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RESEARCH MEMOURANDUM

‘LANGIEY FULL-SCAIE-TUNNEL INVESTTGATTION OF THE
FACTORS AFFECTING THE STATIC TATERAT-
STABTLYTY CHARACTERTSTICS OF A
TYPICAT. FICHTER-TYIFE AIBPLAHE
By Roy H. Tenge

SUMMARY

The factors thet affoct the rate of change of rolling moment
with yaw of a typical fightor-type sl-plasns were Investigeted In
the Tangley Tuli-segles ttmnel on a typleal Tighter-type sirplane.
Elght ropresentative flight conditions wero investigated in detall.
¢ The separato effects of propeller operatlon, of the wing-fuselage
comblnation, and of the vertleal tall to the gpffectlve dihedrel of
tho alrplene in each condition were deliermined.

The rosults of the tests showed th:t Por the alrplens with
the propeller removed, tho wing-fuselage combinatlion had positlve
dihedral effoct which increased comslderably with Increasing sngle
of ettack for all conditione. Figp deflection decreased the dlhedral
effoct of the wing-fuselage combination sllghtly as comparod with
that with the flaps retractod. The contribution of thse vertical
tell to c""\lr of the sirplene with the propeller removed decreased

from shout 0.0002 at o = 1.0° to zero For angles of attack
greater than 8.9°, ¥Flap deflection resulted In negative dihedral
effect dus to the wvertilcal itsil. Propsller opsratlion decrsased
the laterel stebliity paremeter of the sirplane for all the con-~
dltions investigated wlth larger decreases boling measursd for the
flaps deflected conditlons.

INTROTUCTION

Systematlc wind-tumel tests wore made In the Langley full-
pcale tummel to determine tho Pfactors affecting the static direc-
tionsl and leteral stsebility charestoristics of a typlesl fighter-
type alrplane. The results ef the directional stability testa
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are given in reference l. The present report glves the results
of the tests wmade to deteruine the latsral stabllity characterletles,.

The latsral stabllity tests consieted of the Cetermination of
the rolling mowents of the alrplane in yaw for a wide range of
flight comditicns. For sach of the Tlight conditions. investigated,
teste vare made of the complete alrplane, of tins alrrlans less
the propeller, of the asirplane lees the vertical teil, and of the
airplene legs both the propeller and the vertical tail. The
effoect of landing-flop dsflection on the lateral atabliity char—
acteriscica was also inveshligeated., The deta thus obtalned pormittel
determinations of tke separsie contributions of the propeller, of
the wing—-fuselage ccrninasicn, and of the vertical tail to the
effective dihedral of the camlete airplans.

SYMEOIS
Cr, 11ft coefflcient (I4ft/qS)
Cy rolllrg-moment coefficient (L/q Sb)
T, effective thrust coefficient (Ty/20 D7)
Q. torgue coefficient (Q/EqODB)
L moment about X-~axla; positive when it tends to deprees
right wing ' .
Ta effective propeller thwwst (¥p — X%}
Xn reeultant. force along X.-axis with propeller opsrating
Xt force along X-axis, propeller removed
Q propellor torgue
D propeller diameter (13.08 £t)
g wing area (334 sq £t)
b wing spen (42.83 £t)
13 angle of yew, degfeéé;'pdsitive_with left wing forward
a angle of attack of fuselage reference line relative to

free—strean direction, degrees
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Ef engle of fisp deflection, dezrese

B propeller biade angle at 0.75 radius, degrees
q, free—streamn dynemic preeeure

V‘i indicated airspesd

Gl’lf rate of change of (3 wlth respect to ‘lf, per degree

:107,11’ Increment of CI\L gontribvuted by the vertical taill
t . : i .

chy - = Oy
(tall installed} {tall removed)
ATRPLANE

The tests were made of the Grupman XF6F--h, which ie & low
midwing eingle—place fighiter airplane welghing sbout 11,40Q pounds
and equipped with & Pratt & Whitney R-2800-27 englne rated st
1600 horsepowe: st 2400 rpm at an zltltude of 5700 feet. A
three—~view drawlng of the glrplane showlng tins principal dimensions
end eurface arems lg given In figure 1. Detalls of the vertical
tall surface are given in flaure 3 of reference 1. FPhotographe
of the &lrplane mounted on the balance~support strubs in the
Langley full-ecale tunnel are given eg figure 2. The vertiecsl
tail was removed frox the eirplans for soms of ths tests and was
replaced by & falring ehown in the photograph of figure 3.

