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APERIVENTAL DETERIINATICON OF THE EFFsCT OF
NELGATIVE DIHEDRAL CN LATERAL STABILITY

AND CONTROL CHARACTERISTICS AT HIG

e McKinney, dJr.

SUNMARY

The effects of negatlive dihedresl on lateral stsbllity
and control characteristics at high 1ift ccefiicients have
‘been determined by flight tests of a model in the Langley
free~flight tunnel. The geometric dihedrsl angle of the
model wing wes vsried from 0° to -200 and thv_VePulual—
tail area, from 0 to 35 percent of the wing area. The

model was flown with various combinations of dihedral angle
and vertical-tell sres at llLu coe*’icients of 1.0, 1l.i,
and 1.2,

As the effective dihedral wes decreased from Q°
to =159, the model became increasingly difficult to fly.
With sn effective dihedral of -150 the flying charscter-
istics were considered to be dangsrous bscause, when there
was only e slight leg in the EleLCdtlon cf corrective
control LCllOWlﬂg a disturbance,. tiie unsteble moments
resulting from sniral instability became sufficiently large
to overpowsr the moments of the controls so thst return

to straight f‘lvht wss impossible. Inasnmuch as full-scale
airplanes bescsusse of their greester size will diverge at

a slower rste then free-flight models, the amount of nega-
tive effective dinedrel trmet woula ccdu,;uauﬂ a dangerous
condition is expectsd to be grester for full-scale air-
planes,

IncreQS1ng the directional stability reduced the
magnitude of the sideslip end improved the general flight
behevior. In the negative effective-dihedral range,
increasing the 1ift coefricient from 1.0 to 1.8 had =
slightly detrimentel effect on ths gensral flight shavior
of the model st any given vealue of effective dihedral and
directional stability.
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The oresent investisation corsisted 1n power-off
flirsht tests of ¢ model on walcl. the geometric dihedreal
engle was VGPied from 09 to =200 for verticel-tail areas
from 0 to 25 nercent of the wing arsa end for 1ift coef-
ficients of 1.0, 1.4, 2nd 1.8, gSufficient combinations
of dihedral sr~le ond teil ersa wers tested et csch of
th2 three 1ift cocefficlencs t T e the sefiect of

teil =

e o
il

= ot
{

-t on the lateral
rengs of
s of the

i 8
dihedral, te a, snd i
gtability end control characteris
the verisbles. The results of th

)
-~

st
rodsl sre vresentsed in the form of »1itavive ratings of
the general flight bchavior of the model for esach test

condLL*on.
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SYMBROILS

m mass of model, slugs

S wing erea, square feet

St vertical-tail ares, square feet

b wing span, feet

v free-strean velccity, feet por second

q dynamic preszure, pounds per square foot

T time to damp tc one-hell amplitude for s
divergence, csconds (negetive values
time to incresase to double amplituds)

kK radius of gyration of model about longit:

: fest

ko radius of gyretion of model about vertic

R Routh'!'s discriminant

D coeiflcl nt in stability guartic egusatio

eference 2

B efficient in stability quertic equetio
reference 2

A roots of stablility quertic equation

r yawing enguler velocity, radians per sec

o mass density of eir, slugs pzr cublc foo

B angle of sideslip, degreses sxcept where
specified

) rolling engul-r velocity, radiens »sr 3e

e flight-peth angle, degre

T gzometric dihedrel angle of mean-thilcknes
degrses

<
Q
[
|
V]
()
[43]
]
ot
[42]

al axis, feetl

kS
lize]
[N
<
Q
=
i
o

in

3
0
et
<
®
ja]

ond
t

otherwise
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s 1line,
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] 4 2 - L
plane relstive-density factor (pr)

m
time~-conversion factor \pSV)

i ft\
1ift coefficient —1——)

[ Latersl force
laterel-force coefficient (

gs

. ' e s Rolling moment
rolling-moment coefficisnt ( = \
N a3b /

. ne .. [Yauing moment\
vewing-morment coefficient .“b
| qS /

rate of chesngse of lateral-force ccafficient with
angle of sideslin, per radian (0Cy/0B)

rate of chengs of rolling-mement coefficlent with
angle of sideslin, »er degree except where
otherwlse ssecified QBCL/Bp

rete of chen of yvawing-mcment coeffic1ont with
angle of ideslip, per degree except where

¢ otherwise srecified (6Cn/éP)

rate of change of rolling-moment coefficient with
: : /901 \
rclling-anguler-velocity factor

2V

rate of change of yawing-moment coefficient with
/

’5Cn\

2V.

rolling-angular-velocity factor(

rate of chsnge of rolling-moment coefficient with
70Cy
yvawing-angular-velocity factoer (_?B ‘

Nav/

rete of chenge of yawing-moment coelficient with
/
3Cn\

rb !

