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NATICONAT ALDVISCRY COLMIVTEE
ADVANCE RZ3TIICT

IS0N OF WIND-TUNEL: ATD FLIGHT ME/SURENENTS

P STABTILITY Al CONTAR0L OHAILCTERISTICS

,
L=20

AIRPLANE

~

ililam Hoven

Stablllity and control churacteristics detarmined
from t=8ts in the ILuasley L¢-fool pressure tunnzl of
a 0.,2575-3cale model of ©h uzlas Xa=26 alrplune are
compared with those meacsured in flight tests of a
Douglas A=-203 alrplanoe,

Agreement regarding statlic longitudlinal stanility
18 Indlceted by the elevator-Tixed neutral nolnt
thia varlation of elevator deflection 1a both stral
turning flight wes fouand to be jood excert at speeds
apprroaching the stull. At these low speeds the alrplane
possessed notlceably ilaproved sitnl.illty, which was
attribnted to pronouncyd atalling wt the root of th
nroducticn wing. The prorscvnce:d r»cot =stalling 4ld not
ocrur on the smonth, well-fatred model wing. LClavator

tab eflcctlveness deterninad ifrom model tests agrecd well

with flight-test tu fiectivenssy, but control-Lore

val tiong with specd and azccleraticon were noi In good

= Jadl§ it Al thoursh som iaor ancy w introduczsd by

W absence of a seul on thy nedel elevabor ur y small

rgnces in the determin a o elsvator flsctions,

1 n in control-{orce cheracterlstics was also
ty tho effacts of Tfubrie distortion at high
by amall construciion @ lerities such

o
1

g In tratliing-vdge snele. X . for tha v
wWiition, 1a waleh the tunnel ndicztod
rudder-forecs reversal at a hig ) enn the light
teste, agrsemsni in both ivdde rucder-{ree
atatic dlrectional stabilit: g 1 and airn?
Indlicrtions of stlck=lixed 1 shici ral
frect were also In zood sgroorent, me di
1 raometric dihedra ¢
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wing tendinz in flliskt. The use of mcdel hinge-mouaent data
ontained at zarc sideslln apweured to be satiusfactory for
thy srmination of alleron forces in sicdeslip. Falrly
ronod cerrelaticn uileron effectiveness and control forces

sas obtalned; febric distertlon may have besn responsible
to somes extent for higrer fli ht values cof aileron rerce
at ! aneeds. tatimatlcn of sidecslip devaloped in an
abrupt sileron roll was fair determination of the
rudader Jdeflecticn regulred itain zero sldeslip in a
ranid alleron roll was not 2ntirely satlisfactory.

3

N o
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aAlthoush the qualltative reliabllity of wind-tunnel
11ity and contrel test roasuvlts is generally aceepted,
very faw opportunlties have arisen for determination of
tne quantitative a reemsnt betuean neasured flying qual-
1ties of an alrnlane zad [{lying qualitiea predicted on
the tasls of model tests.

In connenstlcon wlth the Aevelopment of tne Douglas A=-26
twin-engine attuck beonber, a scries of investlgations has
been conducted at the Lanzley Laborutory of the Rational
\dvisory Commlttes for mnercnautics, These lnvestligatlons,
the results of iich huve not been nublished, Included
teats of a 0.2575-scale powered model of the XA-26 airplane
In the Langley 19-foot pressure tunnsl and flight Sests
of an A-26E alrnlune., 3y use of the unnublished wind-
tunnel datg, calculatlons have teen made predicting the
flyinz qualities of the airnlane for correlaticn with tho
characteriatlics measurad in the flin} este. The resultis
»f the rralation ure -~resented herein; the flving qual-
1ties are not cdilscussed except for the purpose of comparlson.

~
c
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Fhoto_ ruphe and drawin f e A-250 ul»plane and
the XA-2{ modcl are shown as flrures 1 and 2, respectlvely.

In table I zeneral dimensions wni sneclflicatlons are shown
for the alrplune and the niodel, as well as for the model
sczled up to alrplane slce. 3ome disc wancles of neg-
ligzible inportance sre noted in thia tavle but 1t can be
seen that, with respect to general dimensions, the XA=-25
snd the A-262 are essentlully the same airplane. is shown
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fizure 1, the model during the stebility and contral
v23 equipned with a fusela.c nose wwhlcehn was 8
from thut of the airplane. [he spinners snown
lel pronzllers were not used orn the alrnlane, and
rnlane oll-cooler ducts ouihoard of the nacelles
emoved from the model wing curing the stahllity and
2s5ts with the exeewntion of the aileron tests.

Szveral more si:nificant differences existed btetween
el and the alrrlane. Durling mos: of the tunnel
[ del rudder and ti 2levator, which were of
rariang =balance tyre, remained unsealed, but
irnlang control surfaecas were equinrped with rubbtgrized
3cala, T control surfases, all ef whiech were
~govered on the elrnlane, vere of rizld metal con-
struetion on the model. The airnlane ailerons were equipned
with balanclag tabs arrangsd so that S° of aileron deflee-
tion nroduced avnroximatecly 3° of onposite tab deflection.

