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winD-Torcx nnncTiCATioiT OF THF SFFOT OF PCWTS AKD FLUB 

OK TK3 STA'flfi LATERAL STAIiltfTy AMD CCHTEOL CHtö1CT:;RICTIC;3 

OF A Si:JGL.'>T5lCUE EKEI-WISS AHtFUIß MODO, 

By John H. Un^snmi. 

S0Mi«Jiy 

|: 

An invostltJation was co~dueted to determine the affect of power 
and of f;UJ.-npan jlcttod fla^ on the static lateral stability ana 
control characteristics of a slufla-onclr« hi;Ji-vin: airplane with 
tall or. and tall off«    Tl:e uotlol eomjinationt investigated included 
three power conditions - naisly, propeller off, yregpaUay wlndiuiUlnfc, 
and power on - teoto:! with flap neutral, single slotted flap, and 
doublo slotted flap. 

The application cf nowor with the flap neutral was found to make 
no appreciable chants in the effective dihJdrol, to increane the 
directional stn.biJ.lty at low lift coofficiortii, and Co reduce tho 
rudder effectivon-an (rate of «hanfi cf anijle rf yaw with rudder 
dofle tlon).   Deflection of tlm sinflo nlotted flap ilemeasod the 
effertlvo dihedr-al,  toweawi the directional ut-'.billty, and increased 
the    uddov offeftlvenens.    Itoflectiori of t'.a» double slotted flap with 
power cu decreased tho effective dlhodrr.l, ln:roase'. tho directional 
stntllit;', and decreased the rudder effectiveness.    Tho addition of 
tho tall surfaces laaroaaad the ol'fsctlve dihedral ar.i the directional 
stability. 

In corwarirc the hlfji-winc and low-wine i-odalo, the hlch-winc 
oodcl was found to hhve (/w.tar effective dllwdrul and jroatur rudder 
effeetiveneps than the low-wi.-.t laodol; however, the fin o>.'fo.:tivonnos 
on the hltn-vlnj nedel waa fo-ind tc be tho a »liar. 

iirrRcvonic« 

The djr«,lcp;aent and use of hicJjer-pcwerat'. onclnes en airplanes 
have Introduced ^renounced and lnportant effucts upon tho stability 
and ocntrol ehcractorlstlcc of the airplane.   Loro* slipstream offoct« 

I 
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and Increased wlnfc loadings have been observed as a result of Increased 
engine poiier. 

In view of the aforementioned developments and problems resulting 
therefroa, a comprehensive investigation wao undertaken at the 
I*. lf>> 7- by 10-fo»>t tunnel to determine the effects of powr, full- 
span single slotted a:id double Blotted flaps, and vertical position 
of the wins on the stabillt. and control characteristics of a model 
of a typical single-engine airplane. The results of the longitudinal- 
stability snd lateral-stability Investigations of tho model as a lov- 
ving airplane model are presented in references 1 and 2, respectively. 
The results of the longitudinal-stability investigation of the model 
as a hl'ii-w'r.... nirplane are presented In reference 3. The present 
paper deals vith the Investigation of the lateral stability and con- 
trol characteristics of the model as a high-vine airplane model. In 
addition, the effect of win« position on lateral stability character- 
istics Is included in thic report. 

ccCTFicnwrs «ID SYMBOLS 

The results of the tests are presented in the form of standard 
!:ACA coefficients rf forces and mauents.   Rollins-moment, yaving- 
Kcoent, and pltchlrr-nomcnt coefficients ere ^ivon about the center- 
of-o^vit;- location (26." percent M.A.C.) which is shown in figure 1. 
The dsts ore referred to the stability axoa,  which are a system of axes 
having their cri.-.'n at the center of trovity and in which the Z-nxis 
is in tho) piano of e;mjtr;' and perpendicular to t)ie relative wind, 
the X-axis is in the plane of sjmrautry nnd pe:"pendiculsr to the 
Z-axlo, and the y.aXin is perpendicular to the plane of symmetry. 
The positive directions of the stability axes,  of annular displace- 
ments of the airplane and control surfaces, and of h'nije moments ore 
shown In flguro 2. 

