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SUMM1\RY 

Power -off flight tests have been conducted in the L£:.ngley free­
fligh t tunnel to detel:wine' the dynamic stabili t .y characteristics of 
an a irplane model "Ti th a 420 s,/ept-ba ck 'ling of aspect r a tio 5 .9 and 
taper ratio 0.5 . The static-stabillty and Wing -s t all chara cteristics 
of the model were a lso determined . 

The results of the investigation shovTed tha t a lthough the wing 
alone was statically unstable longi tud.inally at mcde~ate and high lift 
coefficients, the complete model was statlcally s table over the lift 
range for some hori zonta l - tail positions . The degree of stability , 
hm/ever, was critically dependent on tail posit ion . 'i'. e o,ynami c 
longitudinal stability noted in the flight tests wa G oatisfac t or y 
except over a lift -coefficient range from a .65 to 0 .80 in ""hich extreme 
difficulty ,va s experiencecl. in establishinG the cor rect t r i m 8.irs}?eed 
and flight-pa th angle . This difficulty, which has not been previously 
experienced in free -flight - tunnel invostiga t ions J vTaS appal~ently 

associated. wi th a change in ail~ flovl over t h e wing the,t caused abrupt 
changes in the varia tion of vTing pi tcning moment and model flight -path 
angle with lift coeffici ent . The dynamic longi tudinal behavior 'YTaS 

erratic in this range of lift coefficient although the s t atlc l on gi ­
tudinal stability from force tests of the complet e mode l appeared 
to be satisfactory . This particula r phenomenon re Lluires further 
i nvestigation. 

The lateral oscillation 'YlaS predominantly a rolling motion , the 
damping of which was satisfactorily predicted by the lateral-eta.bili ty 
theory t..h.a t included product -cf -inertia terms . vl11en the pr oduc t ·'of ­
inertia terms were neglected, the theory indica t ed instability for 
larger values of directional stability than observed 1n the flight 
tests . 

The lateral control cf the moctel vTaS s atisfactor y at low lift 
coefficients . At high lift coefficient s the lateral control 'YTaS 

noticeably 'Ioreaker bu t no great clifficul ty wa s encounter ed. in maintainins 
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control up to the stall. At the stall the model dropped without 
pitching or rolling off. The absence of rolling at the st.all is 
attrtbuted to the fact that the swept wing maintains some damping 
in roll at the stall in contras '::; to unswept wings which usually 
autorotate at the stall. 

INTRODUCTION 

A study is bein:> made in the Langley free -flight tunnel of the 
low-speed stability and control characteristics of airplane designs 
having large amounts of sweepback. As a part of this study on 
investigation has been Inb.de on a model ,.i th a 420 swept-back \ .. ing of 
aspect ratio 5.9 and taper ratio 0.5. filis investigation included 
power-off flight tests, force tests, tuft surveys, and damp1ng-in '-roll 
tests of the model. The reBults of the damping-in-roll tests were 
presented in reference 1 and all other results are presented herein . 

The forc e test8 were made with tuils off and with various sizes 
and positions of the ver tical tail and various pOSitions of the 
horizontal tail . 'l'hc flight tests were made over the lift rallu 8 .ri th 
various amounts of directional stability. 'l'he tuft surveys w'(-}re ma.de 
for the wing a:.(.one over the lift ranee. Calculations \Vere made to 
determine the boundary of zero damping of the lateral oscillations of 
the model to obtain a correlation with the flight r e2ults. 

SYMBOLS 

The forc es and moments were measured about the stability axes. 
A diagram of these axes showing positive directions of t he forces and 
moments is givon in figure 1. 

A aspect ratio 

S wing area .• square feet 

V airspeed, feet per second 

W weight of airplane . pounds 

b wing span, feet 

ba aileron span, feet 
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c wing chord, measured in plane parallel to plane of symmetry, 
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feet 

aileron chord~ feet 

mean aerodynamic chord, measured in plane parallel to 
plane of symmetry, faet 

anc,le of sweepback of quarter-chord line of 'King, 
degrees 

angle of incidence, degrees 

angle of attack, degrees 

taper rat.io 

rolling moment, foot-pounds 

yavTing moment, foot -pounds 

pitching moment, foot-pounds 

11ft coefficient (Lift/qS) 

drag coolficient (Dr~/qS ) 