MATBCDS AND TESTS

Teeta. a1l the teete were mede with the alrplane la.nd.ing
gear retracted and the cowling flepe cloeed &t & tunnel airepeed
of approximetely 60 miles per hour, which correeponds to a
Reynolds number of approximately 4,380,000 based on & mean wing
chord of 7.80 feet. The rudder was locked in the neutral for all
the teete with the vertical +ail in placs. No atienpt was made
in the teste to d.uplicate the "blow-up" characterletics of the
lending fleps., .

The separate effects of the slirplane component parts on ths
rolling moments of the complets alrplano were determined for the
eight representetive fllight eondlitiorns summarized in teble I,
Forces end momente wers meesured on the alrplans for each
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flight oondition at approxinately 5 insrements of engle of yaw
betweoen *lb For sach fllight cozdition, .tects were made of the
alrplane with the propeller both removed and operating and with
the verticel tall suxrface both remnved and in placs.

For the tests with the propellesr operating, 1t was deslied
to simulate tus varistions showa In figure 4 of thrust and torgue
coafficlent with 1lift coefficlent for comstant--powsr operation
at sea level. It was found that these relationships could very .
nearly be reproduced with a sconstant propellesr—blade-angle setting -
of 24.8° measured at the 0.75 radiuvse; hence, this blade-angle
setting was uzed for ell ths tests with the propeller opsrating.
A comparison of the verlation of thrust cocefficient with torgue
coofficient for copnetant-power oreration and for tle propeller
with a blede-angle setting of 2k.3° meseured at the 0.75 radlus
is shown in figure 5. For the idling-power conditions, the englne
was run at the lowest speed consldered possible (700 rpm) without
fouling the engine spark plugs. The thrust and torque coeffl-
cients thug obtained for the 1dling-pewer conditions were 0.01
end 0.005, respectively. .

Pracislon of measuremente.— The accuracy of tks resulte is
ghovn by the scatter of the teet points of figuree 6 and 7.
Although considsrable zcatter is ehcwn in some cases, it 1=
belleved that tie fairing of the curves represente g mean eovaluation
of the data. Deviations of ihe tesl reaults frcm zero for epparently
symmetrical conditions are probably dus.to differences 1in the alr-
plane on the two sides of the plane ol symmectry and to asymmstries
in the tunnel fiow.

FFPSULTS AND DISCUSSION

The data are glven in etandsrd nondimensional coefficient
formm with respect to the estability szes end center—of-graviiy
location shown in figure 1. The stebllity axes are a system of
axes having their orlgin s% the center of gravity and in which
the Z—-axls 1s In the plane of eymmetry and perpendicular to the
relative wind, the X-axis i1e 1n the plens of eymmetry and per—
pendicular to the Z—axle, end the Y-exils ls perpendicular to the
plane of symmetry. '

The results of the force tests are givon in flgures 6 and 7
which show the variatiom: of €; with for each of the eight
test conditions llsted in table I. For each test cendition,curvee
are presented for thke complete airplane, for the airplans with
the proreller removed, for the alrplane with the vertical tall
reaoved, aud ror the alrpians with both the propeller
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and the vertical teil removed. No test points ars shown in Fig—
ures 6 end 7 for ths propsllsr ramoved data as thsse date were
obtainsd frem falred curves. Values of (.‘,1".:I for the camplste

alrplare in each flight atiltude investigated are given In table I,
From thess wvaiues of CI‘, . the effective dibkedral can bs debermnined,

szsuming that & C; ~ of 0,0002 is equivalent to 1° of effective
dihedval. s

Toats with Propeller Ramovsd

¥Wing-fuselage combirgtion.~ Values of C v for the wing—

fuselege comblnation are ehown plctted in figure 8 as & furction of
angle of atteck for flaps retracted ewd flaps deflocted 50°. Thase
values of ©€;, Wers obtaired from tho results shown in figure 7 at

