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. NATIONAL ADVISORY COIGIITTEE FOR AERONAUTICS

1EIORAI'DUIl REPORT
for the

Burcau of Acionautlcs, Navy Departuent

CORRELATICY OF VIND-TUIIEL PREDICTIONS WITH FLIGHT ‘
TESTS OF A TWIN-ENGINE PATROL AIRPIANE, II ~ LATERAL~ AND

DIRECTIOHAL~STAEILITY AlD ~CO'TROL CHARACTERISTICS {

Ty #oel X, Delany and William li, Kauffman

SUIZARY

Tre lateral- and directinnal-stability and —control
characteristics of & twin—engine patrnl airplanc as precdicted
from the reccsults of wind-tunnel tests of a powered madel and
as mecasured in flight arc esupared in tiiis repnrt, The
predictiong fron wind-tunnel-test data werce in gond agrecnent
with the flight-—test results, The reeults sihow that such
predicted flying-qualitics characteristics arc sufficlently
aceyrate 2 incleatc the unsatlsfactory latcral- and

rectifnal~stabllity and —controal characteristics of air-
plancs in the prelioinary desirm stazo. The wind-tunncl
data nay btec used tn deduce the chici reasons for thcesc
unsatisfactary characterictics and to indicate possible
rethinds of impravciient,

IITRODUCTION
During the past several yecars, tic flying cualitics of

various airplanes have been cetinated from the rcoults of
wind-tunnel tests nade while tlic airplanc was in the design

stazce Thesc predicted flyinz quelitieec have been uscd to 1
deternine coupliance with the criticel stability and enatral
requirencnts. Bcsic chonges to the alrplone, necessary for f
carrectisn 2f uneaticfoctory charactcristics, have been

. dcternined from thesc dota, :jo comprelicnsive study »f the [

=
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reecuracy of such nothods of predictisns has been nade in the
»nst, and 1t wos eonsidered deesiruble t9 coanere in a detailed
praner the predleted flying citlitlices with thoso neesured in
fli;nte 3ueli & coapurison sheould loed to o better under-
stonding 2f the accuracy »f the predietiong, s well as to
Lipiovenents in teats and methnds uhiich will result in uore
cecurate cutiuntes in tihie future,

As a part of thils enrrelatisn progron, flight tests were
mode t9 dceternine the flying curalities 2 o low-wing, tuin-
ciigire putroel eirnlene 'nr the purpessce 2 comparienn with the
results »f teete 27 o 1/9-scnle prrcred 1m17¢el in the Ames 7-
by 10-£99% wind tuancle {Sce cferonce le) The alrplanc esnfip-
watisnsg and fiight ecditisng for soue »f the flight tests
were AAfferont froz thesc used in the 7riginal wind-tunnel
tests repeited in refercnee 1; henee, cdditional wind—tunnel
teste were nade and the results uced in corputing the predicted
flying qualities proscnted herclin,

far this elrpleng, lateral- and dircotisnnl-stadbllity and
—-contial choracteristics 27 impertance in design woark ond
nnst sultable for corrclation wore those in stondy sicdeslips,
ceyanetric—power flight, nlleran reolls, and rudder rolls;
licnee, the results vrescited hercin are esifiacd to those
characteriniies. Tie earrclatisn of the longitudinol-stabllity
cnd —contral chorceterdstices have been proescnted in rcei'ercenco 2,

E3CRIPTION OF THEID AIZRPLAlE

The test civplonce is o tula-ensine, lov=tring, medlum—slze
monoplancs It 1z cquipped with retroctodle conventinual-type
l~ndiagz genr, twin-verticol-tell surfoeces, and tielliange-cdge
Fovler=type wing flops. Flpurces 1(o) ond 1(b) arc protogrophs
af the airplanc as iastrumented Ior tiie flight toeste ond

firurc 2 is o thiec-vlow &roving, Iimwe 3 sious Gotnlls of

the vortienl tnil surfnrees ond fiowre 4 of the wanp and
nilcron,  Furthor infornation an the vortlesl teil, viag, and
alleron arc piven ia tables I ond ZI, The gencrr coifico~
tiona ond dircasiong of tlie firnlanc hiave been prescntea in
rcfercice 2o

The relatinasiip of the ruider-pednl trovel ond the
rulder onple as mencured an the zround with no locd 2n the
arface i given in fipguro 5. Each control-surfnee fcngle is
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defrined as tiic angle betweenn the chard line of thc mavable
surface and the chord line of the swrface te whicl: it 1s
ottacted, The meochianical advantaze »f the system varled aver
o snell renge and the data of figure 5 roprescnt averago
valucs, The klnematlcs of the rudder-iab system, which was

o combination trim and boost type, arc rcprescnted in figure 6
The benst actlon was adjusted coeording to the recommendations
nf rcfercnce 3.

