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PBELDlIHARY TESTS OF A BUFFET S'l'ALL-H:.RNING DEVICE ·ON 

A 1/5-,SCAIE MODEL OF THE REPUBLIC X?-34 ;U:RPIJ.NE 

By Harren f . Tucker and Paul CorrJ.sar01·, 

During the first flisr t 'ces'ts of the Republic xp-8l~ airplane 
it i"as . discovered thet there was a cOIrr.Qleto lack of stall ,,,arning . 
A short series of development tests of a suitable stall-varning 
device for the aj.!":?lano 'V1 s therefore IJ1J3..do on a 1/r5-sco.le model 
in the Langley 300 l'1PH 7- by 10- foot tunnel. 'IVo similar stall­
vlaming ci.3vj.ces) each closigned to proG.uce early root stall which 
would provide a buffot vT8..--rninb, llere tested . 

I t 'al?peared th '1.t oither de-icc ",ould. give e. s a tisf a ctory 
buffot "TO.rning in the flaps - up conflguration, at the cost of an 
increaso of 8 or 10 miles per hour in rtinimum speod . 1.1. though 
nei the l' evice soomed to giye a trne buffot vrarninB in the flaps ­
dO\m configura tion, it appoared the.t oi ther ~levico i>TOuld improvo tho 
flaps - dm-m stalling chnracteristics by 10s80niL1g tho eeveri ty of the 
stall and by maintainine bettor control at tho stall . Tho flnps ­
dovn minimum- spe -a. inCleacc CQ.1,wod by tho devicoD vas only 1 or 
2 niles per ho'Ll!' . 

IN'mODUCTION 

The first flight tests of th :Re nblic xp -84 no . 1 fli r:plane 
showed the st2.11i:r:g charactGristics to be Ulloa tisfa.ctory (ref erence 1). 
The stall occurred, with ne roliminary ~r:.rr,.ing, in tho fOrD of 11 

roll-off to the left, P.ccomp£lJlicd by e. suddon dro:PJ)i ng of the nose. 
Tho roll -off "ras undesirable, b lt tho principal objection of the pilo t 
"las that there ,\'a8 a n absolute lac~( of stall wa~:'IlinB . 

Motion pictures of tufts attached to the '''ins of the a irplano 
showed that the l eft ,.,in/3 panel stalLxt ::.;racticc.lly 0.8 a whole , 
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thus accounting for both the roll - off and the lack of warning . Had 
the initial stall been c onfined to the r egion of the lYing - fuselage 
juncture , the rolling tendency ,wuld have been smaller , and a warning 
might have been present in the form of b lffeting . Some exploratory 
f light tes ts were made wi th Gloves on the wing root leading edge 
to induce early root stall . These additions were successful in pro­
viding a stall 'fa rning , but cansed unacceptable increases in mini mum 
s peed . 

Because of the stringent flight s chodule occasioned by a 
restricted povTer -plant life, i t vlas thought exped::;.ent to make 
further tests in a '{indo tunnel . Accordingly J -ehe Air Materiel Command, 
Army Air Forces , r e CluGstod t hat davelopment t '3stS of a sui table staU ­
warning device be made In the LanGley 300 W)H 7 - by lO-foot tunnel . 
These tests ar e r eported in the p:;.'esent papor . I n undertaking the 
tests , i t was fully realized the.t the absolt:te magnitude of the 
results of wi nd- turmel tests iwuld have t o be used with discretion 
when predicting fu.l l-scale stalling characteri stics . 

Two similar stal l -warning devices .rere tested . Each was 
attached to the 1firi.g l eading edge at the r oot and was desie;ned to 
cause the initial stall to OCC'll.T at the root, but one e::::tended span­
wi se twice a s far. a s the other. The spanwise lenGths of the devices 
were kept smal ler than those l~eported i reference l , since the 
results of reference 1 (the large increases in minimum speed ) 
indica ted that an i n ordinately large ivine: a r ea vTas being affvcted by 
the leading- e €I.e gloyos . An attempt ivaS made , b y correlating the 
result s of force tests and t'l~t stud~es, to evaluate t he performance 
of the stall-w:lTI1:i.ng device s as applie . to the airplane . 

