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NATIONAL ADVISORY COMIITTEE FOR AEROMAUTICS

HEMORANDUK REPORT

WIND-TUNNEL INVEST 'TIOH‘OF 4 1/20-SCALE-

By . Victor I..Stevens, William ﬂ. DOu lasa,
v - A - i 3

anq JvlesAB ;Dods, dJr

Tests have been made on & 1/20-scale model of a four-
enzlﬂe transnort airplane to determine -the stability caarcc-
teriqtlcs, empennage’ control-surface effectiveness, the
effect of propeller rotation on loagitudinal StaLWLWt] and
‘2 method for carrying spare wing panels under the fuqeld €.
he effect of two moces. ‘of model power oneretlon on the char-
cteristice of the model was studied. The effect of landing
cear, open cowl flapg, and center-section split flape was
1so investigated., '

.The resulte. indicate that the model possesses satisfac-
tory stick-fixed lohgitu@*na; atability for 211 normel flight
conditions -excert for high .power with flaps extended. The
stick-free lonthudlngl uathﬂty is unsat1anntorJ in a
rated-power bllMD, qlthough it msy vé remedied through the
use of ‘a soring in the elevator-system Counterscted by nose-
up tab, . -Stick-free-stability is also ‘lacking for any pover
condition: witn °19nq fUlLV eXt@ﬂOed,4ONlﬂ to under-surface
tail stal1 " . i . S ‘

The elevaco¢ Dower"n laaélaa is marginal. Control
forces are -nigh for 79nﬂ1ng and aCue*eratcé flight for the
design co nt“ol linkage;’ however, & change in the econtrol
linkage should bring the forces Within.the ¢esired iimits.

. . - R 1

A change in .direetiom of 3”00917er rotation produces
little change in longitudinal stability of thig model,
primarily becauce the horizontal tall completely spans- the

glingtreeoma tne lnoo rc gropellers.
Directional characteri SthS of the model are setisfac-
tory. . The rudc@r DOWSP is st ffi 1 ent %o mﬂlnusln ZEero




zontal tail is not stalled, L - : ,

~the 10321uud1nai characteristics obtained by two methods of

side slip upon failure of anj ‘one engine, and the control = .
forces. “eoulﬁee are satlsfactorllv low. :

Aoollcaulon of taAe off powe“ in the landlng conflgvratlon'
comp letely neuvtralizes the. normal dihedral effect, reqaﬁrlﬂv
use of the ailerons rather than the rudder to keep the w1n~s
level,
' From an aerodvna¢1c viewp01nt wing panels carriéd under,
the fuselage should bhe placed lenﬁthwlse of-.the fuselage with
the inboard ends butted togebnero : ‘ ‘

Fractically no dlflerencc is ﬂndlcated betve=n the results
for- the two modes of model power operation, provided the hori-

i

In general, the 1and*n@ gear 1ncrease the static longi-
tudinal stablllty' nower off. Horever, with power at a flap
deflection of 25°9, stability is decreased. The effect at a
flap dexlectlon of 50© is- cbscured by the stalling of the
tall

INTRODUCTION

‘An investigation. of the ch“rautkrlqtlcs of". foul—enh_ne
trengportairplane through tests of'a 1/20- scalu poercd model
was conducted at the request of the Kateriel Command, U.S. .
Army Air Forces. Results are prese nt»a‘whion show the,empen—
nage control-surface effectiveness and the effect of propeller
rqtatlon on longitudinal stability Data. are presented to
show flap effectiveness, effect Qf,landing gear, effect of
cowl flaps, and an optimum method for carrying spare wing
panels uader the fuselage. A comparison is also presented of

model - power -operation (i.e., the advance ratio V/nD T Was
varied by:changing 01the” tho propceller fOtcthch spegd .or
the dynaﬂvc OFpssur : - -

The tests were conducted in tne Ames 7- by lQ~foot‘
tunnel T o : . ..

MODLL ND APPLRATUS - R
The 1/20-scale mddél of & four-engine trensport airplane
is charanterized by a high-aspecti-retio wing set back .and low




“on the fuselage with generous fillets at the wing be 2leg
juncturc, Three outstonding features of the winb are (1) :
full-spon vaned flaps, (2) 2 spoiler-fiep-aileron combination

led a fllp—flao—flop) for latersl control, and
'Ko) en cirfoil section which at the design 1ift coef icleﬂt
hrs pressure gradients favorable to laminar’ flow on the lower-
surfeee only. A combination of direct control and servo-
control is utilized on the.airplane to reduce control forcas,
The linlesge in the system is partially adjustable, providing
a means for obtaininz the mostv suitable ratio of direct-to-
'‘servo coentrol. o

\comnowlv cal

A three-view drawing of the model ie shown in figure 1,
and a sketch showing the location of thrust lines and center
of gravity is presented in figure 2. Scction deteils of the,
vened flap and the soo&lxr—Ll~p- sileron combination ars givén
in figure 3. TFigures U and 5 zive detailed dimensions for
the horizontal and vertical tail, respectively. The model
elevators were equipnced with bhotn trim -and control tabs; now-
ever, the trim tab was neutral for all tests. A tabulation
of the imwortant meodel dimensions and a list of configuration
symbolig used in the report are nresented in wprendixes A and

The model wrs powered with four variable-dpeed motors
ub”ﬁ'-nlad propellars, A propeller-blade setting of

the 0.75 racius wes ﬂalqtﬂlueé ubrou?hout the tests.

composed of a moter and tOT0101 straln gagd was

led in the tail cony, nermitting ths operator to deflect

gr the rudder or elevetor and re ad the resulting hinge

moments while the tunnel was operating. Two wooden wing

Danels, simulating the right and ieft ouitboord ponels of the
mocdel, were provided o be mounted under thv Tuselage in

various positions.