2v/

wawing-angular-velocity factor
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APT ARATTUS

Tne investigstion wes carri

free~-flight tunnel, which is

ed out in tie Lan@ley
eaquinped for test;ng ‘ree-

£lying dynsmic olrnlnna nodels. A complete descr 'ption

of the tunnel and its
Force tests to determins

operation is given in reference 3.
the static lateral svabllity

derivetives were made on the Lengley free-flight-tunnel
six~component balance, described in relerence L. This

balence rotates with the mcdel

end moments sre me=asured with
axes. The stability axes gre
axes having ite origin at the
the Z-axis is 1in the plane of
to the relative wind, the X-ax
syumetry and nervancdicular to
is vervendicular to the plans

The control used on free-Llight-tunnel models I

"{licker” (full-on cr full-off
varticular flight ths control

positions ere constent and the
to the mocdel is rezuleted by the

trols are hz21d on rather then
used.,

A three-view drawing of

a9

presented as figures 2 to L.

usea in the tests wes not 2

girplane, it approximetely

in yew, so that all forces
resnect to the stebl 1¢ty
en orthogzonel system of
cencer ol gravity in which
uymmetry snnd verpendicular
is is in the olsre of

the Z-axis, end the Y-axis
of syrmetry.

g
) SVStem. During any on
deflections in the
emount of control azplied
length of tirie ths con-
by the contrcl deflesctions

1y
s
+
P
{
O
o

tris model used in the tests
is shown gs [igure 1 and photogrevns of ths

model sre

Figure 5 is a photogreph of
the model, with a geometric dihe
ia the test section cf the tunnel.

dral engle of -15°, flying
Although the model

scale model of any particular

1
represented a EB- scale model

of eny current fighter 2irplane.

For e£ll tests the model ws

s equippad with a duplex

flep arrarngement consisting of a qu-p*rve“t -chord double
slotted fisp located 1lnboerd over 1,0 percent of the semi-

snan and a ?O

6
0,
e}
o
o'
4

rear ocwt1uum of
and 70°, respectivelv, with r
The balanced split fleo wes de

The effective aihedrel w
geometric dihcdral engle ci' tn

ercent-ch.ord beslanced
cutbosrd ovaer L2 Q@rcent cf the semispan.

(T:

QO
mn

g21it flap loceted
The front and
lotted flan were deflected %20
soect to the airfoil cqord.
flected LOC,

0

ranged by altering the
i ng. Four geometrically

[}
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similer vertical t
wers used on the nud
stability. (See f

ils and two end-plate verticel teails
del to produce el anges In directicnal
@

[

The model relative-density factor and radii of
gvration veried slightly during the test program betwesn
the feollowing limits:

lrJv . - . . . . . - . . L] L L] . - . » . - * 8.10 tO 8‘92
_'X - -~
=TT e 3 . . . . . . . . . . . . . » . . 3 On lO tO 001'31
b
k-

ol ~!
T . a . . . . . a . . . . . . . . . . . O. /__L1_1 tO 00290
b :

The dsta mresentsd in refersnces 1, 5, and 6 indicste
thst chenges of wsight end moment or inertia of the megni-
tudes invclved in the nresent investigation would meke no
pronounced differsnce in the stevility or flying chsracter-
istics of the 19:&

TESTS
Scope of Tests

Flight tests of the nedel were mads at 1ift coef-
ficients of 1.0, 1.k, and 1.3 with the following combi-
nations of dihedral angle and verticel-tsil area:

[ T bty e g
fyerticsl | Verticel-tail srea, | Geomeff;%’u*ﬂ dral
: tail ! St/s ll (SR d, Iy

(deg)

SRS T U SRS
oo 0 | -5, -10, -20

.03 0, -5, =10, =15, -20
2 | .05 0, -5, -10

z i .10 c, -5

.15 0, =5, -10, =15, -20

.35 (total) o, -5, -10, =15, -20
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The velues of 015 end Cp, corresncnding to the verious

00

test conditions were determined from force-test data and
srz presented in figure 0. These data show that the tests
covered & range of (i, from $.0032 tc -0.001C and a

PJ

range of Cp. from 0.0001 to 0.000&. The test range is
8

considered reovresentetive of present-day limits, as shown
by the data presented In figure 7. These data show that
the variation of CnE and CLF of two high-powered

(2000 bhp) eirplanssg over thelir speed range falls almost
witnin the range of vslues covered by the tasts.