COEFFICIEN'IS AND SYJYffiOLS 

The results of the tests ara presented as standar d. NACA 
coefficionts of f orces and moments . Pi t ch:lng- moment coefficients 
are given ab out the center-of - gravity location SlOwn i ;). f igure 1 
( 26 . '}5 percent of the mean aerodyrlarn:i. c chord ) . The data are referr ed 
to the stab:l.li t y a xes , whi ch are a Sys tc;ID of axes having their ori gin 
at the center of gravi ty and in which the Z-axis is in the plane of 
synnne try and por"gendicular to -t-.Jle r elative wind , the X- axis is in the 
plane of symmetry and perpendicular to the Z-aXiS, and the Y-axis is 
p(3rpendicular- to the :plane of Syrrrr!'.8try . 'rhe posl ti ve dir ections of 
the stability axes J of angular d:i.splaceruents of the airplane and 
c ontrol surfaces, f'J.nd of forces and moments are shown i n figure 2 . 

CONFIDE:NTIl.I, 
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TilO coeff icients ond synlbols arc clefined 2.S f 1101Ys : 

CL l ift c oo ficient (Lift/qS) 

Cx longituclidll-forco c oof fici0nt ( X/Q.S ) 

Cm pi t ch ' nG -mol.'lcnt coef fi cient (r.1,IqSC' ) 

-z Uft 

.X~} 
M 

q 

S 

c ' 

v 

p 

C 
l t rir 

~1~X 

forc os along r orrpccti vo o.xos, POU11(1.S 

moment o.bout Y - ,ixis , pouncl. ·foot 

f~'oG-stl"e'3.lll (lyn).Tnic ."ressurc, po lJlcls 
I' ?\ 

:90 1' squoro foot (OV";' ) 
. 2 / 

offoctive d;'l1~:.r:lic prossuro C.t t8.il , 2."louncls per squnre foot 

,ving moc.n a(lroct~'1'l['Jjli c chord (11 ,:'., C , ) ( 1, ~ 8 f t on tlooel) 

froe - st1'eOlil :1i1' veloci ty , fc:)t ~!?e:r socO!l(l 

:t:1.:l.SS donoity of 2.i1') slug ncr cubic foot 

2.l.1Glo of a tt2.ck of fnsol::.go roference line, dogreos 

QIlt.:)lo of stabili 201' v.J1 tll ros:;,?oct to f'1301o..ge refor ence 
line, clegroos; :;')03":' ti Vt; when tr.:.ili::l;3 odge is d.own 

olev'l.tor o.of10ctio!.l 1:i tl1 ros-;!oct to ct".oilizor cJ ord I ' no, 
('towees j po i ti -,-0 .rhor.. tr[~i_inG 0 GO 10 dmll 

slotted-fIn}) defloctior.. vrith respect to l.U1clefloctod pOG1 tielll , 
d031'ocs 

I:1nxiI!ll.l.Ll v::.luo of C 
Ltrim. 

i tlico.tcct airspoed., rules l)or hOLl' 

CONFITIENTI .\L 
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The Republic xp -J 4 Qirpla nc i s c.. s ingl o -v l Qc c ) s ingl e -jet , 
10"T-J'1iclvling f ightcr) and has been clescrlbe d ln rofercmco 2. 

The 1/5- 8co.l e morte l has a l s o been describ ocL in r of e r once 2 . 
F or the pr esent t e s ts J t he s lotted f lap WO.D used, 0 • .3 W.iS t he 
r evlsed h ori zontc..l tail , "Thi ch \'las ce t at -1.00 for all t o s t s. 
'lho l cmding BOo.T 'das r etr a ctoc1 f or 0.11 tests . .',11 tests were 
mack i-Ti th t he Illocle l blmler unJ t inoperQti YO and "ri til t he o.uct 
open. .• t hree-view cLra¥Ting of the mod.el £111C"\. 0. uhotograph of tho 
mod.e l i n the tunnel c..r e sl101m ia fi gure3 1 end 3 , rospec t i ve l y . 