Thq model was mounted on threes struts, as shown in.
figure ©. All power and contrel leads were . carried through
the rear support strut, allowing the use of sma all-tip struts.
on tae wing.. .

conducted In two sories. The results of

The teuts were ed I
n rat serics ha cen scareze in groups:
tne fir serlos have bee cgregated to four groups:
(1) longitudinal stability and control, (2) the effect of
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proneller rotation on ﬁon"1uudLnal ste Sk

directional characteristics, .gnd (L) o

effects and effects oﬂ-exurrnalWy t“ﬂ nang

For tedts in which full-scale »nower wws-t “be simulated, ~the
relationshine of thrust coefficient Te. to0:1lift coer ficient

Cy, showa in fTigure 7 ,e WEre uqec mhe-propeller Character—. :
istice (Te :-as a function of v/n determined e¥perimentally ’
ere given 4in figure . ' S I :

. A secord series ‘of tests wes later conduct d to obtain a
comparison of the results obtbinef using two different-methods
of »power opne 09u10 1, to detsrmine toa effectAof the landing
gear end cowl flaps, and to determine -the cffectiveness of the
centc*-uq0u1oq spli Lo : '

- The test results are presented in fhe form of stendsrd
FACA ccefficients. Excent whére noted, the coefficients are
referred - to the stability axes »sesiay through = point above
the 2 reent an acrodynamic cherd (fig. 2) ené are
COTTE T tarad snd nCu~DOUH ”fy effects as give '
in the apie: :

LOQ"tualp 21l Sta¥ility and Control , -
.. The longits letice of the model were catvr—‘
nined ae.a fune! ettacy for verious combi-
nations of Flep g ond are’ presented as the
v~r1"u¢0u of ani of dragz, pitching moment,
ﬂnd hiiﬁﬁ—mOﬁﬁlv 3 , ith 1ift co “fflC‘ ent. The
har F the mode with-varipus wower coniltlonc-
2, : - flaps ‘'undeflected, in figure 10
in fisure 1l for‘flips deflﬁcted'
Elévator fnd elevetor-contr o‘ tab-e f*vct veness data were
obtainad for the model with prone 21lsrg removed and fleps unde-
Tlected by verying elevator Geflection for several model atti-
ctudeg and control-tal sctiings. The results Tor control tabd
neutrel sre preszated in figure 12 as the -voriation of 1ift,
¢rag, piltching-moment, -and elevator ainge-moment CObIFlCloﬂtS
with elevator derlection. For nominal control-teb ahxl€otlon
of -109, 109,159, aad 209, pitching-noment and DWﬂvctOrm.. .
hinge-moment cozfficients sre given in Tigurcs-13 to 16. ,
Pigurce 12 to 18 have been cross-nlotted to detsrmine tab ° "
effectivences and the results arc fOS(HtGQ ;n"ﬂﬁurcs 17 und .

,.
-
[39)
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0e'-**'eg of tests wes. also made to measure-.. ..
Levator-tab effectiveness "ith nropelliers . oper-
2o of ‘these tests, for which ratsd power at FOOO
ated, are p”eoeuued in fig ore 19. : :
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.tor power for landing,

~s tested with -
control-tah deflec—

are -shown in fizure
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tudin oy ;ower to be a Funstion
of HDrow The 1: rotation is such that the
inbourd eling ug, : a larger part ol ths
“tail ber due to slipstresm vobtation. With
fuese results T2gts were me on this model with
enzines 1 -and 1. COU. kwise and enzines Z and U

lociwise. T attrck, pltching-moment
coeffricient, \ aﬂlflc'ent with 1ift
‘coefficiant for *his‘fotation i miared with  .the conver—
tional rotation (211 cloc -w1se) fizure 21 for flans unde~
flected, 1A'fignre 22 for flaps deflected 2509, and in figure
23 for flaps de lected 500, ) ’
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. .. The aercd; ica of the model in vew were
“evalusted Tor de (CpL = 0.5), climbd atti-
tude (Cp = 1.0) epproach attisude (T = 2.0
with flaps exte terigtics of the model in the
cruice atbitud igure 2 for the wronellers-
removed snt crul iona Similarly, figure 25

0ttt D

In.the original data obtained For the conditbions shown in-
figures—9¢ 25, there occurred discontinuities in the
ro 2 \ s-moment coefficients. Lowever, in a
ater dzgetion-it was found thai a separation flow over
he thick airfoil saction of the third strut was ths cause of
he observed ‘iscont nuities Dy nlecing spoilers on the
trut it was wossible. to e;1m;nuu& thege discontinuities.