The coefficients and s:iabols sre doflned es follows: 

CL lift coefficient   (z/gS) 

Cj loncltudinal-force coeff.'clont (X/qS) 

Cy lateral-force coefficient (Y/0.S) 

Cj rolling-moment coefficient (L/qSb) 

Cg pitchlnc-ooment coefficient (H/qSc1) 
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/avine^aoment coofficient    (N/qSb) 

rudder hinge-moment coefficient   (iL./g.hj.c..  ) 

effective tarnst coofficient booed on vin/; area   (T,^/0.3) 

torque coefficient   VQ/p1rD^ 

propeller advance-diameter ratio 

propuljivo efficiency   (TeffV/2itntil 

lift 

longitudinal force 

lateral force 

rolling r. -nc-r.t 

pitching mcmert 

yawir.,; aoemnt 

;.1r.. f v-aur.t,  pound-foot 

propeller ef:"cct;ve thrust, pounds 

propeller t:>i-o.uo, pound-feat 

frec-otreajt dj-naKii preosuro.  pound* per cqunre foot   (pV^/cy 

vlnfc *rea (9^ »1 ft en model) 

win* mea.-. eercd.7uri;c chorä (M.A.C.)  (I.j6 ft on model) 

rudder root-sea:i-aq,uare chord iaclc Of hinc» lino (0.353 ft 
on :rio)) 

win   epon, unless otberv'.sa defined (T.^C ft on model) 

rudder spnn alonj> hinge line (1>90£ ft on model) 

air Telocity, feet par seconi.' 
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propeller diameter (2.00 ft on model) 

propeller speed, revolutions per second 

Base density of air, slues per cubic foot 

ancle of attack of fuselage center line, donees 

sr.JLe of yaw, degrees 

control-surface deflection vlth respect to chord line, 
degrees 

propeller bl3de anglo at C7? radius (25° **• model) 

effective d.'.hedral. doiroos 

Subscripts: 

a      a Her or. 

e      elevator 

r      rudder 

•      denotes partial derivatives of a coefficient vlth respect 

to engle of yaw [for example, C, 

tlal derivatives of a coefficient 
/ ac,\ 

of yaw [for exwple, Cj    « —-I 

\ *     **/ 

M015SL AKD AHABATUS 

The teats were uode In the Lan^ley 7- by 10-foot tunnel vhloh 

Is described In references k and ?.    T)ie mrdol von a --ccale nodel 
5 

of a f 1 rjiter-type airplane ami Is shown la fl0OT 1.   The win;.: was 
fitted with a 'iC-percent-chord double slotted flap which covered 
93 percent of the ener. and v«a dorl.yied from data in reference 6. 
For the flap-neutrr1 tests the fleps were retracted and the japs 
between the flaps were faired to the airfoil contour with modeling 
cloy.   The rear flap of the d"Uble-slotted-flap configuration, which 
represented the flap for a sln^la-slotted-flap confiGuratlon, had a 
25.66-percent chord and vos maintained at a Betting of 30°.    The 
front flap was retracted and faired to thd airfoil contour with 
modeling cla;, .   For the double-alotted-flap tests, the rtar flap 
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was set at 30° relative to the front flap which in turn vas set 
at 30° relative to the win,;. With flaps deflected, there vao about 

—inch clearance between the end of the flap and the fuselage. Ho 
3? 
landing ».ear vas used for these tests. 