small angles gf yew (between W = ¥5°) for the airplane with the
propelisr ard the vsrtical tail removsd. As shown in Pigure & the
wing—fuselage combinetion has poslitive Glhedrsl effect which
increasss with angle of stteck both with the Plaps retractsd and
with £laps deflscted 50°. With Pleps retracted the value of Coy

increessd froa 0.0012 at o = L.0° to shout 0.0022 et o = 12.30.
Flap deflectlicn decressed the valung of le slightly throughout

the angle—of-—attack range investigated.,

Treoretical ccmoputations were mede in an sffort to eccount for
the large increases in sz with angle of attack. The results of

these corputations given in figure 16 of reference 2 indisaie a
valus of €, for the wing alone of 0,00146. No account is talken

in the theory for ths effect of wing-tip shaps.,  Referemce 3 shows
large increases in the value of C,  with angle of attack for a

wing having blunt tips. It is sxpacted from ths data of refar-
ence 4 that the low midwing poeiticn on this airplans would pro-—
ducs wirg~fuselege interference tending to decisage the valus

of C?.,‘;, with angle of attack. It is irdlcatsd, therafcre, from

thé data of figure 8 that the effects of blunt wing tips predominste.

Yertical tall.—~ The incrementé of c""'xb- et smell angles of -

yaw (W= 3£5°) due to the addition of +the vortical tall to ths
girplane are glven In figure 9. With the flaps retracted, the
contribution of the vertical tail to CI " desreesss from

sbout 0,0002 &t o = 1.0° +o about O for anglgs of attack greater
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than 8.9°, {See fig. 9.,) At low angles of attack the center of
pressure of the vertical tall 1s above the ceunter of gravity of
the alrplane which results in an increment of posltive dihedral
effect. The flow conditlona of the tall are such as to produce a
small decrease of C, Wwith engle of atieck. (Ses reference 1.)

It le belleved, however, that as the anzle of attack le increased

the center of pressure of the vertical tail is lowered wilth reupect
to the center of gravity of the alrplene and thue has the preduminsate
effect on the decreass of ac;ht.

¥lap deflectlion resulted in negatlive dlhedral effect dus %o
the vertical tall throughout the range of angle of attack investl-
gated. (See f1g. 9.) While the roeson for this change 1n the
increment of Cmy due to the vertlesl tall with flap deflection

1s not apparent, 1t is belleved that change in flow condltlons
at the tall due to flap deflectlcn may be the cause for this change,

Effects ¢t Propellier Operation

The values of Czﬁr of the complete airplane with the pro-—

peller operating were cbtained from figure 6 and are listed in
table I and ars compared with the valuss of CI¢ for the ailrplane

wlth the propesller removed. For the alrplans wlth the flans
retracted and deflscted 50°, propsliler operation decreassd the
values of Czqr at anglez of yaw betwesen #5° for all the conditions

investigated. Wilth the flaps retracted a slight incresse In
effectlve dihedral with angle of attack was noted. These rssulte
ars not what wvould noimally be expscted inasmuch as previously
published data foir thils eirolane end dats for other airplines

of simllar type indicate a docreass in effectlive dlhadra’ with
increasing engle of attack., With the flape deflected 500,1 the
decreace of effactive dlhedral due to prapeller operatlon was
gbout 0.0001 for the landing condition (1dling power, T, = 0.01),
about 0,.0007 for the approach condition (0,65 rated powsr,

Te = 0.33), and about 0,0009 for the wave-off ccndition (rated
power, T, = 0.51), as shovn in table I.

The decrease In effective dilhedral caueed by propeller opsra—
tion is due malnly to the fact that, when the alrplane le yewed,
the slipatresm 1s deflected over the tralling-wing panel which -*
increases the dyrpamic preesurs, and conseguently, the 11ft of the
tralling wing. This lncressed tiellling—wing 11ft produces roiling
mamsnts which tend to decrease the effective dihedral, The e
rotatlional campenent of the propeller slipstrsam tends to increass
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the effective dihedral as indicetsd by ths sidewash angle values
given in refersnce 1; howsver, this effect i3 overbalanced by

the slipetream action on the yawed wing as shown in table 1.