pitching-moment coefficient (M/qSe) 

rolling-moment coeff icient (L/qSb) 

yawing-moment coefficient (N/qSb) 

lateral-force coeff lcient (IJater al force/CIS) 

per iod of later al oscillation, seconds 

dynamic pres3ure, pounds per squar e foot (~p~) 

mass density of air, slugs per cubic foot 

engle of SideSlip·, degrees 

relative-density factor (m/pSb ) 

me.ss) slugs 
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helix angle generated by wing ti~y r 5.dh'.ns 

rolling angular ve loc ity, r c.dio.ns pur s econd 

r yawing angula r velocity. r adians :per Becond 

angh; of yaw, d0gr ees (f or force-test da ta ;, 'lr := -~ ) 

angle of r oll} deGr ees 

r adius of ~yration about pr i ncipa l X-axis of inertiB ... f ee t 

r adius of g;y r a tion about principal Z-axis of inerUa .. f eet 

C1. eff ective -di h edra l pa r ame t er ., thc.t :i.s, r a t e of chen gc of 
~ rolling -momen t coeff i cient with angl e of sid~s lip'} per 

degr ee ( dC7,/d (3) 

total aileron deflection,degrees ( G-:ml of d8flections of right 
and. l eft a iler ons, equa l up and down) 

rolling-moment coeffich:nt per degr ee deflect i on of one 
a ileron :~dC1./d5a) 

directional-stabili t y parame t er , tha t t s , r ate of chan 3 ' of 
yawi ng -moment coeffici ent with ane l e of sideslip} per degr e 
(dC / df3\ 
\ nl ) 

l a t er a l -f orce pa ramet er J tha t i 8 , r o. t e of chr zlt.38 of l a t oral .. 
forc e coeffi c i ent with angle of s ideslip, per degree 
t"-c / "- \ \0 y! 0(3) 

rate of chan3G of yawi ng -moment coeffic ient vTi th r oJ l i ng " 

. ... I, pb\ 
angula r -veloel t y fac tor. p6r r a dH.l.Jl IdC /0-.- 1 

n 2YI 

r a t e of change; of r olline -momen t coef ficient wi th rol11n.s-

angula r-volocity factor , per r a.dian (dC1./d~) 

r a te of che.nga of r olling-moment coeffici ent with yawlng­

angular-ve l oc i ty f actor, per radia n (dC/di~) 
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rate of chance of yawing-moment · coefficient with yawing-

angular-velocity factor .' per radian 

R Routh's discriminant 

( 
. rb \ 

OCn /C2V) 

7 fligh t -path angle, positive refers to climb. degrees 

Subscripts : 

t tip 

r root 

T horizontal tail 

APPARATUS 

The power -off flight and force tes ts ,,,ere made in the Langley 
free-flight tunnel . The free-fliGht-tunnel balance rotates in yaw 

5 

wi th the model so that all forces and moments are measured about the 
stabili ty axes . (See fig . 1 .) A complete description of the tunnel 
and balance is Given in references 2 and 3, respectively. A photograph 
of the model in f l ight in the test section of the tlliLDel is shown in 
figure 2. Tuft tests of the model wing were made in the Langley 15-foot 
free-spinning tunnel. 

A sketch of t.L e model tested i s shOlm in figure 3. The model 
consisted of a wooden boom upon which wer e mounted the wins and 
stabilizing surfaces . The wing had 420 sweepback of the quarter-
chord line and a taper Tat~o of 0.5. The airfoil section perpendicular 
to the 0.50-chord line was a Rhode st. Genese 33 section. This 
section was used in accordance . wi th free -flight-tunnE·l pr ac tice of 
using airfoil s ections which o"Qtain maximum lift coefficients in the 
low-scale tests approximately equal to that of a full-s cale wing having 
conventional airfoil sections. The stabilizing surfaces were straight­
taper unswept horizontal and vertical tails having NACA 0009 airfoil 
sections. Two vertical tails were tested on the model: one 10.6 percent 
of the wing aroa the other 5 .25 percent of the wing area . The modal 

'was constructed so that the vertical- and horizontal -tail lengths 
could be varied and so that the vertical position of the horizontal 
tail could be adjusted . Figure 3 presents the geometriC characteristics 