A detailed ("ravine of the tail asseably is shorn In figure J. 
During the preliminary stageB of the Investigation a conventional 
horizontal tall surface was found to be inadequate in providing 
longitudinal trim «hen the double slotted flap «as deflected.   As a 
result,  an inverted Clark Y airfoil section equipped with a fixed 
loadlng-edce slot van uaed.   When the model was testsd vith flap 
neutral and vith the single slotted flap deflected, the tail slot 
vas sealed; vith the double slotted flap doflected, the slot vas 

1° open.    The vertical tail (fig. 3) vas offset 1-   to the left to help 

counteract tho asymmetry in yawing moment duo to slipstream rotation. 

Pover for the 2-foot-dlameter, three-blade, rirjit-hand, metal 
propeller usod vas obtained from a 56-horaepover water-cooled Induc- 
tion motor mounted ir. the fuselage nose.    Propeller speed was measured 
by means of an electric tachometer vhlch vas accurate to within 
0.2 percent.   The dimensional characteristics of the propeller are 

'v:. in figure U. 

Rudder hlr.-;e moments were mean-rod by means of an electric 
strain ppcqa mounted in the fin. 

TE3TS AID RESULTS 

Test Conditions 

The tests were made at dynamic pressures of 12.53 pounds per 
square foot for povor-on tests vith the double slotted flap deflected 
and 16.37 pound8 per square foot for all other teats.   These dynamic 
pressures correspond to airspeeds of about 70 and ft) miles per hour, 
respectively.   The test Reynolds numbers wore about &75,uCO 
and 1,UOO,000 based on the vine mean aerodynamic chord of I.36 feet. 

Corrections 

All pover-on data hove been corrected for tare effecta caused 
b;- the model sujnort strut. The power-off dtta, hoover, have not 
been corrected for tore effects because they have been found to be 
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relatively email and erratic on similar models, especially when the 
flaps are deflected. Jet-bo'indory corrections have been applied be 
the angles of attack, longltudlnal-force coefficients, and tail-on 
pltchlnc-ncoent coefficients. The corrections vere computed so 
follows: 

Aa 57.3\ | CL 

where 

£Cy 

to. 

•Sfot* 

-ih-f* C Slx 

w 

I 

c 

Jet-boundary correction factor at wine (0.1125) 

total Jet-boundory correction factor at tall (varies 
between 0.800 and 0.210) 

model ulna area (O.Uk so. ft) 

tunr.el cross-ssctijr.nl area (69.53 sq. ft) 

change In pltchlng-mansnt coefficient per degree change In 
stabilizer setting as determine! In tests 

V* ratio of effective dcnanlc pressure over the horizontal 
tall to free-streari dynamic prossure 

Test Procedure 

Propeller calibrations vere made bv aeasurin.. the longitudinal 
force for a raar»  of propeller speed with the nodol at «ero yaw, 
tero angle of attack, flrps neutral, and tall reaoved. The effec- 
tive thrust coefficient was then computed from the relation 

CT. 
"(prcToller opvstine)        ^propeller rcaovod) 
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The motor torque TOB aloo measured and the propeller efficiency 
computed.    The results of tin propallir calibration are shovr in 
figure 3i   Figuro 6 illustrates the relation botvjan   Tc'   and   CT_, 

vhich la representative of a topical constant-speed propeller.   For 
simplicity, a etrai{*t line variation of   T0 •   witli   C^   TOO used. 
The propeller speed required to simulate this thrust ooiiditlon TOO 
determined from figures 5 and 5.   The approxiDBte amount of enci.no 
horsopowir represented' la £lven in figuro 7 for various model scales 
and vrtng loading.   Tents vere elao made vith the propeller off, 
propeller viiidolllinc, and constant   Tc*.   The value of   Te'   for 
the testa with the propeller vindmllllng vas about -0.005. 

At each oivjle of attack for pover-on yav tests the propeller 
speed vas held constant throughout tho ynv range.    Since the lift 
and thrust coefficients vary with yav vhon tlie propeller speed and 
angle of attack are held constant, the thrust coefficient Is strictly 
correct only at cero yav. 

lateral-stability derivatives vere obtslnod from pitch tests 
st angles of yav of ±5° (hereinafter tensed slope tests) b..  assuming 
a straight-line variation betveer. these points.   Tho tests vere made 
vith the propeller off, prooeller vindmilling, constant pover, and 
constant   Tc'. 