The kincmatles »f the alleran coantral systenm, 08 netsurcd
m tlhic ground vith no 1laad 2n the contrel surfvccsh &rc pro=
cented in flpgure 7o The term Y“tatal clleron angle™ rcfers tno
the alrcbralc difference between the anglees of the tm
tllcrons, and 1c referred to os "left" wien the left alleran
1c up,» 2he nlleran-tab chawrceterlctics orc chmm in figurc 8.
The righit alleron tab acted oz o tonst tab anly ond the left
alleron tab n3 o coublaatlon n2st and trin tat,

The friction 1n the rudder and cllernon contral systen,

oe neasured 2n the ground durigr slou comitral nmovenents
trrouch necutrnl, was £25 ond £5,5 pounds, respectively.

DEZCRIPIION CF THEZ 1IODEL

The 1/9-accle paverod madel 2f the airplanc (flg, 9)
lins been deserdbed in reforcnce 1, CZieept for the onlssian
2f econteal-rurfoce tols, the nadel wee acradynaonleally
similor tn the ecirplane.s Thc emtour ond baslc dlmensions
af the madel coniral gurfaces, cxeent f9r the center scetlon
af the clevator, mateciicd the rull—seale airplaie clacclye

Rudder hinge mentes werc netsurcd by rcans of
resistancc~type straln gogos. Tie madel had anly one allernn
(lert-hond slde) vhich, due t2 thic plans hinge and small
scnle, eauld nat be cquipoed wlth strndn goges Iar neasurlng
lilnge mouacntase

Powver wns supplicd Ly tvm clcetrlc moters whilch drave
tlirce—0lnde, rilght-nand-rotation, 1/9-ccale propellerse The
prapelier~blnde anple (307 at the O, 75=randlus station) vos
sclceted ne n ma¢ conpromisc botween the Lich—-speed and 1nmr—
coced Hover-an Tlight canditiong, In na ensc did the use af
¢ fixcd tlade nagle locad 2 serlous croars in tarque cocef-
fizient,
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SYIlEOLS

The definitione of symbnls used in this report are as
912w

Sy rudder angle (measured betiesn rudder and vertical-
fin chord lines), degrees

Sa tatal alleron angle (algebraic differcnce »f angles
of the tvn allerons), de;rees

Fr net rudder cautrel farce, pounds

ailernn contrnal force (apnlied tangentially 7a &
li-inch~diencter wheel), pounds

rate of change of rudler hinge-nonent coefficient
vitk rudder engle (3Cn, 38p) (tab zers, sideslip
angle constant

rate of change of rudder hinge-nornent coefficient
with sideslip ?ngle (achriaa) (tab zern, rudder

angle constent
sideslip anglec, degrees
anzle »f bank, degrees
air denelty ratin
thrust esefficient
rolling veloacity, radian ner seeomd
wing spen, feet
true airspeed, feet ner sceomd

WaALC. wing nean aeradynanic cliinrd, feet

Pl et 2t Bl e Lt
FLIGHT TEST

A descerintion 2f the besic crafiuratisans far which flight
teets were conducted is as 2118




'R ', ARE30

Pusition 1 Power Aporoxe

| Ma i fold Engine Prake indioated
Cowl =
Cordition| Flap ! Genr ¥ Pressure speed horse- stalling
flap (in. e )i setting |power per| speed
| (rpn) engine ! (=ph)

! Froreller

- |set in
c}os Turottled high 106

‘pitc'n

(=1
E=]

3

U _-‘i’ -
=l

T
Ur |Close:| 38 | 2400
L
Full \

| aowm | Dowry Closed {Throttled; 2400
| (s8°)
i

Climd®

s
3

|

Landing

1273 88
iown |Dow Closad
(35°){
j re1t | T— ‘
; ¥ive=off !down chn; Cleosed ‘ 1650

i(re°) i

ot 1]

| Aprroach

Prom onglne-performanoes ohnrt for lowellower gear ratio at €50C feat s

1

The average alrplons grass welght, corrceted far fucl
eansumntlon, wns aporaxinately 26,500 vouinds far nll these
tests, and the centor-of—-pravity iﬂeatiﬂn wes Co275 1.4.C.
(flnpe ond cear v}, The average tost nreasure cltitudc wes
cbrat SE00 fect.