'.rho t.1vo stall-Ho.rni ng c'.evi ces tested on the Hottel a r e shown 
in figure 4 , '.rhe d.o;ce'. of references 3 QneL ~ .• Tere ase e"\. as a basi s 
for 110 cJ.esi(5U of t ho ,·rc..l'TI3.ng cloviCGs . I t is tl1ou:j'!t t h ::tt t ho 
high- Gl)Oocl porfo:r:n::mce of the 'l.irpb.ne shoulcL b 1.3 li ttl o affectod. 
by t he ctevices , since i n t his fliG-ht condition the clovi c OG shoulcl 
0 0 very near t ho sto.,'?::tti on lJol nt. 

To incl:eo.se t he off ecti vo Reynoldo ntmbor for D. 3 i ven tUlli'lo l 
speecL , a turbulenc o net \-las UGeet ( tho not r.1.'1:Y b o soen i n fig . 3). 
The turbulen ce not \-r;',8 .Ct. ot:.:.nd.:;.rd fich not. L1~.(lo of J/16- inch 
dicuae t e r c ot ton ti'Tine Hi th a 0Clu::tre Each l~ incllo8 on a s i de, .::tIld 
vu1s l oc ::..teo. i n the t unnol 97 i nchc s upstrocn of tho cent er l ine of 
t he bQl c..nc o fr .3,:no . 

TES'I'S 

Tost Condltions 

'.rho ttU1l1e l clyn ::r.li c prosGl.l.r o W!J.G hold o.t 40 . 03 } ound.s pcr 
squa r e foo t f or 0.11 t ests . J3.:-~secl on the 110(101 ,'Ting Ll0ffil c,erodyn amic 
c:lo:c,l of' 1 . l.r.8 ·f'o -.t, t~l'io co·, .. · .. ,'" leY'it:' ·'Lc . Rr' " ,o" i ' "'l"'lb " '" uP ,.- , - 2:.- I - v.,l -- _. - - ............. .. --.-~:'> v • .... v:J- - --.. .. .. ) -- j., . v . . .J.. 

1 . 73 ~, 100 . '.rhrou gh s:9her e prossur e ·-ueJ.surenont tests o.f ter the 
n10 thod of r of e r enc e 5, t ho t urbu l onco f O.CtOl' Vl~L tIl the ne t i n ulace 
,,'o.s foune.'!. to b o 2 . 2~. ) s o th::..t t ho effocti ve ReJ:l0l ,.ls number of tho 
t e s t a wo.s 3.13 ~ ~ 106 . (TI10 ROjilol dG n~~bor of tho ful l sc~le 
o.irpla.no f.\,t mo.x ir.W..T.l Hft i s o.bou~ 7 x 106 J flaps cLoim) 9 )( 106 , 
flaps up .) 

Corrections 

No corrections for ta.r eG caused by the model support s y s t em 
ha ve been c..ppli ecl to the da t Cl. . J et-boli.Tlc1.o.ry cOI'rections h o.vo beon 
applied to tho angl es of 'J.ttc .. c~{: } the lone;;i tucl..ln..,.l force coeffici ents ] 

CONFIDENTL\L 
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BnQ the pitching-nooont cooffi cients. ~le foll owing corre ctions , 
obtainoQ fron reference 6, wor e ~d eQ to ti10 test date: 

where fu, is in d.ogrees . 

l 'est Procoduro 

Tuft stUdies of the r ight loTing ,,,oro DD. _e flc.ps up , BnQ fl . ps 
dOim 300 , with the nQdel i n tJ e clt.J::m cOl~ii tion (no I3to.ll-m:.rning 
devico ) and '\on th botl etall- lorc.rning devicos . 'l'he behavi or of the 
tufts , besi des b eing observed visnc.lly , waG c.1so recorded With a 
notion-picture c::mero. . 

For the s~c configur~ti cns notod ~bovo, t e sts throu~l tile 
angl e - of -o.tto.ck r ongo wore TIC e l-1i. ~'1 v:u-ious e levator deflections , 
fu~d tlle force :.3.t:~ were re ordoG. . 