Oilnn to ar error in part of the investigation of the doublo- 
slotted-flap conftfurrtion, some of the data are oeitted. 

Presentation of Results 

An outline of the figures presenting the results of the investi- 
gation Is given ss follows: 

Figure 

Effect of pover on   Cj ,    Cr ,    and    Cy 5 
Flap neutral ....*..  Ü* T 8 
ninjrjle slottod flap deflected     9 
Double slotted flap deflected      10 

Increments ir.   Cj ,    Cr ,    and   Cy     resultinc fron: 

.'-vor (constant povor minus propeller vindmlllint) 11 
Flap deflection 12 
Tell surfaces 13 

.• '    '- 
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Figure 

Aorodynaitlc characteristics in yav: 
Flap neutral  lb 
Single slotted flap deflected      1? 
Double slotted flnp deflected    .   .   .   .  l£ 

Hurtder control characteristics: 
Flap neutral  17 
Single slotted flap deflected      l8 
Double slotted flap deflected      19 

DISCUSSKB 

The follmrtne discussion is concerned vith tho tail en the 
model except \Aero othervlse noted. 

Kffcctive-!Vh«dral Perivativa 
(%) 

The variation of   Cj      vith   CL    (figs. 6 to 10)  is generally 

smooth f -r oil pover conditions end flop conf1durations.    In general, 
the yav tests egree vith t!ie slope teats ue is indicated b;. tho 
lar.;e symbols on fi.^uroa 8 to 10.    (Tho lnr i> symbols represent 
slope values taken at zero yav from the yav tests.) 

ttfect of pover.- The Incremento in   C»      due to pover (constant 

pover minus propeller vr.dr.illir..*) are shvtm in f i;7ure 11.   Applica- 
tion of pover resulted in no cppreciable change of effective dihedral 
for the flap-neutral case   but decreased the effective dihedral vith 
the single slotted and double slotted flap deflected /Cj    • 0.0008 

is anprox. equivalent to 1° of effective dihedral).    This decrease 
in   Cj      vith flaps deflected is cauced by the lateral shift of the 

slipstream over the trailing vlnr, as the airplane ic aidonllpped. 
Ti.e latoral cantor af pressure of the added lift due to pover moves 
outboard and creates a roiling moment about the center of gravity. 

The reduction in effective dlhedrel cevsed by pover (complete 
model) rented from 0.;° to -0.5° throu^iout the lift ran^e for the 
flap-neutral configuration, from -O-S0 to -3° for the sincle-elotted- 
flep configuration, and from -5.5° to -13° for'the double-slotted- 
flap configuration. 
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Effect of flap deflection.- The effect of deflectinc the oinele 
Blotted flap on the effect." ve dihedral la shown In figure 12.    Inasmuch 
aa the double-elotted-flap conflcuratlon was not lnveati^ated at a 
low enough lift coefficient to Make a direct comparison vith the flap- 
noutral configuration, a comparison of the increments of   Cj     between 

• • 
slngle-slotted-flsp and double-alotted-flap deflections are preaented 
In figure 12 to ahov the effect of the double alotted flap. 

• 
Deflecting the single slotted flap resulted in a decrease In 

effective dihedral with both power off and power on; hovevor, 
deflecting tiie double alotted flap (in comparison vith the single 
slotted flap) resulted in'au lnci-oaso of effective dihedral vith 
power off and in a decrease vith power on.   The Increase in effective 
dihedral vith power off la thought to be caused by unsteady flov 
condltlcJhn resulting from tho deflection of the double slotted flap. 