Testing Procedure

The modsl was flown at ench tsst condition by nseens
of eilerons glcne end silerons coupled with rudder. The
rudder travels ussd were selected by visuel observ tion
of flight tests =28 the amount necessery to eliminate the
ysqug due to aileron deflection end roiling. For tests

vhich the ruddsr contrel was crozsed (that is, left
uduer apriied withh rignt aileron snd right r»udder apnlied
with left 2ileron), tuv rudder trevel was the same &s thet
used for the cocordinetsd rudder snd ailsron control at
the same test condition. For the teil-off condition the
allerons were rigeged un 120 in order to eliminsete the
adverse 3pw1n5 due to aileron cdefisction. The stability
and contrcl charecteristics of the medel were noted by
the pilots from visual ooyer'ut;ou, end motion Hictures
were made of some Tlights in order to supplement the
pilots! observations.

+3

e spiral stsbility of the model wss determinecd by
om the rate at which thﬂ model, with controls
ipped end rolled from level flight. An

e of reolling znd inwsrd sideslip wes judged
a

2biiity.

The general oscillatery stability cheracteristics
were judged by ths pilot from the damping of the lsateral
oscillstions of the model alter a disturbance. The model
could never be allowed tco fly with controeols fixed for
sufficient time to allow measurement cf period and demoing
from the motion-picture records.
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Flight-behavior rating° besed on the pllott's opinion
of the general stability snd control char cteristics of
the model wers recorded for cach tegt ondition. &ech
rating was based on a erer of sen auo flizhts. Although
tlhie accursascy of these rat lP”b uepenaed upcen thu oilot!s
ability to rscognize unsstisfactory conaitic it is
believed that the “atin?s glve a quelitative in:ication
of the effect of charge:s of the variables invelved.

Boundariss for neub spiral stability (E = C),
neutral coscillstory stao v (R = (), end neutral
directionel steblility ( 0) were cal -1 ted over the
test renge by means of the stebility equetlions of rofe
ence 2 and are cshown in figure o. Iinez of constant
dorming of the =nirel mode were alsc calculated for the

model by dstermining tns root of the stebility quartic A
tL woula zive the desired velus of damoing by che

fal ~

fov'..uln (from relarencs Z2)

@

N = —0.6037

"
4

w
o)

L}
2

and by determining verious valug

lg and Cp  that
¢ ¢

would give this root A from substitution of the root in
tne stahility Gu9P+lC. The lculated lines of constant
derming are shown in figure o.

Velues of the static-lsteral-stebiliity derivative CYB

used in the celculstions were chisined fromx feorce tests
of the model. Tha value of the rolery derivetive Cn,
was obtained froan frse-oscillation tests of the model by
the msthod dGSC"lbeQ in reference 7. 7The other rotary
derivstives CLD, Cnp, and CZP wers -stlnEU d from
e charts of reference C '
e valuss of ths mass cheara

[¢]

e formulss of reference 9.
lsbics m, Iy, and e

lues of ths stpbility
ions

were moesursd for the model. V b3
are given in tsbls I.

2
dorivatives used in the cslculst
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RESULTS AND DISCUSSION

The varistions of efiective-dihedral parameter CZB
and directional-stability persueter Cn3 were cobtained

in the present investigation by changing the geometric
dihedral =sngle end vertical-tall area. The flying

char SCtuPlStle, nowever, devend on the valuss of the
stebility derivetives, not on the method by which they
were obtzsined; rence the flying characteri thu of thre
mode 1l may be spplied to conditions - such as wave-oflf,
taks-off, and lending-spnrosch - in which negative
elﬁectlve dihedral is often crused by the high power end
high 1ift coefficient.