presents the characteristics for the climb attitude with rated
powe imulated and with prooc¢1ers removed, ‘and figure 26
hresents the CﬂaIaCbeflSUTCS for the laqavng~ approach attitude
with EO0-percent-rated and 1l00-percent take-— off power. 31ﬂuleted
end propellers removed. In fizure 27 are shown tuft photo-
granhs of flow over the vertical tail for the model in the

“ e

crulee attitude,

Rudder—and rudder-tah-effectiveness tests with propellers
removed were mace at fthe cruise attitude by VBLYlH_ rudder .
eangle for several angles of yaw.and control-tab settings. - ,
The resgultg are ore ented in figures 2% to 21 as the veriation
of yawing-nmomend and rudder hing P—mOﬂeuf co efficients with
rudder angle.. These datc nave reen cross-plotted to give,
control-tab efifective nes in f gures 32 %o 5&;_'

To ascertain tnn rudder efii‘tlvoness with DTODSllETO
orerating, rated power at the clinb atititude was simulat
for tab neutral onlr These data sre included in ~flgure 35.
To test adecuacy of 01rectlonJ¢ control - in fthe event of
ginzle-engine failurc during take-off, tThe modsl in the take-
off ¢onfiguration (flans deflected 25 landing gear extended)
was yaxeo “for each of oever*a1 rudder deflections wnile malin=

teining take-off Dower in engines 2, 3, and I, and allowing
enzine 1 %o windmill., Figuwe 35 ghows the redults of thHese

uests . ;

Effects of Flaps and External ¥ing ranels )
: . .
" For convenience of comvmarison the 1ift curves for the
model with propellers removed are summarized in figure 37 for
flaps deflected 0°, 250, and. 50°. fﬂ figzure 3% are shown
the combined effects of Reynolds number and Mach number on
the lift characteristics for IluQS def ~Q»’_cted_.

v

{

It wes sussecthd that thé oubtboard flap had passed its

peak effectiveness at & full BOO deflection. 8Buch a condi-
tion would be particularly u QeQ1rablb gince the cller01 is
on this portion of the flap. To check this conditiom, tests .
were made with the inboard flap daflected H5CO and the out-

t
board flap at 00, 1210, 250, 37L9, and 50°. The results are

R

2 - R ' o
Sge footnote, D. 5. . . _ : N
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pr edr in Tigure LO,

nce one of the functions of this airplsone will be the
tr sortation of wing panels too large to be carried in the
fugselsgs, tests were mede with outhoard panels mounted uncer
the fuselage to determine the optimum arr:nacﬂent Two of
thie thres srrancements tested are shown in fvgurb 4o. The
test results for the three arransements sre presented in
figures 11, 42, and k3. :

Effect of Kethod of Power Opsration
indicated a translation in
age 1& dynamic presgsure for a

The first ceries of testsg
the pitchiny moments withn chan
FCO flep de lecalon with the tail removed, Since in that
series the wer tests weie mwade with a variable dynamic
pressure,~1t,Wﬂs considered possible thet errors were intro-
duced into the pitching -moments. Thorefore, it was proposed
to make a comparable series of power tests in which ths
variable dvnamic nressure wes eiiminated. To @o this, the
thrust coeffi ient wag varioed by changlng the nproreller
rotational spead rether then the dvnazic wressurc The com-~
perison of t 1@ longitudinel charecteristics obtained by beth
mcthods are presentad in fizures H” to W7 for the model with
fleps undeflsocted, eflected 250, 3749, and ROC. Because '

-

toqts were not »rxv1ous¢v obhtoined for'e flap defleetion of

"‘)l‘(

37%0,.°ll the required tests werc madc during this phase of
the investigation. A sumnary Slot showing power-on reqults
Tor 2ll flap deflectione madce by the onstanu-d rnemic—
pr9831r”,meth 0od is given in figure 48, The load carried by
the toil is show in figurc U8 for a 50° flap deflection with
telke—~o0fT povier, :

Effect of L”uﬁlﬂq Gear 2nd Center-Section Flap

Tor most of the tests nadc with flaps QeflerCd the
lending yesr wWes retracted, the effect of fue 1 ,nklné gear
wes doterminad seuaretily vltn anté without powor. - RAesults
obtained by the conste pt—o creller rotational-specd nHower
methnd are nrescntod ; figure 58 for flabh éuflcetions of
2R0-and 500, :sults obtained b] thc constent~dynamic-

R
wressure method for, f‘ﬁ“ daflections of 00, 25°, and 50°
ers presented in figures Bl to B3 for teil removed snd in
= ) ‘
-

figures B to 55 for teil on.