These effects are larger with the flispa defiected becsuse the 1if%
increment due to the propeller slipstiwsm over the wing with fisps
def'lsctad 1s greater than with the tf'laps rstracted.

The aerffect of propeller operstion on the effecgtlive dihedral
of the wing-fuselage conbination is ehown in Tigure T which prasants
tall-removed curves of €7 versus U for the airplans with both

the propeller operating and with the propeller removed. Values
of CI\D’ of the wing fuselsge conbination at small angles of yaw

with the propeller ops.ating are sumarized in teble I for all the
conditions ilnvestigatesd., Values of er for correepornding angles

of atteck but with the propeller rsucved are also given In teble I
for comparison. The curvas of figure T with the propellers operasting
include both the direct eiffect of the propeller forces and the

affect of slipstrssm pase ge over the wipng-fuselags comhination.

As zhown by table I, propeller cuerstion decrsased the ddhedrel
effect of the wing-fuselage combination appreclably for all com-
ditions excepl thoss with idling power. For the two 1dllng-power
gonGitione {gliding end landing) the effect of propeller operation
was negligible. As expected, the descregase in dihedral effect Gue
%0 propeller operatlon was greater fcr the flovs-deflscted condi-—
tions thear for the flaps-revrected ccnditions. For the wave-off
condition (rated power T, = 0.51), tre value of Cyy of the

wing~fuselags combination weszs decreaszed 00,0011 az a result of
propellsy operetion, &t ths same thrust coefficisnt but with flaps
retracted (climb cond.ition}, the vaiue of Cz.@. of the wing-fuselags

gombination decrsassed only 0.0002 dne to propeller oparation,

The effects of tha projneller zlipatresm on the contribution
of the vertical taill to the effective dihedral is shown in table IT
which glves increments of Cw dus to the vertlcal tail with the

propeller removed and with the propeller operating.+ The results

ni- table I1 show no consistent variations of 1.".".21__ with propeller
Y

operation; however, the effects of the propellcr alipstream on the

zontribution of the vertical tall to the airplane effective dihedral

are generally small.
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SUMMARY. OF RUSULIS

Deta ere preeented of meseuremente made In the Langlisy full-~
ecale tunnel on a typical fighter-typs alrplene to inveetigete
the factore affecting the rate of change of rolling mouent with
yaw of a fighter-tjpe alrplane. Although these data are guenti-
tative for thie particuler airplone, the trende ars belleved to
bs generally applicable to reasonably eimilar eirplenee. The
resulte are summerized ae followe:

1. With tue flape beth retracted and deflected 50°, the wing-
fuselage combinstion with the rropollsr removed hed positive
dihedral effect at angles of yaw betwson #5° which increased
conslderably with increacsing esngle of attack.

2. Flap deflection docreaeed the lateral-astability

parauster c3$ of the wing—fuselage combination with propeller
removed slightly at ocmall angles of yaw ae campared with that
ohtalined with flape retracted.

3. For the alrplesne with the propsller removel auid with flape
retracted, the gontribution of the vercical tell to Cky

decreesed from about 0.0002 at « = 1,0° to dbout zero ror angles
of attack greater than 8.9°. Flap deflection resulted in negaetive
dihedral effect duc to the vertical tail throughout the range ol
angle of attack investigated.

4, Propeller operation decreased the lateral stabllity
parameter of the airplane &t small anglee of yaw for all the con-~
ditions investigated. Witn the flaps retracted the eifect of
propeller operation wes small; however, with the flaps deflec~—
ted 50° the decreaso of effective dihedral due to propeller
operation wae ghbout 0.000) for the landing conditiocn,
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gbout 0.C07T for the larnding-epproech cordition, and ahout 0.0009
for the wave—off condition.