.-’D

The principal results of the present investigation
are given in figure € in the form of retings of the
genereal flight bensviocr. All flight ratings not in

arentheses were obtsinzd with a totel silieron deflesction
of 30°; those in parentheses were obteined with a totel
aileron deflection of 50°. The maximum values of pb/2v
corresponding to the aileron deflections of %0° and 50°
were determined to be sbout 0,08 =nd C.12, resvectively,
from roll-offs at a geometric dihedrel angie of 0°, with
the verticel tail having %5 = 0.15, eand with coordinsted
rudder. It was, perhaps, not necsssary to use 2n aileron
deflecticon of 500 for sll the test points at which this
increased travel was used. ihen it was found necessery
to use 50° travel with a certain combination of dihedral
angle end vertical-teil asrea at a 1ift coefficlent of 1.8,
the same travel was used st lower 1ift coefficients.

Bffect of Dihedral

bzsrved to pe spirally

d, the Tlight deta of

Although the model wes o iy
unste ble for all conditions t e
figure 8 show that very satisfactory flight‘ were obtained
et positive vslues of effective dihsdral. The rate of
snirsl divergence for tixe conditions of positive effective
11hcdral was observed to be small and the controls-fixad
lateral motion wss characterized by a slow gentle roll-
off ard sideslip from the steady state. The divergence
could be controlled reedily by occasicnal cpnllcatlon of
& totsl ailsron deflection of 30°. Under these conditlons,
the mocdel was ss easy to fly as if it had been spirally

[¢]

<
1.
[
c

o]
o
S
e
(3
n
)
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steble and in the normel susty air of the tunnel did not
seem to require mere frequent control than in a spirally
steble conditiomn.

At smell velues of negstive effective dihedrsl,
flight characteristics were not much different from those
ot smell velues of ,positive effective dihedrel 2nd the '
slow spiral divergences were readily contrclled by apnli-
cstiorn. of the aileron snd rudder controls. The rate of
spiral divergence, huvevv¢, was found to bscome incress-
ingly ranid with incressing negetive effective dihedrsl
until, at en effective dihedral of aboutv —150, the diver-
genCu wes quite violent. As in the cese of smell nositive

ffective dihsdrs 1, the motions were cha ractepized by a
roli off snd sidesliy from stsedy flight. As the negative
effective dihedrel s incresszed, the rate cf the divsr-

gence incresssd uafl¢, for the conditicns naving the
largzr 1 qémtl dinedral angles, tihe meouvion ajvveeart

Lbe s ranid as o faxt eilercn roll. A&s the ns i
effective dihedrsl wss increased, the controls Lhad
gonlicd socner after the divergence wes notliced becaus
when there was only a slight lag in the azplication of
corrective control following & disturbance, the unsteble
moments resulting from spirel instability becae surfi-
ciently lerge to overpower ths mcments of the controls
so thet return to straight flight wes impossible.

It wes found 1mpo;31ble to flv the mcdel with negative

effective dihecral ancles greatsr then about -10°

(Cyq 0.002) with = botel alleron deflection of 30°.

The rate of soiral divergence anparently had become great
enough by the time the ﬁlloL annlied coposite control to
make recovery irmosseible. The rate of divergence was
coservad to be retarded with ailsron application, but the

model continued to diverge.

In ordsr to obtein data for ths whole test range,
the total eileron deflection was increased from 309 to 500
for all test conditions heving =z vaiue of CZB:>O'OOE'
It wes therefore pessible to control the spiral divergence
over the comslete range of r°wf ive dihedral angl2s,.
Flight unaer conditions of :)-ﬂ 002 was difficult,
k../

however, becausa flving irsd comstant
sttenti to the controls lavre t negative cfflective
dln“dral snoles  (C =z 0,00%) ssemed to be the maximum

Zr: ~

o)

for which the model coulu b: flown with & total aileron
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deflection of 509, inasmuch as even slight delays in
epnlying lateral contrcl allowed the model to continue
te diverge. WNany crashes therefore occurred during the
tests at values cof Clﬁ of about 0.003.

The genersl flight-behevinr ratings in f15ur@ 3 were
given when the rudder was coordinated with thes ailsrons
in the normel menner (right rudder with right sileron).
The flizght t,oub, nowever, snowed bthet us
alone for control or even crossing th
improved the flying cheracteristics cf
the negetive dihedral range and made th
easlier to ﬂon*wol. This iImprovernent e :
because the sideslin resulting from sdverse yawing ospcsed
the lﬂW?‘d enzls of sideslip caused by spiral d¢verrerce
and, in spite of the adverse eifect of Poll
e

L

vawing, r>duvvd the rolling divergence.
of inwsrd sideslip csused the resnonse to t
be improved. The lerge amplitude of the U"Wln” motions
caused by cros?ing rudder control, however, waz objection-~
able to the free-flisht-turnel 9llots. Applying opposit
rudder with ailerons would probebly be oblectionable to
the pilot of an sirgplene inasmuch as 1t is sn unnatursal

motion and would cause a loss of altitudse. In a cruclel
moment, the pilot's ?eaction would prcbebly be to apply

coordinated rudder and alleron control rather than to
think to avply rudder opnrosite te the eilercns. A nilot
might, howevsr, bs trained to apply no rudder with aileron
control when [lying an airplane in conditions thst are
known to give negative dihedral effect and thus cbtalin
some imorovement in the control response for recovary.