7]
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wl laos on the lonzituad 1n97 stability
ted in Ll suré .57 with the tail on’eand
Both the power-off and

g the effectiveness of
gented in figures 59 end

Fesults of tests made
the cen :*—s;btlon split flap &
60 for flep deflicctions of 25°

udinal Stebility and Gd trol

Power coff g power- ff stobility with flaps unée-
flectod ag sno dem/ﬁCL indicates a- static m rgin of
about 1S - merce: A.C. us to.2 CL .of 0.9 (fiz. 9J). Beyond
this point 4g: 11ércascs‘9“arply/ due to a premature loss

in wing effectiveness -(dCL/da). I% snoulc be noted that -
thie effect 1s typlcél for sczle wodels of cirplanes havi ng
low-dreg wing sections, but at the full- scmlg “Reynolds -humber
it is believed that the effect will be consicerably -reduced.
The averzzo stetic margin for t?e modcl with flags dezflected.
25° and 50° ‘is agrin ecuzl to 1% .percent M.4.C., but there is
no loss in wing coffectivencse with the corresponding incresse-
in &0x/dCL, at high 1ift coefficilents (figs. 10 cnd 11).

The computed variction of elevntor deflection and stick

force (without servo and - d (stick force) = 0.647
. d (clevaetor: hinge moment ) . :

1b/ft lb) witf sobcd in figure oW acﬂln shows the shorp
incrcase in s bllity-”ﬁ an inalcwted wrsau;o-of 140 miles -
per hour (Cp = ©.9) for the: Drou,l_e:s— gmoved ~nd flapns-
retracted position, (iDrOUahObt this d;%CdSﬂ101 ~the anel-
ysie of control-force varistion iz simpiified- to the extent.
“that forces arc given ncglecting benefit of .servo petion;
however,. the a%il' v of the servo teh to reduce these forces
setisfnctorily is nnd¢0ﬂtc€ ) The high stick forces are duse
to the size of ths surfsce rather thon to large ninge-nonant
cocfficiegntg. The normel renge of fl‘nhb gpecés can be

coverad using only 5° of servo tab (figs. 12 to 16)

ct

10

{

Th2 charcctoristics of the airplsne in ccelbrﬂtba fllqnt
with propellers romoved for an airspeaed of EdO milcs per hour
(sec. level) have nlso becn estlrhzcd fig, 62). The variations
of clevator angle and stick force with acceleration.are stable-
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nd nee =rly linear, as desired. Although the control ‘tev is

ble of unforeing the required elevator deflection ‘it-is

ted that for the desian linkage the stick Torce

1rcd will exceed the )O—nounc ver-g 1imit. This couli be '
gdied Dy acdjusting the linkagc t0 i greatver mechanical
tose vetwesn control column &nd tab.
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pound vner foof-pound and of

4 gticlk fTorco ~ e 5 . - L
[ \ = 2,20 pounds per Toot-pound, an clevator
hinge moment. Se T : * ’ '
11fntlj lcgs than -20°, owing to the lerge
elevator hinge moment, will be obteinéd when control tob is
fully deflected.. For this condition . the.landing. speed would
be greater than 10C milcs per hour end control forces. would

be excessive., In considernation of these results and the fect
thet the control-tab effcct tiveness is st1ll 1lineer at 200, it
is recommendcd thaot the meximum Tab anegle be increased to 250
Such & changc should moke ‘it possibls to reach. elevator
Goeflections in, excess of 20° znéd .2lso keep stick forces._satis—
foctorily low., It should be noted that at the- test Rsynolds -

number the clevator is releotively ideffective at ancles
preater thon 209 bub thet et full-scele Reynolds number the
- elevotor may meintain offectiveness to- slizhily greater
doeflections. Alsc, tho above estimntions noglect the zround
ults in &, loss of

¢ffect on wing CQQP’CtCTle‘OS, which rcsu
meximun 1170 and o Cecrcase in wing diving . moment: (refcrence

1

|4

| aad
t~4
<

1

3).. At present thu;c ar¢ ineufficient deta torcetimate
securrtely thig e¢ffect, althouzh it 1s believed that the
latter effect would Jermlt the el planeg to be trimmed to
hichey 1ift cocfficients which. would. rceduce’the minimunm
ancing specé by ahout 5 milcs pexr-hdur.. In.any case, the




10.
uff 01uncy of elevator power for landing is merginsl, since
he minimum landing sp eed indicated above-(including ground
f1c ct on wing pltch*ﬂg mombqt) is 90 milce per hour compared
0 the abglse{_spvu_ of 85 miles per hour. :

Power on.- From thb CVDQ“Lmdﬂbﬁl"feSU¢bS it wes found
10t the addition of rated power reduced the longitudinal
ability, placing .the neutral point at the 33 percent 1.4.C.
r the CllWD attitude (fig. 9). (Power-off ncutral point is
LL percent H.A.C. for the renge of 1ift coefficient for
1ich wing. effectiveness 1s norms s1l.)- Since 32 percent of the
A.C. is the estimated aft center-of-gravity position, stick-
ixed stability in o rgteo—wonor climbo will be marginal for
2ft center of gravity but -should be sat
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=5 D0 ot
'3 ct QO d‘
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hg & isfactory for the
lesign center of zrovity (25 hmeresnt ¥.4.0.). To ascertain
the relative imcortence of the different »now cr e“fcotq on
model ‘characteristics, .the p}hCh.dﬁ*ﬂOW 1t inerements produced
by simulating reted POva hava bo:in broken éor into the
Vqri0us components and are shown in fizura 64, A% on angle

__of attack of 6° (Vl = 135 mph for gross woight = 125,000 1b),
the calculated propeller tlirust and normal forces produced

Py ptal

ACp, and &p, = O. Og The sllwquvb<m u;l;ctc uuon wing and

nacdlles wors negligible. This we 2
the moments produced by calcul:s rted &
moments produced by power for the Y
The greatest effect of power was the che
the tkll rcsuluwng in a ACpg = 0. >
AOmg = (405/a1 t)pover of £\ 0T Hower on‘OT)ovcr o”’) where

dT was deduced from tall DTtChan moment and dCp/dit.