On tha modzl the balancing tab when eonnectad moved 1°©
for a 19 allzron deflection.

s 1

A
canvas
fatric

hin m2tal strips weres fastened to the unpar and lower
rfucns of 3 alrnlans clevator causing small ridges
rictly in front of th2 tab. Thaese ridzes ware not

3ented on the meds1l, but yir effact on elevator and

c

rigstics i Lellov t » nerliglit .

111

The wind-tunnsl program ineluded a falrly extensive
ries of eonventlonal stablility und control teasts. The

el 1 afleron test ':u-? made at a leyaolds number of
approximutely 5.4 x 10° The rermainiy odal st
ware mado at u ileynolds numbar of approximatzsly 3.6 X '|O6
exeent for the tests at nizn thrust coafficlents, which
baeause of model moter limltations wers mgde at Revnolds
rs reduced to annroximately 2.6 x 106, The nortior
flisnt tests devoted to stability and control ware
e N for the nurpose

tyn us3uslly eonduetad y ¢t nJA
D

ng the flying gualitles of an airnlanz. The
airnluns, which varied from 27,000 to 31,000
£11;3ht tests, was assumad for the analysis
iatu to , 000 pounds corrasponding to a
f 51,8 pounds per sgyuare foot, Tho analysis
n alititude of 10,000 fact, which recoresented

in of thie flight=test wltitudes,

1

of the tunnel duta has bhezn made for condl-

ES

g alirplune rated er and ‘75~pereent

3 apnropriate air welght and s21titud

3
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and for a glidinz flizht conditin. In renresentation of

the zliding fllgnt coadition, it hins “Yeen assursd that .
ensines~-1dling and zero-thrust conditions uay he czonsidersd
identical. any discrepancy in rasults introduced by the

ifferan betwean these powsr conditions probgbly will

[ L]

In commating elavater, alleror, and rudder control
forecas Ir odel hinzo-momznt data, She corresronding
control linl 8 naasured on : irrlane ware used.

JOZFFISTEXDS 40D SVEBOLS
Oy levator deflecetinn, deyrous
Op flap deflection, dejre2s
6y tal ficetion, de;rass
Ch hinge-morent ccefficlent [ L

gbe“, .

Yy indlcated alrspeed, miles neor ur
by xlevator control force, nounds

T thrust cosfficlent [l
\p'\’duf

<O

ving-tip helix angle, radlans

oL 1ift coefficlent M)
Qe
wnere
H hing2 moiment, foot-pounds
b ting spun, feet
) root-mean~-square chord, feat '
q 1ymunic pressure, poundsa par square foot

(e |

"\
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25 dens -f:
et er second
t thrust (two propellers), -
propeller alameter, feet

g veloclt adians per cecond

rea, squarc I
f attacik, dear

I atte "k,

.rqw‘y; + 4 5

2 T - 2T
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Lengit nl Stebillity and Centrol

Curves of clevator anrle r control force
requlred trim in stralght [lig] roughout the speed
renge EBre v in figure 3. Var e flas and power
conhinstione are considered et three center-of-rravity
locations. For the flaps-retracted conditicns, the tunnel
control=force curvss were obtained by applying the tab-
affectivenzes data of flgure [ to t tab-neutral curves
eslimrate ‘rom tihe tunnel hinge-woment data. The amount
of tab deflection required to adjust the tunnel curve for
trim =t th light=tezt trim sneed was determined fnr each
newar condition 1 center-of=-pravity location, and this

tat deflectlion was aasured constsnt iroughout

€ ! renge. Inasnuci 88 o 1l tram-tab tests ware
not made witli flape deflected, the trimmed control-force
curves for this condition re obtalne oy neans of a
constant adjustment to esac riginel curve nof Cy
x b 4
against C,. Tiis constant himie-mm~ment shift is kelieved
Ly

justified becauce tne data of figurs l; indicetc a negli-
gitle chiange in tat I'fectivenes / chanic in power

(fle retrocted) and becsaus lysis of stebilicer-
effec s data indicates tt t variation in
3 : :ic-pressure rat ; ced is smell for
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the flaps-defliected condition. 'he flacs-deflected

a8

control-force curves for zero trir tao are included in
ligure 3,

The sidesliop reguired for straignt flight at lew
eeds vias ccnsldered to have 3 negligitle effect on the
longitudinal characteristics of this airplane; hence, the
characteristics deternired from tunnal data ere bassed on
asts et zero sildeslip.

The varistion of tab elf'ectiveness wita
been cnlculated from flens-retracted wind-tunne
made at elevator-tab settings of 2° and -3°
arid 1s shown in {igure i, comperad with the
curve.,

Slevator deflections and control forces in steady
turning flizht are snown in figures 5 to 7 for various
conter-of-pravity locations. The celculated results are
Hesed on tunnel tests at the thrust coefflclent approxi-
mately corresponding to the appropriate flight-test
conditions.

