any {
simplo modification would reduce the etalling spood much below that
moasured in this condition, as in somo conformations the stall was
starting farthor ocut on tho wing, showing that tho conter—section
stall (tho primary cause of the low moximmm lifts) was supprosscd.
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With powor of, the Maxwoll leading-edge slot was fcund to be
offective oniy when sxtended all the way to tho fuselago. Tho use
of a Maxwoll mlot that 414 not oxtend all ths way to tho fusolage
rosulted only in aggrevating an inkerently early centor-section
stall. With tho flaps down, this is also truo whethor ths asirplare
1s equipned with fillots or not, although with flaps up tho fillets
alono did efrect somo improvoment. Had the airplans been one that
normelly stalled first at the wing tips, it ig possibls that the
slots would have proved helpful as installed.

As the maximum 1iTft was raised by piozressivo elimination of
tho contor-soctlon stall, tho siall warning in tho form of buffet-—
ing was docreasod.

Except whon the flap gap was soalod, the stall was always
obsorvod to start on the wing proper; tufts on the upper surface
of the slottod doflector-plato flap woro novor observsd to fluct—
uate or revorso.

The simplost way of Increasing tho maximum 11ft was by tho
application of mcwer; ovor a small amount of powor delayod tho
otall at the centor section and effoctod a greater incrovese in
cha.)‘ than any of tho modifications tested. The main objoction

to the use of pover was tho fact that i1t oliminatod the stall
twrarning, and powor would not bo awvailablo in caso of engino failure.

With power on, tho airplano would roll loft at the stall with
tho slots closod, and right with tho slots open. A genoral
tendency toward high anglos of lght sidosliy and lerge less of
altitude vas also notod In tho slot-open, power-cn stells. A timo
history of a rather sovorc instanco of this is shown in figure 53.
It appcars that tho alrplanc started to reocover from tho resulting
dlvo at tho timo tho flap stertod rotimcting duc to tho incroasod
upoad.’.

Landins secopmondations.— Censideration of the data leoads to
certaln rocommendations forr landing tho test airplenc with Maxwoll
loading-odge slots.

. For minimwm powor-off lending speod, tho cowl flaps shculd be
kept fully opon. This practlce oliminctod adverso effocts of tho
opon hoods. Tho slots should bo clescd with tho unmodifiod alrplanc.
Tho stzll vwarning appoarcd adequateo and tho maximum 1ift was highor
in this condition,.




Jt 1s vossible that opuning theo originel slots, which koops tho =
outer wing soctions unstulled 4o rolatively high cnglos ol attack
(but not higzh otzl wing lirt), may give imprevod lutorrl control
in rough-waicyr landings with tho scaplano modol when tho nirceralt
1s bounced to an anglo of attack sufficlently high tc complotcly
stell the unzlottod wing., The powor-<off stell warning was vory
proncuncad In this condition.

For absoluto minimum lending spood, all tho power pessiblo
without climbing should be applicd. Tho stell waining in this
condition 1s nogligible,

Tho maximum anglos of nttack witk power en, or with slots open,
povwer off, when tho ceonter-scction stall was guppresscd wore from
20° to 25° Tho normel throc—-point lending attitudo of conventional
airplunea is 10° to 15°, Tho pllots found that practico and coro
woro nocozeary to porform landings ot tho attitudo corrosponding to
maximm 12ft. ZEvidently othor factcrs in the londing mancuver hed @
predominnnt offocto, zs ne conaistont difforenco in spsod betwoen
throo—-point und tail-{irst londings wns noticed in tho limitod
nwibcr of landing rovcords token. A time history of o powor—off, .
throe—point lznding with tho slot cxtensions and smooth walkway,
Tlaps down, slots, hoods, and cowl flaps open, i3 shown in figuro 5k,
Tho rocorded :'iapics at contact was 60 mlles per hour, or 1.5 nmilcs
per hour lowor than tho stalling spcod Tor that condition as glvon
in teblo IV, is Aiffercnco mey possibly bc nccounteud Tor by tha
crror in wirsrald  ronding cuusod by tho incrensod stotic pressurc
cround tho cirpleno whon it is close to the ground. Stontoacopo
rcadings mrndc on the ground in teko—offs showod this orror to smount
to about 3 milecs per howr for this nirplano.