Ruddsr Rnlls

abrupt allicran-fixcd rulder ralis weore perfarmed ot
nnd 250 miles per byur in the clind eonditian. The rolls
started {ron steody stral: it £1iht, wings level; uille
1leraus weres Leld rizxed, on ctruut rudder defleccetian
policd nid held os stecdy o8 prselilc until maxinum

ini; velaclity was att-ined,
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Steady Sideslips

Shart records were taken in steady stralght flight at
varisus encles o cideslip, left and right, up to the maximun
s linmited by high rudder farees nr tall s%alling. Tests were
pveriorued at various eoinstant ecirspeeds in the clicb and glide
eanaltiongs, nnd at one low alrspeed in the landing, appraach,
ond wave-off eondltions,.

Asyrmetrie-Pover Flight

The effectiveneas of the rudder cad alleron (tebs set at
neutral) in enntralling tre airplane under asynmetrie-power
eanditiong, flaops and gear up, was inveotirated by perforning
ateady sideslips at various airspecﬁa wille one engine vas
develaping maxinunm evallable pover and the atiier engine was
thrattled. The tests were verforned for the ripght- and
left—eagine-thrattied eonditlions at about 10-nile s-per=hour
inerements fron 170 to 110 miles per howr (the ninirum decned
feasible),

Alleran Rnlls

Atrupt rudder-rixed alleran rolls vere perfarned at various
eirspeeds in the elinb and landlng eanditiors, 'hille in steady
gtraipght flirht at each alrspeed, vorious annuinta 97 left and
richt wileron defleetlon up to the naxirun cbrainanls vere
ar>lied and held untll nmaxiuun rolling velnelty wae attaired.

WIND-TUIZL T25TS
The procedure for the vind-twinel tests was the sane as
that autlined in reference 1, but mast af the data presented
hereln were nabteined from repeat tests vhich have nnt been
reparted previovely.

[

Zrcile Data

mhe data were ottalned fron eosetent-thrust—-esefficlent
vy tests as described in referenee 2, The estimated flight
fe = Cp reletionships for the varisus pover conéltlong were
used t3 determine the aperating eonditious for the wind-tunnel

T FIE T T fE W)
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testes, The flight thrust and 1ift coefficlents were matched
as accuretely as pnesible in all ccres, Throttled engine
operation with the propecller nat feethered (glide, landiag,
and esymuectric-pawer cnaditions) wes einvleted by operating
at r. thrust cocfficicnt of -0,04. Asymnetric—power tests
were made to simulate bath left— ar right-englne fallures,
Mleran-effcotiveacas data were obtained fron previnus tests
oa the madel (refererce 1), and the ailernn hinge nonents
were cstimeted fron the date of rcferences 4 and 5, corrected
Ly the nctiind of reference 5 far »hrsical differences such as
plan f2rm end belance arca,

ifetlvnds far Predicting Stebility and
Cantrnl Characteristics

The alrplanc gross welpht (26,500 1b), center-of-gravity
Incatisn (0,275 il.A.C., flaps eul geer up), kinemntice of the
cantrnl srstens, aad bosst-tab retins es ncasurcd 2n the air-
plenc verc used in 21) the comoutetions, The tab cffcctive~
nces far the rudder and allerans vas cetimated from refer-

nee T

The rolling end yawing veloacitics and the sideslip angle
in allernan rolls end rudder rolls were eauputed by the ucthads
outlined in rcfercnee S. The demping coefficicents in yaw and
roll werc esilmatcd from rcfcrcnecs 9, 10, and 1l. o
corrcctliong far uwing twist werc made in the computation of the
maximus rolling veloaclty. The rudder forces in abrunt rudder
roils wcre computcd an the assumption that the maxinum rudder
force was developed et the instant the mancuver was storteds
alleram forccs in rolls uere coarrcceted for the change in
angle 2 attack Aue to the roallin:z velocity.