3]

r
=
&

Althouzh some small differsnces exist in tiie absolute
slevator eniles, thue slepes of the carves in figures 3, 5,
d arreement bDetween tunnel and rlight results
> boti: streolight end turning flight, except at speeds

lcse te 18 stall. At these low soeeds, tae flight dsta
show pronounceu increases in the smount of up-elevator
movenent required for speed reduction in straignt flight.
Thess niarked increesses sre not avpparent in the tunriel data.
This discrepancy in results ig belileved due largely to the
fact that the nroduction airslenc exinibited n decicedly
more definite stall at the wing root bthan did the smooth,
nligihed model. Althousi: 2irect comparison of identical
conficurations is not ssibl ! iii'crence in stalling
chieracteristics et the win; 1 by tre die-
rrens of tunrel ana flight-t tudies saowvn in
‘igzures & an . The more root stalling on

¢ sirrnlane would, in sll s L 1t: accomnanied by

2 reduction in dowrvasih: an ¢ ¢ at the nori-
zontal tail ass well ps s

1 { snow D

1 tening mouent,
resulting in en irnreve ibility and reguirin
reater up-elevator def 1 . At hi r air-
spee:ls e agreonsent t ‘ nd tunnel recults is
reasonnbly ccnsisten » itel of

nosuract
both.
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The tunnel ht curves of elevator-fixecd nszu-
tral moiat : I airspeed in -‘:ura 10 for the
fluns-ncutral i ree to within spproximitely
2> percent of ti in aoerodynuamic chord except at low
specds witr L nower., This differance 1s practically
withi he bounds of' the exparimeantul accuracy with which
the fliciit and the wind-tunnel rcsutral noints are deter-
mined, e discrenancy increases with reducsd airspesd
as iirplanc demonstrutes comparatively greater stability.
Bacause of the difficulty ia obtaining consistent neutral-
point raecults, rarticuvlurly at very hisn alrsneeds, neutral
voints wer ot determined for thase spaeds. The curven
of fisure 3 serve 49 u :mousure of the stubillity in the
hizh-spced range snd are, in fuct, helieved more rellable
for comparison throughout the speed ranze than tha neutrul-
peint curves, Although the curves for the flups-deflscted
conditions arc incluvded for couiplatcness, direct comparison
should not o2 mude inasuuch as flun settings used in
flight and tunnel tests were not identicul.

Examlnaticn of the straight-flight ccntrol-force
curves of fiymure 3 reveals comparatively noor agresment
between :‘A.rl uu flighit results. he force measurements
shown In the b-effectlveness curvcs of figure L, however,
ara in ax nl’rnt szreement ., Toth flight and tunnel contrcl-
force mzasursments are bellieved Lo be uccurate to within
anoroximately *3 pounds. Althoupgh scme discrepancy in
the elevator control-force curves of fimure 3 would be
exnccted becanse cf the ahsence of a seal on the model
elsvator, analysis based on orief checit tests in which the
model elevuator was ssaled iilcated that differencas of

i nitude shown in fisure 5 cannot be attributed to
ffects of the elevator seal. In un eflort to deteimine

he cuause of the disagreemgnt, the effacts of the discrep=-
ancics in clevator deflaction ra 1vestigcated. Hypo-
1.-‘911 control forces were ¢ from tunnel hinge-
noment data by using the values levator deflection
etormined f» flight rather tl 3> determined from
tunnel dnta., For thess compu le wind-tunnel tab-
effectiveness data vwere used, ! tab doflection was

nloyed ir flisht surves obtainesd

in is mannar ar wip in £ coianared with the
"light-test dmta. In gzneral, ! in fizure 11
appears considerably 1lmnroved; 1 flizht con-

it S, in faecl, agroenent le up to specds

yove 200 mlles psr hour, bey i flight-test
curves coeme notliceubly more ] his differance
may 1} #Zznlalnad to some oexten scrvations of
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elevator-favric distertion and internnl regsures na-de
luringz the f'light tests. The internal pessures ware
found to be only zlightly ailpher than free-stream static
ressure, causineg faoric distortion of the tyme 1llus-
treted in fipure 12. Ac demonstreted In reference 1,
elevator-fabric distortion of thiz tyne nav be a:pected
to preduce 1ncreases in the verinticn of fopes witl:
airsnesd at high soesds. Inscswuch as the fleps-retracted
fiight-test trim spesds of ficup: Z are all in this
rh-speed range, tne trlm-iab deflections required to
trim tze control forces cowrubet frem tunnel data epe
{ifferent from the tab sagles wused in Plight, 2nd the
control forces originally cow-uted from tunuel ista
(by using the sount of tab seflzetion required focr zero
force at the high-spsed flicht trim nt) could not be
excecied to arres well with the flipht control forces.
The lack of agreerent in tie originel resalts was
further agoravated oy the elevateor-daflectimn differ-

5

2ices at low speeds, coused oy the root stallinre effects.
» k

In edditicn the elfacts of slevetmr-cellection
iifferences, fabric distertion, &nd sievetor 178D, agrcee=-

mer:t in the control-force rezults ic bolieved te be
influeiiced by swmall but sicnificent construction discrep-
encies es, for exemnle, differences in surfsce conditien
ard ral_ing~-sdgs angle. A’ renresentative zectign
the trailing-edps snzle wm2nsured on tne model elavator
wss 12.7°, whereas the correciendin~ snrls reasured on
the airalrne was 11%°, jone of these elffeats rould ve
expacted to Influencs arprociablr the acreenent in tab-
ef'factivensss results.