The e¢ffect of slipétream volocity over thé tail was stabi-
‘11"133,-0”00b01n5Aq Aﬁms = =0.021, The valug of  AClpg

‘was obtained from the ecuntion ﬂGm = {a/go - 1)(%ail
pltching-moment cosfficient ass umﬂig d/oo = 1,0, whecre a/qo
was obtalﬁec from the Vprlqthﬁ of glevetor effoctiveness
with power. .

v

The veriations of,blcvgtor'& i7le end stick force (without
servo) with speed .are given in figure &5 for rated power ab
5000 feest. . Static lor iduﬁinﬁT-stability, ag indiceted by
dso/dv, is wresent tMTOUahOUt the specd renge. High stick-
Tixed stability is.cxhibifed at low spoeds because of the.
decrease in dlr/da  end the rcsultent imcreasc in  6Cp/&CL

[ o)

g
(also noted for the nroveller-removed condition). Stick-free
stebility is exhibited for specds below 150 miles per hour;
gbove this speed,.Suaollluy is lecring, owing to thg reduction




in stick~-Tived etability. BSticii-free stability could be
immroved Dy the introduction of.-af shring in the elevator con-
trol such that -nose-un tad is recuired for trim.

¥ith fleps deflected, power effects on the moment charac-
teristics rre sizilar to those,cristing with flaps unceflected
except for the following:, . .

cr .the flaps produces
to more then overcome the
forces,

2. The flops sccontuate the downwasn produced by the

S, T ¢ 1s negriive, meking eny effect of slip-
strenm vel : he'tall<destab11121ﬁg. ith tole-off
powsr the onritudinel stebility, s indicated by | ¢
&Cn /a0y, cneutrel 2t -0 = 2.0 for fleops deflected
25°, rnd =-1.1 for flrps deflected 200, At 1ift
coefficients below 1,2 for. the model with flaps defiected
509, there i€ on under-suifece teil gtell which is-portigu-
lerly noticeable with 50-pevcent rated power (simuldted .. -
approach condition), 'For.hizher 1lift Coefficiénts, de/dCL
indicates réecuste stability. A tendcncy for under-surrace
stell at low 1i7t coefficients ic indicated By .6Cp /dCL
for 11 tests made with flspe deflected. The magnitude .
increnses with flsp defloction ané power ané is sufficient
to produce severe stici~freec ianstebility. However, Hrevious
tests mede on glnilar models have indicated thetv the under-
suriface stall obgserved at low Acynolds numder tenGs to
Glsapnear at hisn Reynolds: puhoez E

=
=h
=4
o
(¢
d‘
Q
H)

‘Propeller Rotation on Longitudinal Stability

Cheonzing proveller rotation on enzines 1 and 2 from
clogzwise To cC« nnuclcjoc;T ise moved the stick-Tixed neutral
point 1 oercent the 1.4.C. =7t for ths roated-power climb
tut £ai ixed ste then flapns
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f the change in stebility was less than
i:g“ovgnent in st"oillty for ratsd-powar clinb
ifference between thc beneficisl eIfect,of the
upulld'ﬁf Dladees operating on the reletively large chord
ssction Of the stabilizer snd the detrimental effcct of the
downturning bisdes oparating on the smsll chord section of »
tne stab 111"fr. I$ toz tip of the horizontel teil ext ended
only to the cenier of the inboard slipstream, &6 1s apHroxi-
mﬂukly true on twin-engine airplance, The effect would have

ecn greater

Letzral-Directional Cherecteristics
if.

Fower off.- The aircotional stability in the cruise atti-
tude as messured Dy dlp/a¥ is -0.0C28 and the corregponding
dCn/d%p is -0.001%. Using the methods of refcreace Y, the.
cetimated values of dCpy/&¥ rnd &Cny/ddy are lwss—tn:n the
nesgured velues, 1aoicﬂting that the vertical tall is oOpPér—~
ating efficiontl 7 near .zero yew. However, in fizuras LM 25,.
e 2%, the verintion or C, with ¢ shows & loss in’ toil
effectiveness ot ¥ 2 199, ag indicated by a loss in the
restoriag moment. Also, the »uddér hinge moments show o
nerked increasc, Tho tuft photogrrnns of the model in the
crulsc attitule . 27} 1qdlcﬂt“ inercrsing rouznness at
about the widswan.of thne rudd for o yav- 1510 range of &0
to 140, Betweon l&o and 169 of vaw, the roushncss progresses
to a stall which cxtends to the ruddcr tip. Since the hinge
moments werc, affccted more thrn the yowing moments, the ceusc
wes probably separation at the rudder trailing LQIC wnlcr
changed the pressure distribution over tho ve thal surfa