·of the stabilizing surfaces and fiBure4 presents the various positions 
of the surfaces for which tests ,,,er e made . 
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TESTS AND CALCULATIONS 

Force tests were made to determine the lift, drag, and pitching­
moment characteristics throughout the lift range for the model without 
the horizontal tail and with the horizontal tail in the thr ee positions 
shown in figure 4 . In addition, force tests were made at ±SO yaw 
over the lift range to determine the lateral stability characteristics 
of the model with the vertical ta,ll removed, with vertical tail 2 
mounted in position l, and ~ith vertical tail 1 mounted in positions 1, 2, 
and 3. (See fig. 4.) For all these tests the horizontal t ail ,yaEl in 
position 1. All the force tests were made at a dynamic pressure 
of 3.0 pounds per s~uare foot, which corresponds to a t es t Reynolds 
number of 271,000 based on the mean aerodynamic chord of e.68 foot. 

Tuft tests were made to study the flow pattern over the ,.ring 
alone throughout the lift range. These tests vrere made at zer o yaw 
at a dynamic pressure of 2.8 pOl.mds per square f oot, vihich corresponds 
to a test Reynolds number of 205,000. Photogr aphs were taken of the 
upper surface of the wine over a range of angle of attack from 00 

to 340. 

Power-off flight t ests of the model with the center of gravity 
at 0.55 mean aerodynamic chord were made throw:shout a lift-coefficient 
range from 0.48 to 1.02. In addition some flights were made with the 
center of gravity at 0.40 mean aerodynamic chord at a lift coefficient 
of approximately 0.75. For all these t es ts the vertical tail (tail 2) 
and the horizontal tail wer e mounted in position 1, r espectively. 
Power-off fl1ght t ests 'ver e also made at a lift coefficient of 
approximately 0.6 with vertical t ail 1 mounted in positions 1, 2, 
and 3· (See fig . 4.) 

In the fllghts, abrupt deflections of approximately -il8° 
( to tal 360

) of t.he ailerons, 50 of the rudder, and 50 of the e l e va tor 
wer e used for controlling the mod~l. A complet e description of 
the flight-testing techni~ue used in the Lansley free-flight tunnel 
is described in r efer ence 2. The behavior of the model in fli ht 
under th0 various t es t conditions was not ed by vi sual observations 
which were supplemented by motion-picture r ecords . 

Calcula tions were Dlade by the method presented in r efer ence 4 
to deturmine the boundary of zero damping of the lateral oscillations 
of the model at lift coeffici ents of 0.8 and 0.4 to obtain a 
correlation vIi th the flight r esults. Because a previous investigation 
(ref erenc e 5) show8d that product of inertia in some conditions had 
a pronounc.ed effect on l a t eral stability .. tvTO s ets of calcula tions 
were made, one taking into consideration the product-of-inertia terDlS 

. r 



NACA TN No. 1287 

and the other neglecting the product"of-inertia terms· For the 
calculations in which the pr oducts of inertia ~·rere neglected, the 
principal axes of :·.nertia .ier a B>saumed to coincide with the body 
axes of the model. 'l'he aerod,YDami c . geometric . and mass charac­
teristics of the model used in the calculations are presented in 
table I. The mass characteristics of the model 'iTere obtained by 
measurements . The trim airspeed) fl ight -path angle) and angle of 
attack f or a lift coefficient of 0.8 were obtained from flight 
tests. For a lift coefficient of 0.4 thes€' values -,;f:' r8 obtained 
from calculations and force tests. The values of CYS(tail off) 

and C were obtained from force tests and the values of 
n13 (tail off) 

the damptng-in-roll parameter C~ wer e obtainud from the Gxpt..-ri-
p 

mental data of referenc e 1. The values of the other stability 
parameters were estimated from the charts of r eference 6 with some 
consideration being given to the effect of sweepback on these 
parameters. 