Thz wevs-off, tske-coff, and l=nding-azpproach conditions
are believed to be dangerous for sirplenes thet havs large
negative effective dihedrel bscau use, when these conditions
are encountersd, there is oni, & limi t d altitude iIn which
to e2vnuly corrective control. Tc fly with &3 much neg°t1va
effective dihedral as wae encountsred in the nresent ts
should be possible il the asirmisne allerons are es power-
ful gs those of the medel tested and if careful attention
is given to controlling the alrplane. To fly airplanes
Wiuh greater negative eflectlive dihed izies than were
encountered in thes present tests i ossikle insasmuch
as the rate of divergence of the ai ould ke 1/yFW
Times as fast as thst of the model, where N 1i1s ths scale
of the model as 10, 15, e¢tc. INo infcrmation 1s availsble,

reaction time and the

[0}

howsver, concerninz the reletiv
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tima to deflect

t the controls ror free-flight-tunnel and
girplesne pilous

1

an

Inasmuch as there has been no correlation
of the boundar of the region in which fiight is pos-
sible in the Lengley free-flight tunnsl with time to damp,
extension of the results to more negetive dihedrsal angles
hag net been attemptle

.

&a

o
ne

Effect of Directional Stability
Tnecreasing the directional stability' Cn, improved
the general flight beheavior of the model over the range

of dihedrsl sncles snd 1ift coefficlents testsd, as shown
in figurse d.

The tests showsed that for the range of positive
effective dihedrsl anples tested adequate diresctional
stehility was more desirsble than the slightly lowsr rate
of spiral divergence sssocisted with lower directionsl
stebility, bsceuse excessive yewing was sncountered with
low dircctionsl stability. The rates of spiral divergence
encountered in the wositive dlhedral ranme were, as
previcusly discussed, gquite slow even with a high degree
cf directional stebility.

When the effective dihedral wss negative, however,
increasing the directional stability was observed to cause
a slight reduction of the rate of spiral divergence. This
reduction iz in agrecment with the calculations of +bc
QplPal stability, as shown by the incresese in time for the
motion to increase to double amplitude as Cp, I1ncreasses.

d

An analysis of the general flicht-behavior ratings snd
the celculated linss of constant dam1 nz of the spiral
divergence indicatss trat ths genera £light behavior
within the negative effec"v “ir*q“a¢ renge 1s primarily
influenced by the spiral stsbiliity.

s |
|.J

Wi

The motions of the model with a geometric dihedral
an%l@ cf 200 with teils off, send at 1ift coefficients
of 1. and 1.8 epocsred to bs directional divergences.
Immedistely alter taking off, the modsl commenced a diver-
gence in vaw thet was followed by rapld rolling in the
opwovlte divection ceused by the nszgetive dihedral. No

recoveries from the initisl divergence could be cbtained.
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Effect of Lift Ccef{ficient

The flight retings of fisure 8 show that increasing
the 1ift ccefficient from 1.0 to 1.3 at coustant values
of Czp and C, had a slightly detrimentel cffect on

5 =
the general flight behsvior of the model over the negative
effectivae~-dihedral renge. This detrimental eflect is
telieved to be csused by the incresse in the rate of spiral
alveﬂgence indiceted by the calculated lines of constant
emping shown in figurs 3.

CONCIUSIOLS

The following conclusions wers drswn from fres-flight-
tunnel tests to de terriine the effect of “vrntlve diliedral
on the lstersl stability and control chars thS of a
free-flying dynamic model at nigh 1lift coelflclent

§ie]

1. As the effective dihedral wss decreesed from C°
to =159, the model became increesingly difficult to fly.
[ith en effective dihedrel cf -159 the flying chsracter~
istics were considsred to be dangerous becsuss, when there
was only 2 slight lzz in the application of corrective
control Jo;lowvxg a diss: urbence, the unstable moements
resulting from snirsl instebility became sufficiently

large to overnower the moments of the controls so thet
return to straight flight wes impossible. -Inasmuch as
full-scale sirplsnes becsuse of their greater size will
diverge at & slower rate thean fPCQ“L¢JGht tuniel models

the amcunt of negative eflective dil wdral thab would
constitute a dengerous condition is expected to be greater
ffor full-scele aircienss.