The variation of quGL angle to ¢
angle iven i

With the of sideslipy is-given e
4 2 wedal force) ~—
COuErol linkage of | & (i°9fl force; 1\ = 1.51 with
- \é (ruddecr ninge momghf)fgr :
. ' - T LT
servo teb locked wee used for the comd ugation of rudder pedal
forces. These rcsults IncGicate thart 1o° of sidesliip can e

enforced with a full rudder cdeflectvion of 25°.  The rudder

'“;agx»mombnt v»sulunqc cen o& he uT“ﬂlﬁzcc wWitn less tnen half
(2bout 99) of the avhileable servo-ichd Gaflection

EQZ;E_EEf' The eppilication of _owcr in both the cruisc
and climb conditions decreascs ' d0,/dl by 11 perccnt.  For




--both conditions, the power-on dC,/dv. = -0.0025.

‘

The varistion of the pedal forces and rudder deflection
to trim with- angle of sidesliip is nearly linear Tor Tthe alir-
Dlane in-the: chﬂo condition (Vi = 140 mph, rated power) as

_ shown in Tigure 67. -With a rudder deflection of 20°, the
- airplane UWll trim st 12. 89 ancie of 'sideslin. A% lm- LEY f

deflections the rudder stalls, there oy greatly increasing .

the pedal forces It is expected that, at full-scale Feynolds

number, the effectiveness will be extended and & larger angle
- of sideslip will result ) S

. It is eﬂphgs¢zed that the 1cr“e neGal forces indicated
in the range between 0° and 20° rudger deflection are due ©o
‘the size of the urfaoe not nhighx hin E—WO‘ent coefficientg,

. ané ‘thet 170 of seryo tﬂb shou10 he CuITlC;ent to neuL“allze
'tqe rudcder hinge ﬂO“°ﬂESu .The resulting chenge in the trim
ngle of sicdeslin ‘caused hj this tab defTeoulon would ve

small : .

. With flaps extended, addéition of power causes & mar:
Gecrease in QCL/QU hhion ﬁeu‘rOIizes the Gihedrazl effec
for 50 percent rated nower and. 100 percent tale~off powe:

. Such a reduction in dihedral. eff LOT 1s caused by & movement

_of the center of w;nw Lift produced by the slipstream towar

»_tne tra:l1n; wing tip as . the model is vawed, meking the
reduction a TLnCulon of section 1ift coefflclcqt thiust coaf-
Ticlent, .and istance ;rOw.;ro;@¢le? disk to llftluu line.
‘Since twe 01neafml elfe0u is not. epuﬂeCWle negotive, the -
pilot should be avle ‘to maintesin satisfactory control by
wusingm.ﬂem 11eroqs."m

Dyonh eiluﬂe of the lePt outboar - engine Guring teke-off,
ebout‘llo'of rlgnt rudder are reguiréed to idaintain zero side-
slip (fig.-36). For this-déflection the servo tab is cepadle
ot redu01nﬂ Dedhl forcao corsldarably below the 1Z0-nound

limit. Since this i€ the @oat criticel condition for single-
éngine failure, tne vudavr is capable of handling the unbn’

anced yawing moments nroduced hy feilure ¢f any one engine.

o -3
<.

Fls ; *ffeCu'ncn ese.

The chenge 1n fl?p charpcterlstics with dynamic &
shown in;fig uré 3% is 1Wflveno,? by Msch number as wsll
Reynoids ,ngben-nwésﬁhe‘no¢¥a~J9ﬂbef incresses, the mar
1ift should increase;) :CH. s verified by the 1i

Q

Tt curv
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for g = 20 and 40 pounds pef square foot. For higher dynéamic:. -
pressures, the effect of Mach number cancels the. ‘beneficial
effectvof.npynolds number and there is negligible change in-

maximum 1ift coef Ticient with -dynamic pressure. .The Mach

number reached in normal flight with flaps extenaed will not .
‘exceed the Mach number.at a dynemic pressure of LO pounds per
square foot; therefore, the full-scale alrplane should not-

guffer the det”imental 1ach nuwb effect on maximum 1ift
coefficient.

The effectiveness of the outboard fl p (fiz. 39) remairns
nearly constant to a deflection of 300, Beyond this point
effectiveness decreases, reaching neutral effectiveneSs at.
about U5°, Based upon tnesa rcsults, it would appear that.
the deflectlon of the outboard flap should be limited to 3K0
or 409 to improve effectiveness of the aileron. 4s the
outboerd flap is retracted, the reduction of effective aspect
ratio of the wing is cleariv 111ustr9tgd by the marked
inecrease in COp at a given Cyf.