As sesn iIn flisures 6 anad the {light tests show

ldereblr sreater variations of control ferce witn

accelerstion, ani the veluss of r ep show con-
lerally rester verintlion witn center-cf-gpray ty

cation, =ithough the elsvatcr-Iree msnsuver »ecint

e abgsence

f an ¢ vatoep : : ! 1#niflicant
in recenlc i atr ) s control
feress were eestl ‘a1 ! he unseeled

< i1
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-

he respactive valuss of O70L/26s and dCL/dat uscd

n these cecmputations were -0.0037 snd -0.C013 for the
msealed elevator and -0.0050 end -0.002%22 for the sealed
2levator. The resulting curves of fcrce ner g against
center-of'-7ravity location are shovm in ficsure 1%. The
cu

o

ve for the unsealed elevator 1s wractically idsntical
b at oreviously determined for ths unsesaled
lavator (fiz. T7) by the methioa of reference 2. ~or the
sarled slevator the values of [orce per g are still
vary much lower than the flight-test veslues, althoucsh
he variation of ”e/p with center-of-gravitv location
¢ more nearly narallel to that determined in flight.
The comnerison of control forces In accelerated flight
re5 beeu made st a felrly hich soeed. Reference 1
1cates that febric distortion of the type exvericnced
the A=20R Pflirht tests mey be expected to produce
creeses In the verletion of force witi, acceleration
e nornsl center-ol'-gravity renge snd in the
rtion of force ner g with center-of-gravity
cation. Thls comperison as well as thst for straight
t would alsc be iInfluenced by any differences in
ntrol-surfece construction.

Arreexent in the curves of zleveator-frze neutral
ot airsneed (fig. 1C(c))is rather or and
12 as the sweed increasss, he flight-test
neutral yint moves ranidly rearwvard
snecd, and at high sneeds tirie rirplen
table with elevatcer [re then with 2levatcor
e elieved thet r lar reerward shiflt
vator-ree neutral voinft with increasing alr-
a2 result of the fabric distortien.

In gesneral, the vresent correlaticn Indicates that
f1l vrediction of elevstor control-force charac-
t=2ristics from wind-tunnal date can e made only if
ctrere care 1s used In reocresenting closely the alir-
snie in Its construction form - particularly with regard
tue control surfaces. Agrcerent with filght
wrements nifhit also ve improved consideravly 1if
s such as fabric distortion could be taken into
nt. A more beneficinl solution, l.owever, would
minimize these eifects iIn the construction of
alrplane.
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Lateral Stability eand Centrol

Steady sideslip characteristics.- Cherecteristics
of the eirplene in cteady sideslinz, which are used
as flight-test meesures of diresctional atability,
lirectional contreol, dihedral effect, side-force
ciiarecteristics, and pitchilng nomant due tc sideslivp,
are shown in figure ;. Although comolete hinge-monment
date for the model ailsrons and slevetor vere not
obtained in sideslip, aileron forces in sidesllip were
eatimeted from the tunnsal data by taking into eccount
the change in effective sngle of attack due to sideslip
but assuming no diract chsnee in aileron hinge-roment
charecteristice witnh sideslip.

For both 1dling end rated-power flizht with {lsps
retracted, ficure 1l snows excellent azrzermant in the
varietion of contrnl settings, erzle of bank, and rudder
force with sideslip, elthourii come difference exists
in abhsoclute values. CSome of the dirference in sbsoclute
values may bs due to the fact thet mncdel tere testa
ware not made in sideslin. IU 1ls especially interesating
to note the close sagreemsnt in the variation of eileron
enele with sideslip, which ssrves es o flight-test
indication of dihedral effect., It was found in the
flicht tests that the airnlens wing in normal flinsnt
asneared to bend unward noticcalbly with respect to its
rosition at rest. Desolte tne wing bending, however, the
emount of effective dihadrsl determined froa flight
tests was salsn found to be no greater thun tnat which
would ordinsrily be ex»ected for en rirplane of this
type with 4.5° of gecmetric dihedral. Anelysis of the
slastic nrenertlies of tae model winz under load indicates
thet the nodel wing bending wes negli;ible. On the basis

f the a-reement bstween nodsl and rirplane results,
it o pesrs that tho cobserved alrplane wing bending may
have had very little effect in !nc*tf;iﬁr the dihedrsal
effect bevond the normal amount for L.5° of reometric
dinhedral. Further Informnstion regarding tie elasstlc
nroverties of tiie a2irplane wlng end the effects of
these »nronerties would have “een decireble but wes
not avallirble. Comnarison of the flight end tunnsel
aileron-force curves a>d’ears to indicatz tnet little
error was introduced in determinatlion of the lattar by
the assumntisn that silsrcn hinge-mcment characteristics
remained unaffected by leslip. The sidesli; charac-
teristies with flajs deflected not agree as closely
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a5 ¢o the flaps-retracted characteristics, »articularly
in the case of the sileron-deflection and rudder-Torce
e
vard reversal in figure lli(c) but do rot actuslly
rse as in the case of tiae model forces. At an
eed slightly lowar than that for which the data
resented, however, ruddsr-force reversal did =zposar
> flignt tests in this weve-off condition.
iral effect with flans deflected and rated powcr
eed appears somewhat lower in the tunnel
ents than in the fliclit data. The flep deflecti
was 5% greater on the model than on the air-