Effect of tall gjrfncea.- The effect of tho teil euvfaces on 
the effective dihedral is shovn In fieure 13-   The effective dihedral 
was increased vith the addition of the'tail surfaces tor all condi- 
tions tested - the increose fcatafl slijitly larjer Tith power on than 
with power off. 

It haa been previously- establiahef. that tho r.-lllng moment 
contributed b;.  the vertical tall is dependent upon the distance fro» 
the X-azla to the center of pres8ure of the ve-tLeal tail.   Fur a 
given lift coefficient the flep-noatrul confIsuraticu (hitJi an<jlo of 
attack),  therefore,  vnuld produce tie smallest positive Increment 
In   C,  ;    and tho double-elottad-fiap configuration (lov an^le of attack), 

vould producu foe j-ontoat prcitivc increaunt in   CJA,.    Thiu +rond la 

ahovn to occur for tho flap-neutral and sln'jle-slotted-flap configu- 
rationa.    Bo.auoe n" double-elotted-flap tail-off data are available, 
increments In   Cj^    resulting from the addition of the tall surfaces 

for this flap configuration are not presented. 

Sffect of wing poaltlor..- The hlfjj-vlns model his less kecoetric 
dihedral (l.<?°) than the lov-wlnr. model (5.0°)  (rof errace 2).    A com- 
parison of the results in reference 2 and those prcse:.teO. herein, 
however,  Indicates that »he hli^j-ving model ho greater effective 
dihedral when pover la aprllcd and when flaps are deflected than the 
lov-vlng model.   An explanation of tho greater effectiva dihedral of 
the win.-, in the hiih position is given in reference 7. 
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Dlrectlonal-Stebillt;- Derivative 
(%) 

affect of power.- The effects of power on C„^ are presented 

in figure 11.    With the teil off, power produced n destabilising 
effect for the flap-neutral end sinale-slot-Led-flop configurations, 
vith the destabilising effect increasing with increasing lift coef- 
ficient.   Vith the tall on, the resultant effect due to power was 
favorable for all flap configurations with the exception of the 
flap-neutrel coi-flguratior. which hed a slight destabilizing power 
effect et low lift coefficients.   The contribution of power to   C„. 

(c-icpleto model) varied throughout the lift range from about 0.0001 
to -0.0002 for the flap-neutral cocflcurction,  -0.0001 to -0.0011 
for the sln^le-slotted-flap configuration, and -0.0017 to -O.OOOU 
for the douule-elotted-flap configuration. 

The edditlen of the windmllllng propeller decreased the direc- 
tional stabil«;  for ell flap cenfljurat!ens with tail off end tall 
on, except for the double-slotted-flap configuration with tall on 
where the directional stability was increased.    (See figs. '• to 10.) 

Effect of flap deflection.- Deflection of the single slotted 
flap produced 0 destabllizlnc effect on the directional stability 
with tail off above a lift coefficient of 0.8.    (See fig. 12(a).) 
With tall on, the directional stability was increased with both 
power off and power on.    (See fie- 12(b).)    The contribution of   AC_ 

"* 
produced by the sint^le-slottod-flrp deflection (complete model) 
varies from -0.00027 to 0.00003 vith the vlr.dm.'.llir:. propeller end 
from -O.nO03C to -0.00039 for the constant-power condition.   The 
data presented ero generally in agreement vith the theory that flap 
deflection increases the directional stability.    (See references 6 
and 9-) 

Deflecting the double slotted flap had a favorable effect on 
the directional steblllt;  for all tail-on conditions.    (See fig. 12(b).) 

Effect of tall aurfaceo.- The addition of tho toil surfaces 
increased the d-'ructlonal stability in all canes investigated. 
(See fi.D. 13(a) end 13(b).)   The increments contributed by tho tall 
increased with lnci-eased   flap deflection and also increased with 
Increased power. 