Effect of ¥Wing Pantls Carried Under Fus elsa

U‘)

The tcst results in figures 42 and 43 indicate that the = = =« -
wing panels ﬁount 3d as showm in figuré 40 cause 1little if any '
chenge in either the 1ift or the long 1tua1ncl—-ﬁno dlrect¢0n51—'

tabll_ty cnargctcrlatlcs They 6id cause a sllght change in
longitudinal trim and -an apprecisble incrcase in drag. .The:
drag iacrements are sumparized in the followln table for the
fleu-uncex’ected’condition. : R .
R : A A L
Wing-panel - . Diagram of ACD . ACp
configuration attachment at CL O.5_N at 0 = 1.0

“1

g o. 0035»~.~Lfb;bolb_,f'

L0062  .o0LsS
Wa Fuselage 0043 ., 00g2

. .- SO A . Bt
.y :
. P ‘

> - . - . - ] N .- CR




The foregoing results indiceste that from an asrodynamic
viewnoint configuraiion ¥y Drovides the rost-satisfzeotor
metiod for carrying wing wanels under tho fusclaze., IT
should be noted that use of thls msthod ';Guired thet the
center-section flap remain undeflected. The accompanying
mecinonical complications and the lose of the 00ntcr flap as a
lifting device might not he justified by the low drag for
tiiis configuration. ' '

~

Comparison of dMethod of Power ~ Opneration )

The vesulte indlicate an afreement betwesn the wmethods of

<
pouer opsration for the model with flsps undeflected,
deflects ' 20, The pitching roments with the'
flape cefl grratic, I T, and there ig a
lack of Sjale n the two 104.8. son for
the erra cEAVRE z pitchning-moment 13 shown in
&n eXeri: 0 we UG, Ths tail-remov 5 tohing-
momant ¢ nas » ically e constant With the taill
on, however, the varistion of the »nitchi curves is
irregular, leading %o ths conciusion tha il 18 sgtelled.
Such a teil stal Deoan ovssrved on 8 Airplanes in
which th il Gdred o supnly & 1 nload because.
of large »d cng ang high sower ns. Thus,
a closer € thieg.flan ceflecti 10t e
cxpectad.
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: Acida fron tho ontieipdted increcsd in dran, Tthire are
changes in pitching fomoent caused by thc cxbeusion of the
tricycle landing gonr. It is evident thet the effect of the
ting gcer on the wower—-off teil-removed charecteristics
0giti incremen Bite ",nf moment, Thie character-
th ed,'o ten occurs dug O Tth2 intzr-
et ing geer and the wing; however, the
1 the tell czused by the lending gear
1 ut onsosite eniit in ;tcnvrg moment.
he ziar (Hower off i1 oz) is a
nritudinal stabilit the
nding gear incrcase 1zitudinal
eflested, and decres tahility
with the flaps Go 0P, the
r ig okhscured hecau! unsteady
iouely,. ’




With the wing fleps deflectéd 2R° and with-the teil on,
hare is no change in the longit1olnﬂl stability occasioned
by opening th2 cowl flaps; however, & smnll trim change
(AC;, = 0.07, power off) is observed

y el 2 . - ‘- -~ > - ——~ " ! -
Effectivenecsa of the Center-Scetion Solit,Flap e

‘ The uvtility of the center-section s )llt flep was ou
tioned because of th: tenﬁency,bf.the.li:t to cLrry ove the
unflanood arca of the fuselaze and heerusd additional weight
and mochanical comnlications would be'involvc” in tho flﬂp
ingtrllation.

1ifs ¢ vy the cenver-
5% and cr,. tite .
résgultiy therenscd Cown=
wa al in < up-elevator:
req goer et “the deter-
mi ag the cent: »iit flap,
gly nny the abi clevator to
ma isude in th £ the ground
e 83) '

.The foregoing discussion. indicotes the following:

» 1. Tac sbﬂoi-flfef lonzitudinal etability of. the air-
wlane should be satisfactory sines it is positive for 211 .
normal flight conditions cxecept for teoke-off mower with' fleps .
chlcCtUC wh re¢ noubtrel tﬁNWlity is exhibitged.

2. The stick-frec longitudinal staBility is unsatis- .
feetory in & ratvcd-power cl snd for any powsr condition
with Tlans fully-e:tenéed. In the case of the reted-power
cl*mb,‘a DIl n the elsvotor gystem counteracted by
noga-un give satisfectory stability.  With flaps
gxtended ability is due to under-gurfoce stall
(vhich.m ~% fu“l—scrla Reynolés number), -and the

-

s
ing and telb would.)robg bl be ineffective
in tab ¢ ‘fcctlvwn;se w1bq surface Stalled.

3.7 The elovator JOW’m in landing is ne “cwn¢l¥ Deflection
E nter-scetion s»lit flap, ”LtJOan Provi 1ding no




edéitional 1ift, causes en incrementzl pitching moment which
is berneficial in reducing the up-elevator required. The
control forces For landing will be high unless the maximwn

teb deflection ig incrcased to 250,  Control forces in cel-
eratcd flight will @lso be high Tor the design control llﬂ-@ze
but could be 1morove6 by ad justment of the linkage

e in vropeller rotation produced very little
-5iuua¢nal stabil *t;, primerily because the

-

L
epanned the Sll“Sb”“Dﬂ of the inhoard pro-

L. Cha ang
increase in the
tail COHPLubCl
Dc11€f :

RN ¢

rnodecl which
l,: ower l S
any one
exeessive.