RESULTS AND DISCUSSION 

Force Tests 

7 

Longitudinal stabllity . - The results of the force tests to 
determine the lift) drag, and pitching-moment characteristics of the 
model without a horizontal tail and with the horizontal tail in 
position 1 are presentsd in fi ure 5 . These data indicate that the 
model with the horizontal tail off had unsatisfactory static longi­
tudinal stability characteristics at moderate and high coefficients 
as evidenced by t~lc- increasing nOSing-up moments as maximum lift is 
approf:.;.ched. These data also indicate that wIth the hor~. zontal tail 
in pOSition 1 t he model had satisfactor y static longitudinal s tability 
throughout the lift range. The dowm~ash variation I-1i th lift coefficient 
was extremely favorable in producing static longi tud.inal stability . 
As the lift coefficient increased,. the downwash a.rrp~ :.."cntly decreased 
such that the hor izonta tail became more effective . This increase 
in effectiveness was 5reat enough to straighten out the pitch1ng-
moment curve for the complete model. 

The results of the force t ests mude to determine the pitching­
moment characteristics of the model with various horizontal-teil 
positions are presented in figure 6. These data ar0 given with respect 
to different center-of-gravity locations whi~h give approximately equal 
static margins over a moderate lift-coefficient range (0.2 t o 0.6) so 
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that a direct comparison of the curves can be made . The data of 
figure 6 show t!lat movj.ng the horizontal tail forward. resulted 
in a large decrease in static lcng1 tuclinal Ftaoili ty a t the 
hisher lift coefficients (0.7 to 1 .1). Movi ng the horizonteJ te.il 
upward to a position tbat might be more suit.abl.e from high -speed ­
fli ht considerations re8ulted in very marked i nstability over the 
lift -coefficient range of 0 .5 to 0 .95 . These da ta indica te thc,t 
severe changes in dmmVlash exist behind the swept -bac1e wing whi ch 
necessi tates careful a ttention to hc:C j.zonta l - t a il posl tioD in orier 
to obtain satisfactory static long~ tudinal atabili ty chara-:; ter i st ·i.cs 
throughout the lift r ange . 

I-.ateral stabi.li ty . - The r esults of the forc e te, ts made to 
determine the l a teral s tab ili t~r charaeteristlss of th:· mode l aY.'(;; 
presented in figure 7 i n the form of plots of the l a t er al-force 
parameter Cyf3) direc t i ona l -s tability pa r ameter cnf3 ' ,d. 

effectiva -dihedra l parame t er C1. asa1nst angl e of attack and 
o 

lift coef ficient . These data show tha t with t he ve r t ical t a il 
r emoved) the model had a typical varia tion of' C1. ,.,i th Cr for 

(3 . .J 

a swept -back viing. 
of C1. wi h CL f3 

Addi ng the vertical taD. reduced tht;) var iation 
up to a CT of 0.7. Thi s r e ductlon r esults 

b ecause the vertica l t a il moves dmoffiVlard with :i ncreaein, angle of 
attack. The data of figure 7 a lso show that the mode l with vertical 
tail removed had approxi mately zero directiona l s t abili ty FC ~ 0\ 

\ n(3 ) 
and that the addi t ion of t a il p~ea and the i ncrease in vertical-tail 
length incroasod the di r e ctional stability as Gxpect6d . 

Flow Surveys 

The r esults of the tuft t es ts of t h e vling a lone are presented 
in figure 8, Theoe r esults a r e typical of moder a t e a spect -r atiO ,dn,-. s 
wi th f a irly l arge aTIlotmts of sioTeepback. At low lift coeff i cients tho 
air flO'.., ever the winG is n ormal but a t moder;).te l i f t cCt;fficl0nts 
ther e in sp wise a ir flow toward thE:! wi.ng tips a lcnt;; thu tra ' J. ing 
edge of the wing . As the lift coeffici ent i 8 i ncreased) th1s out ward 
flow becomes mor e pronolmc8d and effects cherdwiso s t a tions 
progrossi ve ly f arther ahead . At maxi.mum lift cocff j.ci c.nt a l l tho floyl 
on thE.: '''ing pane l s is outward end r ever ee fleY! 3...'"ld f l 'J"lr 8epLU~atl on is 
noted near the l eading edge a t the quarter sp~. 

- - - - - - ---
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Flight Te" ts 

All the flight t ests "Tere made with the hor izontal tail i n 
position 1. 'rhis horizontal-tajl position was chosen because force 
tests showed that with this tail position the most satIsfactory 
static longitudinal stabjlity was obtained throughout the lift r ange . 