Laral ey Mamorial Asronawtlcal Labcratory
Fatlonsl Advisory Commilttes for Asrofautics
Lannley Field, Va
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TABLE I.~ EFFECT OF PROFELLER OFFRATION OX THE VALDES OF CA;, OF THE

COMPLEIE ATRPLANE AND OF TEE WING-FUSETAGE COMBINATION
B c
1
of
Canditi Power % | & 1O I arlete elrplane fiing-fus lage cambinati
on . O T o a8 C
(8eg) |(asg) (e) | 2 "7 — 7 7P x
Propeller|FPropeller Propeller | Propeller .
operating| ramoved operating removed
¢ 1imb Rated. (E[' = 0.05) o | 1.010.24) 0.001% | 0.001% 0.0009 0.0012
Climd Rated (T = 0,11) 0 3.41 .43] .00Lk L0017 0011 001k
Clinb Rated {Tc = 0.30) o | 8.9].96f .o018 0020 0016 0020
CLimb Rated (T, = 0.5L) 0 {12.3/1.39] .0020 .0022 0020 0022
Glide Idling (T, = 0.01) 0 {9.2{ .83] .0019 .0020 .0019 0020
Landing spproack}0.65 rated (T = 0.33)] 50 5.81L.37] .0006 .0013 0008 L0016
Wave-off Rated (T, = O. °51) 50 | 4.911.39{ .0003 0012 L0004 0015
Lending Tdling (T, = 0.01) 50 {11.8]1. 58 L0015 .0016 .0021 L0020

gTIOT "oN W VOVN

BYalues glven for Cr, are values with the propeller operating.
bVa.lueB given for slopes are average values between Y =5° apd ¥ = —-°.

NATTONAL ATVISORY
COMMITTERE FOR AERONAITICS

Cct
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1
TABLE IY.~ CONTRIBUTION. OF mﬁr:rcAL TATL T0 Ghy
Ly,
Ponateion | (4138) (:gg) Propeller | FPropeller
operating removed
Climb 1.0 0 0.0005 0.0002
Climb 3.'1; 0. +0003 .0003
Climd 8.9 0 .0002 0
Climbp 22.3 0 0 0
Glide 9.2 0 0 0
Landing approach 5.8 50 —-.0002 ~,0003
Wave off .9 50 -.0001 ~.0003
Yanding 11.8 50 -.0006 —.0004

8values given fgr glopea are average values between V = 30

and Y= -5,

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS



Figure [.—

Wing oreo (including oileranq, flops, ond

48.55q ft of body area) . e 3345q £
Control surfoce oreos:
Full flop area (NACA slaHed). cn . 3898sq 1

Tota! horizontal tall surfoce area ..77.84 sq ft
Fin area (incl 1.9 sq fl of cantained

rudder balance).................... /4.4 sq ft
Rudder orea aft af hinge
fincl. 0.62 sq ftoftab).............. 8.0sq 1t
Englne. ....... Pratt ond Whitney R-2800-27

. BHP normal rating, 1600 ot 2400 rpm ot 5700 ff
Hamilton Standard Hydromatic Propeller,
Blode Design 650!4-0
Propeller geor ratlo, 2:/
Gross welght!, 11,400 /b

Fusalage reference Hn:\

MNATIONAL ADYTSORY
COMMITTEE FOR AGONMITICE

Three ~view drowing of the airplane.
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(a) Front view

Figure 2.- Airplane mounted for tests in the Langley full-scale tunmel.
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(b) Side view,
Figure 2., Concluded,
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Figure 3.- Three-quarter side view of airplane with verti
cal tail removed
fairing installed, - e tatl
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Fig, & NACA RM No. L6L18

Horsepower  Engine rpm
Rated power /600 2400
——— 0.65 rated power /040 /860

------- B, 24.8° measured at O.75 R

JE
F | f‘?:m’fﬂ poner
9 0.65 rajed power | |

< 08 1 e
5 5,248 &_ﬂ,—-
Lansmn
§ J A s
S o

O ./ 2 NG F e L 5

Thrust coefficient, 7.
Flgure S. - Comparison of variation of 7z with Qc
for consfant-power operation and for

the propeller with blade angle Fived
of 24.8" ar 0.75 radius.
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Fig, 6b
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