In figure 15, rudder hinge-morient chearacteristics
stinated from flight-test rudder klcks are cormpared
ith rudder hinge-rmoment characteristics measured in
1ic tunnel tests with flaps retracted. Although the
iodel rudder hinge-morent and force results are for an
mcealed rudder end are also aubject to effects of small
irfree and trailing-edge irrcgularities as in the case
" trie elevator results, agreement in this respect is
. As previously shown in figure 1li, the rudder
rces steedy sldeslip are In gocd arreeinent for
flep condition: In regard to rudder hinige moments,
tumnel results, which showed n sitive velues of
spameter OC0,/ G for the rudder, Indicated that n
r onakinpg would occur in flight. Thls indicatie:
Irmed in the flirht tests,

Ailercn chsracteristics.- No tunnasl tests were made
Lizate elleron characteristics for the %:8 tab
witih which the eirzlane wa: tested. If, howcver,
ab elfectiveness 1s assumed, thesc character :

s-retracted condition czn be estimated fr
esults of tunnel tests of the plain aillerons and
nilerons with a 1l:1 balasncing-tab ratio. Estlmates
trol Torce and helix angle mede In this menner
ared wita rligat measurements in figure lo for
2eted alrspeeds of 125 and %c3 miles per hour.
2 ended in refer=nce 2, helix engles were
rb 0.0Cy .

ated es -, where Pz is the total al

e Ciy
Ing-rmoment coefficiant and a value of 0.5 a
as the damping-moment coefficient Cj . Although

k

iertions. fhe flight-test rudder forces show a tendanc;

I,
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the ergles of attack selected lor these estimates
corresp»ond to rated-powsr flipght at te arsropriate
sneeds, the rnodel alleron data ware obtaired in pnower-
off ctatic tests. Inasmuch as the tunnel measurenments
were made for rigat rolls only, the tunnel estimates
are exactly symmetricsl for right end left rolls,
v.asrees the flicht results are not. Agreenment in the
curves of helix angle is excellent In the range where
comnarison was nossible. There 1s, howaver, some
indication theat the tunnel estimates, hased on the
arbltrary 0.3 factor, might be slightly eoptimistic for
hizh deflections at high spead. At the low airspeed,
ezreerant In the force curves is good excent at the
highest aileron deflect:ions, where tiie control forces
for given aileron deflections sre slizhtly higher in
the flipht records then In the tunmel estimates. At
the hizh sn2ed, the contrecl force required in flight
for a total alleron deflaction of 14” 1s approximately
40 vounds (or 73 nercent) grsater then the force
indicated by the astimnted zcurve. The grester dizs=-
crepancies In the control forcez at tihe high speed are
believed largely due to the eifects of sileron fabric
distortion. As in the case of tae elevator, the
aileron fabric was found in the flight tests to undergo
considerable dlistortion st this high speed. The
licstortion was In a direction to produce higher control
forces.

If the assumotion of linear t=2b effectiveness 1is
not entirely valld, actusl wind-tunnel testus witi =
3¢d tab linkage would indicate the control forces

rewliet lower tihsn those estimeted herein for the
528 linkage at the hisher deflections.

Siaes dus to alleron deflection.- Curves of
sidesTl % iz rolling velociiy against time in
an obrunt ~-#ix2d sileron roll out of a 30° banked
turn ar irure 17. TIn addition to the simpli-

Tied i i 3 of ref'erence 2, ihe izotlons have
been cr 1 b; 2 cperatlonal retliod of rafsrencs 7
and also t trs tabular-integration mstlicd of reference L,
in which sl varistions in the curves of roiling-
moment, yawing-unoment, and alde-force ccefficients

arainst esnzle of videslin are taiken into consideration.
Thiz method of tabular Intogration has been showm 1In
reference 4 to be more rellahle flor gensral use than
methods requiring the acssunotion of constant slopes.
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0.2375-scale powsred model of the Douglas Xi-25 airplane
lzave been compared with results of fltght tests of a
Douglas A=-26B alrplane.

The slgnificant results of the somparison may be
swmarized us follews:

1. Good correlatlion was 2o%talned regarding elevator-
fixed 'bUthl poluts and the variatlon of elevator
daflaction Iin both stralght ond twrninzg flight except ut
apeeds spproaching the °ta11. At theose low spseds

he alrplsue showed a dlstinct Ilmprovemsnt in stubility
not Indlcated by the nmncel tecta, The difference was
attributed to t”e fact that ths prenounced stulling ab
the root of the »roductlon afvplane wing did not take
placo on ths smostl, well-Tuired mudel wing.