Longi tudinal stabUi t;v·. - The dynamic ~Longi tudinal stability 
characteristics of the model with horizontal tail 1 and the center 
of gr avity at 0.55 me&n aer od;ynamic chord were consider ed sat:i.sfactory 
b etween lift coefficients of 0 .48 to 0 .65. In this lift-coefficient 
range t he model flew steadily longl t udinally and all pitchi ng motions 
a ppeared to be heavily damped . . 

Over the lift-coefficient r ange from 0 .65 to 0.80, satisfactor y 
flights could not be obtained because of difficulty i n esta11jshing 
the correct trim airspeed and tlliJDel angle (which corresponds to the 
model flight-puth angle). At tim@s these settings \vould appear to be 
correct and the model would be flying satisfactorily but then 
suddenly, and for no eppe.rent reason, the model would t end to rise or 
drop in the tunnel and large changes in tunnel angle and air8peed would 
be r eCluir od to maintain flight . Often the changes r equir ed ~"8re 80 

large tha t they could not be made Cluickly enough to prevent the model 
from crashing . This difficulty has never been experienced before in 
the Longley free -flight tunnel and must ther efore be associated in some 
way ivith the p~rticulB.r swept -back wing tes t ed (A = ~2°, A = 5 .9, 
and ~ = 0 .5) . The for ce tests indicate tha t the model haa sufficient 
ste.tic 101l6i tudinal stability except possibly betwe n lift coefficIents 
of 0.65 and 0.75 (fi3 ' 5) . It was thOlght that the reduced stability 
between lift coeffic:ents of 0 .65 and 0.75 might xplain t~e err tic 
flight behavior noted b w oan lift coefficients of 0 .65 and o. eo. 
A few flights made with the center of gravity moved forward 0 .15 mean 
aer odynamic chord to increase the static longitudinal stability 
(fig . 9) , however, did not result in an impr ovement in the longitudlno.l 
flight behavior in this llf't coefficient range (0 .65 '1 :: o . eo) . 

The err atic longi tu.dinal flight behavior at lift coeffic:Lents 
between 0.65 and 0 . 80 might be the r suIt of a change ~n nir flow over 
the vring ( ind'::'cated by the pitchin -moment do.ta of fig. 5 end tuft t6Sts 
of f ig . 8) comMned w:i.th a -ar 8e variat~. on of "he flight -puth anele 
with lift coefficient (sho"",'Il by the data of fig , 10) . ThE) rrutic 
flight behavior of' the model :Ln the tunnel ind.icates t hat airplp..rlos 
wi th vrings wh ch have abrupt changes in the v0r ic.ticn of pi tchin moment 
with lift coeff i ctent might have unsatlsfactory dynamic lon, itudinal 
char acter istics even thou h sat_sfectory static longitudinal stability 
is provided by a hor izontal tnil . This supposition i8 subsv~ntiated 
by neure 11 in which pitching-moment chCtr a cteristl c8 and flight-pa th 
angles for the model tested are compared with similar data for a model 
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having a 'l-Ting with the sahle sweep'bac'k: 'but a lower aspect r atio (3·0 ). 
These data show that the lmv-aspect-ratlo wing doeE not have as 
abrupt a change jon its pitching -moment cnr've as the high -aspect 
ratio wing and has a. smaller variation of flight-path angle wIth 
lift coefficient . The static longitudina.l stabtlity charac teristics 
of the complete models are simi~ar and app8Ex to be satisfactory . 
In the flight testa wHh the model of aspect ratio 3 .0, the d.ynamic 
longitudinal st£..bility was saUsfactory at all lift coefficients 
tested. It appear s ther fore tha.t the dIfficulties experienced in 
flight with the model of aSllect ratio 5.9 betvTeen lift coefficients 
of 0 . 65 to O.eo can be attributod to t he abrupt changes in wing 
pi tching moment and fliBht-path angle . 'l'he u~satisfactory l ongi­
tudinal stabHity noted -n the model flights might be eVidenced in 
full-scale flight by difficulty in maintaining steady flight at lift 
coefficients at which abru:9t changes occur i n th", pItching-moment 
ch ,racteristics of the 'ving . This particular phenomenon r equ'res 
further investigation. 

In flights at lift coefficients between 0.80 and 1.02 with the 
center of gravity at 0.55 mean aerodynamic chord, the longitudinal 
stabUi ty was considered f airly satisfactory although not B,S 800d as 
for 11ft coefficients between 0.48 and 0 . 65· vrhen the 1:lodel reached 
angles of attack that corresponded to the stall the model settled 
to the tllilllel floor without any pitching motion . 