The effect of tall configuration on the aerodynamic character- 
istics In |M (from UO° to -Uo°) is presented In figures 1U to 16. 
The dlrectloral stability is loss in all cases when the rudder is 
free than when held fixed.   Ho rodder lock occurred for any of the 
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configurations tested.   Rudder lock Is determined by the reversal 
of the yawing-aoment curve only vhen the reversal passes throuph. 
sero /ovirg moment.    The decreased slope of the yawing-moment curves 
at about il8° yew la figures l>t(b) and 15(b) and at l8° yaw In 
fifvure 16(b), as well as the reversal of the yawing-moment curve at 
about -10° in figure 16(b), la probably duo to vertical tall stall. 

Effect of vlnfc posit)OB.» A study of ttble I In reference 2 and 
tablo I lr. the present paper shows that raising the wing from a lov- 
wlng position to a hlgh-wlng position greatl;- reduced the fin effec- 
tiveness   (&„.    due to tellV    (See referencu 9.)   The effect of 

wing-fuselage Interference on fin effectiveness hes been shown (refer- 
ence 6) to be unfavorable for hljh-wing desl^u.   For a hlgh-wlng 
airplane tho vortical tall Is mainly in a region of dsstabllixing 
sldewash.   A more detailed explanation of this unfavorable inter- 
ference 1= found la reference 9« 

Directional Control and Trim 

Zffoct of power en rudrter-control and hlr-ae-monen1: charector- 
latlcs.- A auranary of some of the principal rudder-control and hinge- 
moment peranetcrs obtained from the results of the yaw tosts (figs. 17 
to 19)  is given in tebla I. 

The eppllcat?on of power decreased the rudder effectiveness 
06, 

with the flap neutral -...' -..-tth the double slotted flap deflected; 
however, with the single slotted flap deflected the rudder effec- 
tiveness was Increased.   The deflection of the single slotted flap 
(power on) Increased the rudder effectiveness, vhoreus deflection of 
the double slotted flap (compared with the flap-neutral configuration) 
decreased the rudder effectiveness. 

For the flap-neutral configuration o:il;  small changes occurred 
in the hinje-moment parameters   C^     and   "Ch-/-0^.   vi.Vt\ power.   The 
thrust coefficient Is low for this condition (lo"   Pj,)j    therefore, 
power effects would also be expected to be low.   For the slngle- 
slctted-flap and double-slottod-flay csnfl.vurations, the application 
of power greatly Increased the values of the hin/ve-nouent parametera. 
This effect Is especially noticeable on values of   Ch„     for the 

double-slotted-flap configuration. 
s 

Effect of parier on trim.- A factor of prime Importance to the 
pilot is the trim change with power.   The dashed curve for   Cy • 0 

r 

-_ 
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on tho yawing-nomont curve» (fine- V to 19) indicatoB points on the 
C -curve at which tho lateral force la toro.   The point at which tha 
curve for   Cy « 0    !ntor3octc the Cn-axin giveo the rudder deflec- 
tion and yav anjle necessary to maintain stiT. Ljht flight with soro 
bank.    Tho changes in rudder deflection required to trim with the 
wings level vhen pover la applied pnd the corresponding chingee In 
yav angle arc ao folluvs: 

Flap a 
(de3) %m ^trim 

(dos) 
-^trim 
(dog) 

neutral 
Single slotted 
Double slotted 

1-7 
9.6 
9.* 

0.3 
1.9 
3-1 

0 
-6 
2 

-1.5 
.2 
.25 

The foregoing data shov that tho trim changes caused by pover are 
email; thus,  good control ir Indicated. 

Effect of vlng pooltlon.- Higher valuer, of   ctyj^Oj,   ware 
obtained with the high-win^ model than with tho low-wing model 
(reference 2).   This «"iffercnco in explained by the fact that 
vheroae    HSnß6r   i3 nearly tho same far both hltfi-ving and low-wing 
nodelo, the low-wing model ties greater stability   /C,   \    due probably 

to favorable side-wash characteristics at tho tall. 