The charactorlstics 1n steady sidesllps foar btath the
srunctric- and asynueotrle-psver condltions werc computed by
S .

-

ne ncthinds 2 roference 12,

A Nsem mep mgn

RESUIPS AIlD DISCUGSICH
Sheracteristics 1a Rudder Ralls

Data aitaincd in abrupt alicroan-fixcd rudder rolls are
& .
uzcful in cstizalting values 2T Chg, ond in asscssing the
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ditelral eflfrect, Fesulte are ').'esemct. in fizure 10 in the N
Tarn ol curvee 97 1udder contral farce ond naxinn yewing and

a1lliing veloacities at scee level plat‘c:(‘. asrinst clhwange in
der anzle,

Tie values 27 rulder anzle are unt coarrected v stieteh
in the eoniral syaten betwech e surfree ald the pasition
rcﬂordc‘, cxeent viiore m’l. Havevear, o cnnparison of the
flipit wind=tuilitel results, it was Townd thes in soue
crges U *')'ﬂ“er.t_w was 20 lmportoice. For laslance, addi-
tiannl rud cr—-o“ce curves edrrecteld Ior the effsut o7 strete:
(anraz. v.,c 05? per 1U) are ahvm in Tiiure 10 It 1e secen
tant, aitlau *11 the arizinal o '1~.¢t dato Andlente "o-v-“
emtral farces (U cnce, --Sr) than 21 the vind tunnel, tre
corrected cuwvees aiviw tlgher lorces. Violues of 3,5,. 1": the
cwiddtlans 2f ficure 10 are anprotineiely -0,0095 far the
carrected flisit duta and —0,0080 far the wind-tuancl tcsts.
The maxinum anpular velneltles ere in fnir asrecnent, and
coarrectiong far siretelr would tond $9 Lneave the correlation
ot the Liigher sreed 2f 280 niles ner o,

Stecady Sifeanlins

edy sides ghiovm in

”1').. ’)f glle: 21 each test

..: the 11 wind-tunnel

acterlatics ors eotisfactory
vatral farces, a tr..de“;’

ce onsles af cierht siceslln

eAn ST RAD RIS Y

e r 1lxel {irestionnl
4 vordiatlan af rudder anpgle i
2altlve in all cv , &l uind-s:
Wfar amaored clasely, limst
- S 2 r ~_-) T _‘-
& S ity firectiqw
i at ssntral
/a0, 2 & =y b 1
N T U e nb lav ol
S AveLe A TR -
AT sy L3 14 Lo PLIR Y .
t + ¥ & c :-ﬁ &
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treaidown aver the vertical tail assnciated with the lower
radel Feyunlda nuster, In the landing condition (fig. 13)
the wind-tunnel data obttained at tue ligh test 1ift cnef-
ficient (Cp = 1.70, near the mexizun o1 the model) and low
thrust enefficient vwere erratic, ZHecamputed contrnl-rarce
values based o data nbtaired Iron tests at the same thrust
cnelficlent tut at a lower 1irt coeflicient (O, = 1.10)

Cive bLetter agreement with the £iisht results. At the higler
rapeeds (firs, 11 and 12), the larger rudde: contral farces
for tliec T1liyht Yests arise in part fron the greater values of
Chgp noted in the rudder-rsll dlgscucsiosa. The remalnder of
the differocnce con be attributed chlefly 4o differecnces in
values of Oy equal tn clout -0,00U5 for rflight tests and

?
~0,000 far vEnd—tunnel tonts.

The alleron-firxed lateral stability (dihedral effect),
a3 measured by the varlation 27 tatel elleroan engle with
sicdealip angle is posltive 1n all caszs and the agreeuent
between 1l hit and wind-tunuel deote is goads. The kigher
value 2T a5p4/4f for the fit;nit deta nt lLicher speeds
(fiz. 32) moy ve due 9 winc—iwist effcct.