Maximum Spcod and Drag

Excopt 23 notod, nll maximunm spcod rcsults roportcd in this
scction aro for LOO breke horscpovor, 5500 foot donsity altitudo,
and 480C pounds woight.

Freliminary flights indlcated that tho slot doors would blow up
plightly in high~epood flight, tho resulting drag incroasc causing a
roduction in meoximum specod. In tho presont tcsts 1t was noted that
vibration in flight would ceuso tho slot-actuating crank to rotato
approxinntoly ono-half turn from tho fully-—closod position. A hook
was thcen arrangod to hold tho crank in tho fully-closcd position.

A chock of tho high spood mado with tho slots thus closcd, and lockod
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clogod by monns of scrows through the deors thomcolves, showod no
difforonce #n high sncod.

It was found that installetion of tho suxilicry slcts roduccd
thu top spood of tho airplano 7 milos por hour.

To dctermine tho incresso in poerfoimanco, if eny, which would
rceult from proventing air flow through tho flep gap, idontical
flights woiv mzdo by ocsh of thrie 1ifforont pllots for sozled cnd
unsoaied flep conditions., Difforonces in piloting techniquo caused
considerablo scetter of the doata, but the genoral trond socmod to
indicato only ebout o 2-milc—per-hour incranso in lovel-=flight high
apocd when tho flap gap was soclod. Tho muximum spood rocorded in
thoso tests in the normnl conlition wes 176 milcs por hour
{fig. 55). A3 sozling tho flap =lso incronscd the londing spcod
concvhnt, tho offoctive spood wvange wos not approciably altored.

A monsure of tho drog cf tho unmodifiud airplanc wes obtaincd
by detcrmining tho pewer rogquiroed forr lovol flight in tho follow—
ing conditions:

1. Flaps up, slots closod, hoods closcd

2, Flaps up, slots opcn, hoods closod

3« Flaps sct for 16.5° defloction, slots closod, hoods closod
4, Flaps sct for 16.7° dafloction, slots opon, hoods closod

Tho results are shown in fizurcs 5% to 53. Tho large incroaso
in povoer requirod shown when the cowl flnps woro oponed may bo
oxcessivo, ns tho total-hond motor was soon to increnscv rcading es
the cowl flaps worce openod. The motar was colibrated with tho cowl
fleps closod. Tho comparctivo rosulis for the dilforont wing, flep,
and slot conformations arc, hovoevor, boliovod valid.

Tho partial £lap defloction is moon to havo roducod tho powor
roquiroed by about 7 porcont at low spcuds, but thc open slots
eppcar to have increcasod theo powor roguired by vorying cmounts at

cny spood cxcopt porhaps at tho vory lowost spoods with the flaps
doflected.

CONCLUDING REMAPKS

The results of tho tusts roportod horoin oro summnrizod og
follows:
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l. At tho contor-of-mravity pocitionn tostod, tho static znd
dyramic longzitndinal wnd lntorul stalility was, in Jonorzl, sntis—
factory. Tho 3lots hrd only minor oifocta on tho stobilicy
charactorisiicas.

2. Tho low mnximum 1ift coofficicent of tho test cirplanc wre
duc to en oarly contor-scetion stall. Opening tho Maxwoll slots

us originclly installed only agerovetod this conditlion, rosulting
in still lowor maxinuam 1ift.

3. Opcning tho hoods in tho landing condition (povor-of?,
flrps-Cown) usuzlly reduced tho moximum 3ift coefr'iciont considor—
ably. Cpuning tho cowl flape in addition prectically oliminated
tho adverse offouct of tho open hoods. &

4, FExtonding tho slots ell the wey to the fusolago oliminetod
tholr dotrimontal offoct on tho maximum 1ift, dbut the deercvaso in
leanding apood over tho slota-closod condition wrs only 1 or 2 milos
pcr hour,

5. Wing-roct £illcts nlono incroascd tho metimum 1ift to o
rrecticel dozioo only in the flap-up conlition. VWhen caombinod with
tho slot oxtunsions, thc "illcts also ceuced minell incrocsos in
noximem 1ift in tho flepga-down condition.

3. With tho slote opon in tho original condition, tho povwor—of:
stall vorning in the form of buffoiing end incrocsod stick travel
ond forcc noar minimum spocd was cxecllont. Tho powor-off stall
werning 16 bslioved to have beon adequato in tho slot-closed and tho
impreved slot—opon conditions.