Lateral stability and control.- Wtth verti\.~al-'-:- -L12 in pooition 1 
the l ateral stability characteristics of the model werv considervd 
satisfactor throughout tha lift-coefficient range investigated. The 
lateral motions, pr edominently r olling accompnnied by a small am01L.""lt 
of yawing, were f'airl;r ,,1811 damped. Al though a~lleron control "'as 
noticeably weak at lift coefficients abOV0 0.9, no great difficulty 
was encount r ed in me .. int,,--_ lnin 18. teral contr ol. The abili ty to 
maintain lateral control at high lift cooff cients with r edu,od ailoron 
e ~fecti veneSs is attributed to the fact t at the .ring damping in 
roll (C

Ip
) at thes high lift 00efflcients WD.3 also Etppreciably 

r educed. (See fig. 12.) 

At the stall no aorurt roll -offs occurred fu""ld the mod~l usually 
settled to the tunnel floor with wings lovel. This good stalling 
behavior is attributGd to the slight positive d~ping in roll present 
a t the stall for this wing, which is in contrast to the negative 
damping or autor otation at the stall for unswcpt vTing. (Sec fi . 12 - ) 

In the flights made with vertical tail 1 in positions 1, 2, 
and 3 the r eductIon in tail sizo (tail 2 to tail 1) or the r eduction 
in tail length (positions 1 to 3) resulted in a progressive r eJuction 
in the damping of the lateral oscillation. Figure 13 pres -'nts tho 
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resul ts of motion -picture r0'cords of flights .,i th controls fixed 
made with vertica l taU 1 tn positions 1) 2, und 3. The s8 data show 
the r educed damping of the rolling motion as teJ.l l ength wes r educed 
and indicate that with tail 1 in pos iti on 3 marglr.al later~ l 

stabili ty w::.s obte.inod . 

The r esults of the calculc. t ions made to dl3termine tho b01mde..ry 
of zero damping of the later aJ_ oecilletion (R =: 0 ) are presented 
and corre lated with t he i'Ught r 08ults i n figure 14 . Thase dLta 
show t hat the more complete theory, product-of "iner tia terms included, 
gives a satisfa ctory indica tion of the boundary for zor o damping 
of the l a t er a l oscillation but the.t when product-of-·in0rtil:.1. tGrIUS 
are neglected the boundary f or zero damping i s no t predicted with 
satisfc.ctory ac curacy . w118n the product-of - inert i a terms [:1,r 0 
n egl ected, the b oundary indica tes lateral instabilj.t.y for larGer 
values of Cn U;.an those for "thich t he flight tests indicated t ha t 

f3 
l a t er a l ins tability exists . Neglecting the product-of-inertia terms 
c orresponds t o the cond tion • .,here the flight path and the principal 
axos of iner tie. coincid<.;. 10Thi eh coul d bEJ accompl.ished on the model 
by introducing the propGr [J]lount of wing incidence . A. datb.iled 
ana l YSis of the effect of product of inertia on the later al stabili t y 
boundar y for zero damping of the l a t er a l oocillation io givGn in 
r efer ence 5· 

CONCLUDING REMARKS 

The results of forc s t ests 6.rld power-of'f f l i.:;ht tents of an 
airplane mode l v:i th a 42° swept-back wing of aspec t r ati o 5 .9 and 
taper r atio 0 ·5 in the Langley free -flight tunnel a r e summar :.i.zed 
as follows : 

1. JUt. ou.;;h t he Vll1g a lone w-as staticall y i;\J.mJ t ·\ ~ ~ lQn'~'i­
tudinallY .at mod9r a te and high 12ft coaff cients, +~e complet~ model 
vas s t 'J.ti call y ste_ble over t he lift r ange for some horizonta.l-Lail 
poal tions. The t ests showed, hov18ver, that the s tatic l ongitudinal 
stability was critically dependent on tail posttion . 