Pacitive allerai-Cree latersl stability, as measured by
thie variation of elleran coutrel faoree ith sideslip angle,
1s shinvm far flap—- and gear—-up emditioang ©y both the filsgnt
and wind-tunncl fesults, and ihe values of dFa/dg arc in

22¢ apreenent. Tor the flos— and jear-—-dnw conditions
(firse 13, 14, and 15), narsinal stebility is indiceted by
all the date,

The crass-uwlnd force cieracterdstics, aa shown by the
werlation <2 angle »f bani: with sldeslip angle, axc satis-
fectnry in all cascs, and tiie arreexcat betuweenn flirht rad
prodicted values of  4dAg is very pond.

Asymuetric-Farer Cuaracterictice
Sr o the steady cldecling under agyruietric—pover
are ploatted 1ia figw 15 and 17 as & funciion »f
Crass plots for the eandition 2f 107 sldeslip
live earire are given ia figure 1%.

arl tn thc eatral charccteristics unlder
etrlc—power conditionsg, the eame reneral conclucl-ang can
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be dravm fron bPoth the wind-tunnel and flight data, For each
casc, figures 16 =nd 17 indicate that the rudder and alleron
arc sufficiently pavreriul for zera-yow flight at low specds,
althaupgh zern-yaw runs were noat made in flight duc to excessive
rudder c2atral forces, Helther the predicted nor flight valucs
af elleron cautrnal force arc too large, but the rudder control
farcee (cepccielly the flight values) arc excesslve,

Far the left—cnpine-trrattlcd conditinn (figs 16), tho
flight end wind-tunncl values of rudler figle &re in very good
agrecuente For the right-engine-turattled tests (fige 17),
however, greatcr {more left) rudder deflectinng were needed
in rlight than wvere precdicteds Comperison 2f the wind-tunnel
data far the left— and right-cnplac-thrattlcd conditions
shovwe that, as is usually the case, considerably larger rudder
deflectians arc requircd for the left-cngine-throttled condi-
tion (right-hand propeller rotatinu)e Tho flight date »f
ficurc 15 shoaw anly slizhtly srcatcr deflectiong with left
cagine tirattled, and cxtrapolatinon »f the data of riguruzlé
and 17 indicatcs that the megaltude of rudder angle requircd
for zcrn sidoslip would be about tlhc samc for clther engline
throattlcd.

The carrclation betucen flipght and wind-tunncl valucs nf
rudder contral force is similar t» that £2r the rudder anglcs.
Tar the left-cnrlne-throttlcd conditisn (figs 16) the agroe-
rent 1s gond. TBudder coatrol farces £or zero eldcsolip would
Ye cxccsoive, rudder—frce £light apypesrs impossitle, end the
epeccd for lifht at 107 sideclio ith a right contrnl force »f
150 prunds is 154 miles per houre For the right-cnginc-
tirattlcd condltinn (fig. 17), the wind-tunncl data show that
with n ru’der cantrol force Af 120 pouads, stcady flight coul&
be maintaincd at nearly zero sideslip at thc tcst speeds;
whereas in flirht the farces verc t29 large to gcrmit 2ero
sideslip flirkt and a left sideslip a7 aboul 10° acecompanicd
a 130-pound contrnl force ot 142 nilce per anur, (st of the
diffcreonce in rudder contral-forcce valucs between the flight
and wind-tunncl tests can be azerited t2 the carrceponding
&iffercnces in rudder deflcctinn,

e cearrelation in the values o2f cllcron anzle and anpgle
af tan' 13 cansidercd onnd, espeeinlly far the right-cenglne-
surattlcd canditian. The camputed alleran contrel forecs,
based an catvinetced hlnge =azments, arc lerger than thase for
flight, tut iadicatc the samc gencral choracteristics.

ia

+8
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Allernn Rolls

The varilation of the maxinum rolling veloelity at sca
level and changze in alleran c2iitral farce with total alleron
angle in rudder-fixed alleron 10lls for the climb and
lending eorditions are nresented in figures 19 and 20, In
01l caseas 1t 15 seen that the ngreenent between flight and
sind-tunnel results is exeellent., The ehange in sideslip
anzle betveen the ctart of the nmencuver and the tine of
nexicus rolling veloclity is sham iu fizure 19 for ane air-
cpeed, and for ile exanple shm the eiiange 18 in a favor—
ctle direetlon, The agreerent vetieen flipht end wind—
tunnel results 1s indicative of satisfoctory predietion of
the yowinp clharccteristics, vwhich ere important in estimating
the rolling velocltles. The usuel nethnd of predieting
naxinun rolling veloeltles ineludes ¢ rziluction faetor to
account £71 tihie ueually unfavareble ;ov due to aileron
defleetlon rnd would not hove glven ac accurate predietinns
ap the nethiné 27 reference & in vhiceh tue yawlig character—
lsties are estinated in nore detall.