7. Tho highcat 14ft coofficisnts worce obtainod with power onj
oven a small amount of powor hod as much or mors cfffct than eny of
thc meodificctions triod. With the centor--soction stzll eliminatod,
the stall werning wos poor.

8. With povor on, ond with powor off when tho slots woro
opon end tho contor-soction stall wus supprossod, the stelling
attitudo woe 20° to 25°, comparcd to 10° to 15° for the normal throo—
point landing cttitude. In n lindtod number of zctuerl laudings, no
consistont rcducticn in landing apood wvee cbinincd by going beyond
tho throo—yoint attitude.

9. Tho alots as originally installod might bo uscful in the
scapleno vorsion of the cirploane during rough-wator landings by
kocping tho outcr wing acctions unstallud and roteining samc measuro
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of latorrl coatrol when tho afrplrno is bouncod to on anglo of
cttack high cnough to s+21) the whole wmglottud wing. With the
slets oxtendod to the fuselegoy, tho same Toeturs would be prosont
with the eddod edvenlogu of lowor availedlc powsr—off lending
spuods,

10, DRcdueing tho drag of this airplenc by coaling the flat gap
did not 2nereasc tho spood range, as the landing spood wes incrceascd
3 woll ce tho high apcod.

1l. Portiel flap deflocticn roduced tho power roquired for
lovel flight at low spoods, but opening the slots Incrocsod the
drog in 21l conditions oxcopt at tho very low:oct spocds with flapa
decflocted,

Amos Acronnuticrl Loberatory,
Neticnal Advicory Ccamittoe Zor Aeronautics,
Moffott Fileld, Calif,
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Figure 3,- Detall of Maxwell slot installation, slots open,
Spoiler paddle dalance is also visidle flush with wing
ahead of alleron,
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Figure 5.- Sketch showing loocation of msan serodynamic
chord on test airplanc.
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Figure 7,- Typical sections of high<lift and lateral- l
eontrol devicves of test airplane,
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PFigure 8.~ Plan view of the horizontal tail on the test

airplane,
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Figure 9.- Side view of the vertical tail of the test
airplane,
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Figure 1l.- Auxiliary slat installed on test airplane.
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Figure 15.- Varlation of elevator angle with stick
position as measured on the ground with no load on
the surfaces,
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Flgure 17.~ Varlation of elevutlosr Tadb pusition with cockpit
control setting.
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Figure 1%.= Variat.ion

of rudder angle with left rudder podal

positlion as iieasured on the ground with no load on the

suprfsces,
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Flgure 19,- vartation of rudder tab angle with cockpit control
sotting,
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Figure 20.~ Varliation of alleron and spoller angles with stick
proslitlicn as measurad on the ground with no load on the .

surfaces. Test alrplane wlth flaps up.
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Figure 21.- Varistion of alleron and spoller angles with
stick position as moasured on the ground with no load on
the surfaces. Test airplsne with flaps 1/3 down,
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Filgure 22,- Yarlation of aileron and spoliler angles with
stick position as measured on the ground with no load on
the surfaces. Test alrplane with flaps full down, .
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Flguroe 2Z.- Variation of maximum movements of allerons and
spoilers with change in flap position,
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0 Flgure 24.- Friction in the lateral control system, flaps up,
B“ indicated by the stick forcc reguirad to move the ccntrols
on the ground,
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Figure 25.- Friction In the latoral contrel system, flaps 1/3
down, as Iindicated by the atick force required to move the
controls on the ground,
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Flgure 26.- Friotion in the lateral control syatem, flaps full
down, as indicated by the stiok force required to move the
controls on the ground,
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Figure 27.- Variation of slot opering with slot control cr
position,
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Plgure 23,- Characteristics in steady stralght flizht with
power for level flight. Test airplasne with hoods closed,
center of grsvity at 26.3 percent M.A.C.
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Flgure 28,- Characteristics in steady stralght flight with

i s e
power off, Test alrplane with hoods and ccwl flaps closed,
center of gravity at 26.3 percent M.A.C.
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Pigure 30.- Charscterietics in steady strasight flight with
epproximately 345 bhp st 2300 rpm. Test alrplane with
hoods closed dnd cowl flsps open, center of gravity ‘st
26.3 percant M.A.C.
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Pigure 3l.- Period and damping of the lateral oscillations.
Test airplane with flaps up and slots olosed, center of
. gravity at 26,3 percent M.A.C.
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Flgure 32.- Perlod and dnmping of the lateral oscillatlons,

Teast alrplane with flapa up and slots open, center of
gravity at 26,3 percent N.A.C,
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Flgure 33,- Ieriod and damping of the lateranl sscillatlons.