2. The varlatloiis of elevator control force with
airspesed snd accecleratlon wore nol ia geod agresment.,
Althougli some Alacrcpaney was Indroduced by the ubsence
of a seal on the model elevator and by small differences
in abaolute valusa of ¢levator doflection, the coire-
lation 1n control-forceo chacacterilstics was ulso
influvenced by the effacts of Jabric dlotertien at higa
speeds and LY small constructlon dissiwllaritlies such
as differences in tralling-adge angle.

%« Elavotor tab effectivensss as Ceterminad from
tannel deta was in good agrecwont with [light-test tubd
offectivenes:,

L, &agreement In both rudder-£ixsd and rudder-freo
static Qtrn tional stavllit; was guod except in the
wave-off condition, In whici ths model tests indicated
rudder-force revsrsal at & higher speed than the flight
tacts.

5. MNodel and slrplars indicatlions of stick-
Ffixed and sticke-free Alhedral effect ware 1in good
agreemant, although some rlight diiference in genmetrlc
dihedrsld may have oxlstaed becauss of wing vending in
flight, The uss »f model b4n;;-10w ;nt data abtained at
zoro sldeslip apveared to b t;s factory for the
termination of alleron fOfuuu n sideaslip.

€. Fairly zood correlation in alleron cffectivenass
and controel forcos was ohtalned, Pubric distortion was
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Figure 4. -Variation of elevator trim-tab

effectiveness with airspeed.
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Edge of, ,a[cz‘urgx

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Stalled

Figure §.- Diagrams of stall progress=ion in the gliding condition.
Bngines 1dling; flaps and landing gear up; cowl flaps closed;
oil cooler one=half open ; Douglas A-26B airplane.




NACA ARR No. L5Hlla

[ J Lhsroded

\I Crass Flowin
'W diégchan
o orrons

WIS T MRORATIH
Frgure 3. ~ Fower-ofV siall dgrams for the Q2375 scofe mocke! of the XA - wrplane.
Standard mode! configurtion with awrplane ol -cooler AN Es; Reyriokds mumber, 4.5 «

Meach numbe i Ep =0




L5H1la

NACA ARR No.

bl LgonosLs Ul
PoRSIID Ygim JUIOT [D4NBU 4O UOHDIHLY] -y 24nbi

J044roU $AD|L ¢ POXIY 4040/8/7 (O)
yow ¢ ) “pedasiio YY1k 21V/]

ozz OoZ 09/ 09/ or/ ; oﬂ\ oo/
| |

SILAVNONIY 804 TALLINMOD _
ANOSIAGY TVNOLLYN

4
—7C

_.
I

[
—
| |

== _mw
| semod—

—| PaLo -
2461 4 ——— H/Ls\_oo\ ol oY,
- meu\mQ. o

——9¢€
~0-2 | |
_

B |

|
L—or
||

YA Jua243d ‘gu1od [D44NBN

M)
-~




L5H11a

NACA ARR No.

PaNUIIUOY -1y 841b/
08423[4d0 $AD[) tpaxl) 4o40A8]F Q)
yow N poadsiio  L8L02IPUY
oze O_QN ogr 09/ _Qow _0O¢f 00

o

SNLINYNOYIY W04 JILLINMOD
AYOSIAQY TWNOILYN
+ | T

_ | _

!
1

140 f ———
jpuun ——

VYW LUd2480 {yuIod j014LNB3N/

|




o
o
—

Fig.

L5H1l1la

ARR No.

NACA

"P3PN/2UO ) -y PSOU\
/o4Lndeu S/ f8a4) 4040N3)TF (2)
Yaw ) ‘paadsuio s Lo2/PUY

occ__0o0Z 08 9/ or/ oc/ 00/
_
[ P
SOULAVNONIY 804 TILLINNOD = O aN
AMOSIAQY TYNOILYN _ _ | C
1 4 ~
__ __ m | A
, 1 JoMOd _ $7 =
S e 07 e o=/ R
- o
S \\EJ/LTA. _ _ M
7 JP-!!A.“» i . _ %N ‘d
o, < - S JaMOO' 08 L0 Q
261 4 — — — E 2 e o /U8 0480-¢/ __ - Q
g |
fpuuny | 3
| ~Fr 1 o _
_ 1~ _ NN / _ W
¥~ % ' 0: 2. _om, X
/ “ O
_ 271 or




NACA ARR No. L5Hlla

g il

L—1

ol <o)

0O

&, cg. o
(og) (peritnrrtil) Tuma~ Fligh
23 up 32.0 = o)
LTup 276 e
l2up 232 e &

o - -

R
L@
o
S
2
-
S
R
Q
Q
<
S
N
2
N

03

O

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
1 "

40 ] - .
00 140 /80 220 260 300
Indicaled airspeed, V,, mph
) Flaps refracted; rated power.

Push

Figure /[-Variation of elevator contro/ force with
inaicated airspeed. Mode! elevaror and tab deflec—
tons 1aentical with flight-test settings.




NACA ARR No. L5Hlla

S

Pull

| —1 e
P 19 lo S
A c g R i U
t A
(deg) (percent MAC) Tunnel
20 up 3.9
1.2 up 278 —_
0.3 down 22.9

Q
K

n
9
S
L g
S
g
O
Q
L
%’
N
Q
W

o

. NATIONAL ADVISORY
40 COMMITTEE FOR AERONAUTICS

/00 /40 /80 220 260 300
Inaicated airspeed, V., mph

Push

(b) Flaps retracrea; 19-percent rated power:

Frgure ll.- Continued.