5. The 01““ctlongl choracteristics of the
were invastigated arc satlsfrctory. The rudde
sufficicnt to meintain zoro yaw uron ﬁ”ilur o}
enzine, and the control forces roculired are no

ct Hy '1 [¢]

:tisfectory exccpt ror |

6. Loteral characteristics ere se
BO=-nercent ané 100~-parcent taizc-off nower in the landing
configuration. Usc of thd silérons is regulired to nick up
& wing but this should cousc no perst ticular €1¢:;0u7‘" Dro-~
vided the allcrons src cffective in this condition. The _
deflzction of the outbosrd flap should be limited to 359 or
g0 $o improve the effectiveness of tho leterrl control
unless the cutboerd flesp effectivensse impraoves with Reynolds

numbor,

s

7. Tne results obtained by the two methods of nDower
ocueration arc eqguivalent nrovided the rorizontal teil is not
stallcd. :

&, In general, the landing gesr incresses the static
longitudinsl stebllity, wower off. However, with poweh 2t
e flep deflection of 259, stability is obﬁr'«seq The effect
at e Fflap cdefleetion of 500 is obescured by the stelling of
the tail.
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Wing
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Area, sQUATS TG o « « el s v 4 4 e e e e e .. By

2
Span, TEEL - . v v v e e i e e e e e e o ... 3,602

Hoan serodynsmic chord, feet . . . .\ . . . . . . 0.520

:_l
l_l
O
[ON

-Asnect'ratio; : oot
Taper ratio ; e e e e e e e .;n'. .. %.25&1
Dihedral . . . W . . v e e e e e e e e e B°
Sﬁeepback.. Coe e e e e e ,HO—perbenf chord line straight
Incigence of TOOthﬁde;. ... . 1 A '5;916
e Ce fﬂ,f.,; . f'1;2§° 5f'Washout

Geometric twist,. .

ty (25 ovrccnt L.A ¢.) to . -
O t . . . LI - . o: . P "2..‘97

ij' o
H,
,'_
[-4 -‘7

arew l
or hing:

"Centor of gravity (9“ pcrocnt”MrA.C;) to
rudder hinge, Teet . . . L o L0 oo . o0 o 2.93

. Horizontal tail
Area  squarc fect . . . . . 0 e e . e e 1.702
Spen TEEY et e e . e e e e 20750

As ect ratlo D | 5
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8p deflection of rudder cohtrol (servo) tab, degrecs

Excopt where noted, all resu ¢ wresented in the

of stondard HACA coofficients roforred to the stebility
oo ugn centor ity loczted at tha 25
ent or aupuort tercs and
our e jot-wouncaory
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(a) Flaps undeflected and landing gear retracted.
Figure 8. - Photograph of test model mounted in the tunnel.




(b) Fleps deflected &nd landing gear extended.
Figure 6.- Concluded.
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FI&URE 24.- VARIATION OF AERODYNAMIC CHARACTERISTICS WITH ANGLE OF yAW
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FIGURE 28. — VARIATION OF AUDDER HINGE-MOMENT AND YAW/INGNOMENT COEFFIC/IENTS
WITH RCDOER ANGLE FOR THE TEST7 MODEL ; FLARS AND GEAR RETRACTED ,
RUOOER 7AE8 CNDEFLECTED, PROPELLERS REMOVED, '
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FIGURE. - 29.— VARIATION OF RUOOER AAINCE=MOMENT AND YA WING~MOMENT COEFFICIENTS
) - WITH RULOER ANGLE FOR 7HE TEST MOLOEL ; FLALS ANO GEAR RETRACTED ,
RUODER TAB DLEFLECTED 70 + /O ; PROPELLERS REMOVED.
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FIGURE 3|, —VARIAT/ON OF RUDLER HINGE-MOMENT AND VAIWING-MOMENT COEFFICIENTS
WITH RUDDER ANGLE FOR THE TEST MOOEL ; FLAPS AND GEAR RETRACTED !
RUDDER TAB DEFLECTED 7O +20°, PEOPELLERS REMOVED.
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FIGURE 35~ VAE/AT/ON OF YAWING -MOMENT AND. RUDDER. HINGE — MOMENT .
COEFEICIENTS WiTH RUDDER DEFLECTION FOR THE TEST MODEL. .
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(a) W.
Figure 40. - Wing panels mounted under the fuselage of the
test model.
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Fieupe €€ - VARIATION OF PEDAL FORCE :AND BUDDER ANGLE
WITH ANGLE OF SIDESLIP; V= 200 mph; PROPELLERS
REMOVED, 7EST N 00&EL . ' |
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FIGURE 6T~ VARIATION OF PEDAL FORCE AND RUDDER ANGLE
- WITH ANGLE OF S/DESLIP FOR THE TEST AIRPLANE ;
Vi= 140MPH; RATED POWER AT SEA LEVEL. ; CeymB CONDITION.