Test alrplane with flaps set fuil down and slots closed,
center of gravity at 26.3 percent M.A.C,
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Figure 34.- Period and damping of the lateral osclllatione.
Test airplane with flaps set full down and slots open,

center of gravity at 26,3 percent M.A.C.




Figure 36.- Characteristics in steady sideslips. Fower off,
flaps up, slots open, hoods and cowl flaps closed, center
of gravity at 26.3 percent M.A.C.
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Figure 35.- Characteristica in steady sideslips, Fower off,
flaps up, slots, hoods, and cowl {laps closed, center of
gravity at 26.3 percent M.A.C.
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Figurs 37.- Charaotsristics in stsady sideslips. 340 bhp at
2300 rpm, flaps up, slots clossd, hoods closed, cowl flaps
open, center of gravity at 26,3 psrcant N.A.C.
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Figure 38,- Charactsristics in stsady sideslips. 340 bhp at

2300 rpm, flaps up, slots open, hoods clossd, cowl flaps
opsn, csntsr of gravity at 26.3 percent M.A.C,
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Figure 33,-
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Characteristics in
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Flgupe 40.- Characterlstics 1

N steady sideslips,
flaps set 1/3 down, siots open,
closed, centepr

Power ofr,
hoods closed, cowl flaps
of gravity at og

26+3 percent Y.A.C
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Characteristics in stsady sideslips. 340 bhp at
laps set 1/3 down, slots clossd, hoods clossd,
owl fla; pl open, csnter of grlvu:y at 26.3 percsnt M.A.C.
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figure 42.- Characterietice in steady sideslips.

340 bnp at
2300 rpm, flaps set 1/3 down, slots open, hoods cloeed,

cowl flape open, center of gravity at 26.3 percent N.A.C.
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Filgure 43,- Characteristins in steady sidesli

|”....| Setachererterre
ps. TFower off,

flaps set full down, slots closed, hoods closed, cowl
flaps closed, center of gravity at 2€.2 percent ¥.A.C.
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Flgure 44.- Characteristics in steady sidesligs.

Power off,

flsps set full dovm, slots open, hoods clcsed, cownl flaps

closed, center of

gravity at 26.3 percent M.A.C
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Figure 45.- Characterlstics in steady sidsslips.

flaps sst full down, slots open, hoods open, cowl flaps

clossd, csntsr of gravity at 26.3 percsnt M.A.C.
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Pigure 46.- Characteristics in steady sideslips. 340 bhp at
2300 rpm, flsp set full down, slots closad, hoods closed,
cowl flsps open, center of gravity st 26.3 percent X.A.C.
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Pigure 47.- Characteristics in steady sideslips. 340 bhp at
2300 rpm, flap set full down, slots open, hoods closed,
cowl flaps open, center of gravity at 2¢.3 percent M.A.C.
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Flgure 48.- Characteristics in steady siceslips, 340 bhp at
23’30 rpm, flap set full down, slots open, hoods open, cowl
Tlaps open, center of gravity at 2¢.3 percent M.A.C,
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Flgure 49.- Stratch 1n tha lateral contrel system as measured
in steady aldeslipping flight., Test airplane with flaps
up.
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Flgure 50.- Stretch in the lsteral control system as measured
in steady sideslipping flight. Test alrplane with flaps
set 1/3 down,
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Plgure Sl.- Stretch in the later
in steady slideslipping fiizht.

set full down,
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Flgure 52.- Variation of maximum 1ift coefficient with power.
Flaps full down, hoeds open, cowl flaps open, center of
gravity at 32,1 percert ...A.Z.
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Figure 53, Time history of a power-on stall and recovery,
test alrplane with slot extensions and wing-root flllets.
Flaps full down, slots cpen, hoods open, cowl flaps
elosed, 700 bhp at £200 rpm, center of gravity at 2.5
percert X.A.C.
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Flgure 54.- Time hlstory of a three-point, power-off lanclng,
with flaps full down, slots, hoods, and cowl flaps open.
Test alrplane with Maxwell alot extersions and smooth
walkway.
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