NACA ARR No. L5Hlla

5

Pul/

o) g
(detg) (percce/%'/"ma)
23 a0 320
L7 up 274
[2up 230

N

Q
L@»

”
3
S
S
S
Q
R
O
9]
L
3
o)
N
Iy

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Fush

100 140 /80 220 260 300
Indicated  airspeed, i, mph
) Flaps retracted; [.=0 .

Figure /l.-Concluded.




NACA ARR No. L5Hlla

V; =360 mph

——
e ————

V=370 mph -T

@ at 28 percent MAC.

Approximate
pant of fabric

ottachment
_ o ' Vi» 300 mph

I

————

g~ —

p— =
pp—

Vi=320 mph -
caat 28 percent MAL

No-load fubric tension, 2.7 1b

Jection wnder no lood

Section i flight

Vi=170 mph
Elevator section 842 mn. from cenfer /ine
airplone NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Frgure /2~ levator-fabric distarfion at

various indicated airspeeds, Douglas A268
arrplane with center of qravity at 32 percent
MAC except where rofed.




Lbiff BUILLRL fiprdLs uomod paros 0 -#0

BPILLID [O0F-000 O/ o 410l 430 Sj1ut 0QF = Y S40IDNE)8

P3S/O3SUN PUL PS08S JQ) PALOWILSD UOLLDIOY A LINOIO ~j0-101U3D
ULIM LUBIDD IO 3DUM0f~[OLLUOD JOLONBID JO UOIIDIIOA-EY d4NE1/

SOILNYNO¥IY 804 JILLINWOD
AUOSIAGY TYNOILYN

YWY AU82400 CU01L0D0) hpino46-40 194U

L5Hlla

NACA ARR No.

44 ge 14N oe 9¢ cc g8/

4//
~N

IIIIII/AW
LT~
N\ P303SY)

T~

T
N
N

~

O ud qy
$LUBIDOIO B8D4Q) - fOLUID JOLDNS] T




NACA ARR No. L5Hlla Fig. l4a

Control

1 Flght Tunnel
Rudder — ——
Elevator - —

0] Aileron -
(rotal)

Q’L}H:’Jp
N
.

= |

70N, deq,
S

o/ posy

gnf
Lef?
S

oS

b
Q

Ay
Rght
S

8
Q
5

— Tunnel
A Flight

aeg
Q

e

Angle

8

Aleron force,/b
o
Ruader force, /b

N
~
00— - L

S

L B | NATIONAL ADVISORY

) | COMMITTEE FOR AZRONAUTICS
200 2J“_‘“o 0 0 20

Left  Swesip angle,deg RKight
(a) Flaps retracted; rated power; V;=i4/miles per hour.

Figure 14 - Steady sidesiip characteristics.




NACA ARR No. L5Hlla

U
/?/thp

Control
Firght Tunne/
o
(o]
la]

» oeg

Rudder ———
Elevator —-—
Aileron ———

(toral)

S

Lefr

Control  position

wr)

Do

Rrght

$
8
Q
o8
g
AN

Left

Right

roree, /b
o
S

o]

e —

3 o
Rudaer force, /b

Ateran

Lefr

" G e R
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

s

- i - _.l - . - T |
20 J 0 /0 20

Left  Siaesup angre, deg  Right

(B Flops retractea; 122053 V=133 mules per hour,
Figure 4-Continued.




NACA ARR No, L5H1la

/?/qbg‘/o

" ) L TT—L—T Control

| | Flight Tunnel

Rudder —
=g > Elevator -
! Aderon ——

(total)

Do?vonnfm/ posr1ron, deg
Lert

Rrght

X
8
o8
2
<

Lert

&
Right

Rudder force, /b

Lert

Ateron force, 16

S

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

20
Letrt  Sidesip angre,deg  Righ?

200

(9 Flops deltecred; rated power; =111 mites pey hiour:
Frgure 14.-Conclucied,




L5H11la

PELI04Sl $AD)y 4noy 4od Sof Op=IN JO AUSapIS Jo albup puD
UOI{D3/JAP JOPPNI ULIM JUBIDI{JB0D JUBIOW-BbUIY JBPPNI JO UOIHDIIOA - T/ 8INbiy

SHLNYNOLIY ¥0J 11LLINNO0D
AHOSIAQY TYNOILIYN Dmb b@\u
“D6UD CI/SIPIS U ABUDY ) U0IL 23130 J3ppPhI Ul BbuDY Y

Lybr> 497 LY0Io 1407

L0 ooz oZ_o 0
T T T ]

NACA ARR No.