Rudder defloctlors required to trim the high-wing design ere 
onall; thus,  good control Is Indicated.   The reaultj for the low- 
wing design, however,  indicato relatively ler;jo deflections to 
mu'r.teln trim. 

The hlnre-momont parameters °hr* Bill' *hr/-«r for the low- 
wing and hiji-vlnj adele are within reasonable a_rcouK-nt. 

concJiöioNS 

Toste ware conducted on a hiRh-wing powered mortel of a typical 
fif.hter airplane v.'tl. tull on and tall ofi' oarlppnd with full-span 
single slotted flap ard full-upan double slotted flap to Investigate 
the effects of power and flap deflection on the utnUc literal sta- 
bility and control characteristics.    Effect of win,.< position on 
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lateral stability and control characteristic» vae also inventtfjated. 
The tt llcvir. , conclusions can be drevn from the data precented. 

1. Effect of pover: 

(o) Application of pover had no effect on the effective 
dihedral vith the flap neutral; hovover, vlth the single slotted 
and dovble slotted, flcp deflected, application of pover decreasod 
the effoctive dihedral• 

(u) The application of pover lncroasod the directional sta- 
bility of tiie. eonpleLe nodal except vlth flap neutral at low 
lilt coefficients. - 

(c) The application of p ver decreased the rudder effec- 
tiveness with the flcp neutral and with the double slotted flap 
deflected and' increased rudder effectiveness vlth the single 
slottod flap doflected. 

(d) Trim changes cauaei* by pever vore snail; thus, good 
control vao indicated« 

2. Effect of flap deflections 

(a) Doi'loct'fis the ei:ii lo slotted flap decreased the effec- 
tive dihedral; hovevor, deflecting the c'ouble slotted flap 
lncraesec'  the effective dihedral vlth J»ver off and decreased 
the effective dihedral vlth pover on. 

(b) Deflecting the single slotted flap increased the direc- 
tional stability of the ccmpleto model vlth both pover off and 
pover en.    Deflecting the double slotted, flap increased the 
directional stability t'T all ta^l-oj» nonditiorn. 

(c) Deflecting tlie single slotted flap inci-eaaed the rudder 
effectiveness for the pover-on condition, vhereas deflecting 
the double elottjo flap (eccpared vlth the flrp-neutral con- 
flcuratlon) decroeaed the rudder effectiveness. 

3. Effect of tell surfaces: 

(a) The effective dihedral vas Increased vlth the addition 
of the 'jail surfaces. 

(b) The tail aurfaces added Increments of directional sta- 
bility fcr ell flap -.rid povor conditions inveotl.ated. 
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k.  Effect of wlnß rooitlon: 

(a) For the high-vine model Greater effective dihedral was 
apparent thim for the low-win- mdel when pover was applied 
and flapn were deflected. 

(t) The fin effectivoneao vac leea on the Mgli-wiup r»dol 
than on the lev-wine model. 

(c) Tho rudder effoctiveneea wne found to he cTsatM' on 
the hi5h-wte£ rodel than on the low-wine. -»481 T»cauBo ei leas 
dlrootional stability for tho hifch-viac model. 

(d) Application cf power rosulted in mnall rudder Aeflec- 
tione required to trin on the hirh-winc deeiGn and larys rudder 
deflecticno on Ü10 low-win;; dosi.n. 

Lanrley hcrsorial Aoronauticiil Laboratory 
National Mvioor-.' Corrftteo for Aeronautice 

Iaiicley Field, Va., May 6, J9"*7 
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Fig. 2 
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Figure 2.-   System of axes and Altrol-surface hinge moments and 

deflections.   Positive values «forces, moments, and angles are 
indicated by arrows.   Positive values of tab hinge moments and 
deflections are in the same directions as the positive values for 
the control surfaceado which the tabs are attached. 
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