A sumuery cross pleot derived fron the data of figure 19
1s given in figure 21 in which the change in total alleron
enrle and maximum pb/2v corresponding to an 50-pound control
force are nlotted as a function of alrspced, Both the flight
and wind-turnel data incdicate thet, although the clleron
cffeetivencss 1s satlsfoetory, pt/2v  at Righ épced is
serisusly linited by the high congrol forces,

COTSLUSIONS
faced nn the dnta presented in thic report, the follow-
1ap comelusinns can be dravm with resard to the correlation
27 tie lateral- and directional-steblility nd —control
chiaracteristics of a low-wing, twln-cngine patrol airplane
as predleted fron wind-tunnel testes and as neasured in flight:

1., ‘Mind-tuancl predictinns indicated tlie critical
uwnsatisfactary dlrecetionel and leterrl charaeteristics. The
a8t serisus of these were the gernerally high rudder control
fareen, hiich resulted in unsaticsfectory asynmetric-power
cantrol, and high alleron enatrol farcer, whigh seriously
1la5ted the rolling abllity at nerual and high speeds,
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2. The vind-tunnel data were, in gcneral, sufficiently
accurate to indicate the chief reasnns fo the unsatisfactory
charcoteristics and possible methads of lnprovement.

Anes aerorauticel laboratory,
Mationel Advisory Committee for Aeronesutlics.
lisffett Fleld, Calif,
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TABLS I.~ WILIG AlID VIFTICAL~TAIL

DIIILYSIONS OF TEZ AIRPLANES
e Iten l (tatal)
Arca, sq Tt [ 576 64,11

l?crtical tall

Span, Tt 7439
Aspect ratle 1.9
Taper ratin : -
Dihedrel »f ving, dorm |
Incidenee with respect
to fusclajc rofcrcnco|
line, doy; 2 ===
Tont section iACa 23018 APDPI':t,
nadified by trail- MACA 0007
inp—cdee exicnaion '
Tip scctlan | 113CA 23009 —
Tuist (cenuctric) ‘ iang Iaie

I i.a.C., Tt £10,27 =
Eant chiari, rt el 0

1* J ’ _’07“ i 5.2
AIncludee tralling-cdge cxtension

Lowelusive of trailling-cxtensinn

Cilcasurecd 2n top of nein bean

U —
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24812 IT.- DIIZIISICIIS OF 1ICVAZLID

SURFACIS, OF THI AIRPLAIC

| allera aucder
¢ (cech) {caeh)
Arca eft of hinge llne, sq ft 17.45 815,.8
Spen, £t 7.89
Perecent snan ] 100

ralnace type

Iten

i
' Prddlc
| balance
[ land st
| i tab
“vlance area, sq 1% | | 1,6 e
Por*cn“ bolance i | 10.; | ooeme
ontrel trevel, dez? l 25,2 up | 25.8 left |38
i
|
L

g, (F doxm 29,5 right!
Trim tob avcea, sq 't 1,905 ————e
Tav snen, TY

2. 190 —enes
Tab troavel, deg

20.7 left |——
26.0 ri‘h.‘

22 =

averase toast ratle (a54/4s)

8ot inciuding trim tab
valucg uscd durlng tests
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Fligure 2.- Three-view d'nvng of the airplore

/7t
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(&) Front view, flaps retracted,

(b) Rear view, flaps down,

Figure S.- The 1/9-ecale model of the airplane mounted ia the 7- by
10-foot wind tunmel.
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Stability and control characteristics as predicted from wind-tunnel test results of
a powered model and as measured in flight are compared. The predictions from wind-tunnel
test data were in agreement with flight-test results. Comparison shows that such
predicted flying.characteristics aresufficiqptly accurate to indicate the unsatiefactory
lateral and directional-stability and control characteristice of airplanes in the
preliminary design stage.
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