44

S S—-

A
S

—N—

B

> puswows-ebuiy wr abuoy

490
bunpl n £43//3d04~ -
P40 o PO
24bl) o puuny

LOILIPUCS  4oMQ

LUB1214130

1401




NACA ARR No. L5Hlla

Rrght

[

—

£
N
S
£
g
b
5
Q
g
5
g
M)
Sy
€
2
S

\ismoh
Flighr

35
383 a

»-!———'—:I

T i'T I
! y 3N d
-Jr 4 A‘f

i

N - + 4 ~
P |
FH T
—T 44— +
= | 1

1 N NI

= 4
T
HES

08 ¢t L T 1 1 i
4 30 20 /0 O /o 20 30 40

1 A i

Helix angle,pb/iV, radian

ert Charnge in total aiferon angle,adeq  Rht

Figure 6. - Variation of aieron wheel rorce and helrx
angle pb/V with change in fotal ailleron angle in
rolls with rudder fixed, rligps retracted, arxy rafed

: , NATIONAL ADVISORY
power COMMITTER FOR AZRORSUTICS




NACA ARR No. L5Hlla

Roliing velocity,radian per sec

Reference 4\ Calkcu/ated from
—-— Reference 3} wind-tunnel data
~—--—Reference 2

——=— Fught

Jides/ip angle,deg

2 16 20 24 28 32 36 40

nim e, sec co::l:'t‘::?u‘zvmm'so"m

Figure [7.- Rolling velocITy and siaes/ip Quring arleron
ro/l out of 30" banked turn. &=0%\V;=idS/miles per
rour ar1QooC- oot alfitude ; fevel flight power.







TIMLE: Comparison of Wind Tunnel and Flight Measurements of Stabillty and Control
Characteristics of a Douglas A-26 Alrplane

AUTHOR(S): Kayten, G. G.; Koven, William

ORIGINATING AGENCY: Natlonal Advisory Committee for Aeronautics, Washington, D, C.

PUBLISHED BY: L4 y ol
AW BSOC. CLAS. J couNTRY 1 LANUA 4 L TLUSTRATIONS - w R
Mar '48 | Unclas U,8 Eng, 32 20 . photos, tables, dlagrs, graphs
ABSTRACT: , i *
a—
Tests in Langley pressure tunnel of model XA-28 bomber were compared with those of
A-26B (twin-engine attack bomber) and showed that static longitudinal stability, indicated
by elevator-fixed neutral points, and variatlon of elevator deflectlon in straight and
turning flight were good. Alrplane possessed improved stability at low speeds which
was attributed to pronounced stalling at root of production wing. At rudder-force
reversal at speeds higher than those in flight tests, agreement in rudder-fixed and
rudder-free static directional stability was good. Hinge-moment obtained at zero
sldeslip was satisfactory for determining alleron forces in sideslip,
DISTRIBUTION: Coples of this ¥eport obtainable only from Originating Agency.
DIVISION:  Aerodynamics (2)° /' 7 \SUBJECT HEADINGS: Ajrplanes - Stability (08467); Alrplanes
SECTION:  stability and Control.p} .| | - Control characterlstics (08393); A-26 (08393) (08487)
y /

ATl SHEET NO.: R-2-1-43 /
73 rerer

Dep AIR TECHNICAL INDEX Wright-Patierson Air Ferse Base
Dayten, Ohle _|

Division,
Alr Meterisl Command




UNCLASSIFIED PER AUTIORITYs INDEX
OF NACA TECHNICAL PUBLICATIONS
DATED 31 DECELBER 1947.

/4 g ./ /¢ rcm.gﬁ"
o ﬂw HDAMAC 56 éi'/ '*,}

ﬁmﬁox 4/‘VC‘V“#
/32



r

AVl- g419
TITLE: Comparison of Wind Tunnel and Flight Measurements of Stability and Control CRVISION
Characteristics of a Douglas A-268 Alrplane {None)
AUTHOR(S): Kayten, G. G.; Koven, Willlam o, AGTRET KO,

ORIGINATING AGENCY: National Advisory Committee for Aeronautics, Washington, D. C. | ARR-LSH1la

PUBLISHED BY:

[~=) £OC. CLAZS. cRmy ArTIAey M3 ALSTARSS
Mar '48| Unclass] u.;s, l Eng, . 32 l 20 _photos, tables, dianys, graghs

ABSTRACT:

Tests in Langley pressure tunnei of model XA-28 bomber were compared with those of
A-26B (twin-engine attack bomber) and showed that static jongitudinal stability, fedicated
by elevator-fixed neutral points, and variation of elevator deflection in straight and
turning flight were good. Alrplane possessed improved stability at low speeds which
was attributed to pronounced stalling at root of production wing. At rudder-force
reversal zt speeds higher than those in flight tests, agreement in rudder-fixed and
rudder-free static directional stability was good. Hinge-moment obtained at zero
sideslip was satisfactory for determining aileron forces in sideslip.

DISTRIBUTION: Coples of this report obtainable onty from Originating Agency.

.

DIVISION:  Aerodynamics (2) SUBJECT HEADINGS: ayrplanes - Stability (08487); Alrplanes
SECTION:  gtability and Controi (1) - Control characteristics (08363); A-26 (08393) (08487)
ATl SHEET NO.: R-2-1-43
h-Pattorson Alr Forco Deto
Alr Dmﬂ;'h; mvl:!m, t=clliponco Dopartmont AR TECHNICAL INDER Wrig! ety _