2. The d~lam c longi tudina l stability noted in the flight tests 
was satisfactory except over a lift-coeffici ent r ange f r om 0.65 
to 0.80 in which extr8IDe difficulty was experienced in establishing 
the correct t rim airspeed o.nd. f light-path angle . This difficul t y, 
which has not b een previously experienced in free -fli ght - tunnel 
inv88tiBations , was a ppar ently assoc l3.ted .lith a chDng0 in aJ.r flow 
over the wing th[~t caused abrupt chEUlges in the va.riation of wing 
:pi tching moment and model flight -pa th e.ngle over t his r ange of lift 
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coefficient. The dynamic longitudina.l behavior was erratic in this 
lift-coefficient range although ti.le static 10ngi tudinal stablli ty 
from force tests of the complete model. appeared to be satisfactory. 
This particular phenomenon requires further investigation. 

3. The lateral oscillation of the model was predominantly a 
rolling motion 'Thich vas well damped when a large vertJcal tail was 
used. Reducing the vertical-tail size or vertical-tail l on th 
resulted in reductions in damping such that with the smallest ta11 
and the shortest tail-length configuration flovm) the oscillation 
was marginally stable. 

4. The boundary of zero damping of the lateral oscillatlon of 
the model obtained in flight tests was predicted by the lateral ­
stabili ty theory that included prod.uct-of-inertia terms. Hhen the 
product-of-inertia t erms were ne81ected. the theory did not predict 
the boundary for zero damping but indicated insta.bility for 1a.r80r 
va.lues of directional stability than observed in the flight tests . 

5. The lateral control of the model was satisfactory at low 
lift coefficients. At high lift coeffic ients the lateral control 
was noticeably weaker but no grea.t difficulty ,,,a.s enC01J.nt6T~d iE 
maintaining control. This abEity to mainta.in lateral control with 
r educed aileron effectiven Jss 'Ims attributod to the reduced damping 
in r oll at these high lift coefficients . 

6. At the stall the mode l settled to the tunnel floor without 
pitching or rolling off. The absence of r ollin3 is a.ttributed to the 
fact t.."lJ.at the swept wing maintains some damping In roll at the stal l 
in contrast to an unswept wing whjch usua.lly would 8.utorotate at the 
stall. 

Langley ~1emorial Aeronautical Laboratory 
National Advisory Committee for AGronautics 

Langley Field) Va ., October 24, 1946 
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TABLE I 

CHARACTERISTICS OF AIRPLANE MODEL WITH 42° SWEPT-BACK WmG USED 

IN THE CALCULATIONS OF THE BOUNDARY OF ZERO DAlviPING 

OF THE LATERAL OSCILlATION (R = 0) 

C = 0.8 CL = 0.4 
L 

w/s, 1b/sq :ft 1.85 1.85 

b, ft } .8 3·8 

p, slugs/cu ft 0.002}8 0. 00238 

vJ ft/sec 44 62 

Il 6· 33 6·33 

kx ' ft 0·51 0·51 

kZ ' ft 1.29 1.29 

Cz ' per radian 0 .17 -0.28 
p 

Cz ' per radian 0.142 - O.099C 0.108 + o.o60c 
r n 13 (tail ) n/3(t&ll) 

C per radian -0 .0.406 
~' 

- 0.099C 
n 13 (tail) 

-0.0309 - o.o60c 
n~(tail) 

Cn ' per radil'\ll -0.0131 
r 

Cy , per radian -{) .0074 
l3 

C , per radian 
nl3(taH off) 

7, deg 

cr., deg 

- 1.2C 
n 13 (tail) 

-0.0071 - 1.2C 
n~(tall) 

- 1.67C 

0 

-9 

10 

n 13 (tail) 
-{).OO74 - 1.67C 

0 

-10 

2 

NATIONAL ADVISORY 
COMMITl'EE FOR AERONAUTICS 

n 13 (tail) 
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Figure I. - The ,5tobddj' 3y~tem ofax.es. Arrow" Inti/ecrte 
p05dlve dlrect,On.5 of moment.5 and force.s. This 
sY:5fem of OXl?5 1.5 deftned a.s on or/hog onal ..5y~tem 
havln9 11-,5 Orl91n of the center of 9nJJ//1y ond /n 
whIch the Z-OXI..5 /5 In the plane of symmetry ond 
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the plane of ..5ymmetry dnd perpendicular 10 the 
Z-OX15; and fhe Y-QX /5 l..j perpendIcular to the 
plane of .:5yrnmetry. 
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Figure 2.- Airplane model with 420 swept-back wing in flight in 
the Langley free -fligh t tunnel. 
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