2. In additicn to reducing the smecunt of sidesiipping
over the range of dinedrsl englec testzd, increcsing the
directional SUQb‘lity was found to reduce ths spiral sta-
bility for positive effective dlhedrsl =aziss and to
increase the spniral stabliity for nesstive slfesctive
dihedrsal sngles. The nat result ol increasing directional
stability, however, was to improve the general fllant
behavior over the entire dikedresl renge.

%3, In the negstive elffective-dihsd
the 1ift coefficient from 1.0 to 1.8 head
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detrimental effect uron the general flight behavior of
the medel =t =2ny glven value of effective dihedrel and
directional stebility.
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TABLE I.- STABILITY DERIVATIVES OF MODEL USED IN CALCULATIONS

[&alues were arbitrarily assigned to cnp’ the independent varliable;

clp was used as the dependent varisble. p = 8.12; kx/b = 0.165;
‘ kz/b = 0.2u5]

CY Cn C;p Cnp Cll‘ Cnr Y
(1 (1 (deg)
CL = 1.0
“'00102 0 -o.h- -00060 0.24.6 -0.0LLO ‘11.6

’ '01 '005 -o,-l-g '0058 02&8 . ««0 ’1106
~.12 .010 -.49 -.056 « 250 -.05 -11.6
"0166 0025 "oh9 -.050 0225 '-07 ‘11.6
-, 230 «050 =49 «040 . B -.115 -11.6
-.29% 075 -.49 -.031 .zgu -.153 -11.6
“e 36 0100 ‘oh9 -.021 u2 ‘1190 -1106
"oa 0150 "o,49 -.002 0303 °0265 -1106
"-6)11‘- oggg 'o’-‘g 0015 oggg e Iio -iiog
- 2 . e o 2 . - 3 - . -
- 70 0300 'oh.9 . 0038 : 0353 "QLI.91 -11-6

Cp, = 1ok
-0.108 0 -0.49 -0.0866 0.340 -0.040 -11.6
-0121 .005 ‘oh9 ‘.Ogﬁ .g}iz -.0)4,8 -11.6
-.135 .010 - -0 o343 -.05 -11.6
'0175 0025 “e 9 ".080 03)47 -007 -1106
“e 2 0050 - 9 -0 3 .351‘. -.115 -ll.6
-.308 <075 -.49 -.067 <360 -.153 -11.6
-037 0100 - 9 -0060 0367 -0220 -1106
‘020 0150 "L‘-9 -.Oh.z 0580 e 5 "11.6
~e LLZ 0200 -e 9 '-03 . 92 - }.J.O "A1106
°o775 0250 ~e -0025 3 02 e 13 -11.6
-0909 300 - 9 -0015 .h.12 -.h91 -1106
CL = 108
~0.1 ) -0.49 -0.114 0.436 «0.040 -13,
-.12 .005 -.49 -.113 - 436 -.048 -13.2
-.1%ﬁ .010 -.49 -.112 L37 -.05 -13.5
-.1 0025 -.’-‘-9 ‘0110 lu 9 “.07 -1305
-.25)4 0050 -.h9 s "0106 . Z "0115 '1305
'0522 0075 ~e 9 -.103 .w* v -0155 -1}05
-.392 .100 <49 -.099 1450 -.190 -13.5
-.932 «150 =49 -5032 -h27 -.205 -13.5
e 70 0200 -oh.9 -.0 5 th g -03}4"0 -13.5
-.810 «250 -.49 -.082 L6 -.413 =13,5
-.958 0300 - 9 -0078 oh-?l "ou9l "'13.5

lﬂ 1s measured in radians.
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Figyre . - Three-view sketch of model fested m Langley
Free-flight tunnel showing range of dihedral adyvstment
and alfernate vertical-tail arrangements.
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Fig. 7 ‘ NACA ARR No. L302
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figure 7 .~ alues o Gy and Cpg for /wo
mockrn /){9/7-,00Wef£/ aurorIEs as
- Compared wil) 1he. range fesked.
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