PRESENT; TI()N OF RESULTS 

_'.11 outline of t he figures presenting the results is givon 
belO1" ~ 

Pir.:ure 

A. I ni t ir..l sb.ll pa tte:cr:s 

B . EltJva tor te te 

6 

7 

C. Elevo.tor defloction rOClu.irc to trio 8 

5 

--------------------
1 Figurcs 6(a) 2.Ild 6(b) incluQo sepc..r:lte "lad e r " plote of the 

pitching-noTIont coefficients . 

CONF'IDENTLAL 
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DI SCUSSION 

Tuft Stucties 

No st3.11-ywrnj ng dav; G O S . - Hi th no sto.ll-",';.rning device on tho 
wing the sto.ll ,ms vory abrupt, both fl~ps up ond flc.:ps dovm . The 
initio.l ct211 occurred over tbe l~rge ~reo.s shown in fiaure 5 Qild 
t hen sproo.ct very r o,piCl . .ly ovor the r est of the wing . T:lis observ.:2t i m 
w~s in 3ogreer.lont ,.;ith tho r esults of tuft r<tu<lieG on tho full - sco.lo 
o.irplune ( reference 1 ). 

I t wo.s noted while :r.J[l.king prolininc,ry tuf t stuclios the.t in the 
f .l.:::.ps··up confiGv.r.:2tion I-Ti th no st8..1l -vT::rn.ine; o.e-,ricc t ho,t tho loft winS 
p-::.nel stn.llod about 2 0 o8,rlie:c t h '\u the rizht :;;>:::l.llel. Excopt for 
t heso first stuclies , tufts "Tero ~,tt:::.chod. only on tho right wing . 

Sta ll -I·mming iev-icos nos .. 1 Q!lc1. 2 . i-li th oi ther of the hra 
sto.l l· ·warn i ng r1.e vi cc s o.t t c.choo. , 0. g:tD.dutll cncl ccesi:i.~c,ble stall 
pr ogression l lQS evidont, both flD..l)S up ~Cl flc',ps c1ovm. I n oo,ch ca se, 
the ini tia.l st':ll occur:;,'od D,t C!. slig.htl~' low'or o.n310 of a.ttack th::m 
f or the corresponding configurc.tion , .;i t h no s t c.ll -VTQ,rning device . 'Th e 
i ni ti o,l sto.ll covoror!. '1 rel8..ti voly srnll ,.1rO:1 e.s G110Wll in fiGure 5, 
.:2lld e;r o.dually spro:lc1. ±'Ol''imrc1. c,ne!. outbo".rd a s tho o.ll.gl e of ~tt.c.ck vms 
i ncree.sec.. 

Sts.ll '<[c.ming 

I n t he fl~ps · up COll.fi c.;urc:, ti on, co .lpl ote s ets of c l eva. tor 
test s wore obtcdned for tho cleo.n ,,,1,ng o.n(l for stc.ll -imrning d~vice 
No . l , For t:lis conci.i tion, then, n f:lirly con:::lete Qilo.lysis of 
t he stall 1f0.r:.1ing C ,)ll bo 11:..';.c1 . '1'11io ,,,ill bo c_isCUSGod first . The 
r esults of the tests in the ottO}:' cor.d:ic;urc:tion will thon be c.i s ­
cussec. in 0. SOnOVT~o.t cliffe:;'1ent vein . 

Flans ~t?-l l -'ve.T1).ing d.evi ce No.~. - The type of stal l YTam i ng 
t ha t can b e expected is sh own by t he esti:rrlt'.ted elevator-to-trim curves 
of fi b 're 8 taken fram the data of figure 6. The buffet r egion and 
the po1nt8 of compl ete win g st ,11 were estiLJat ed fro the tuft s tudi e s . 
For the cleo.n ivi ng ; tbe lack of sta ll ,-ro.rning is evident ; as the sti ck 
i s pulled b3oc1;:: , prc~ctical1y the entire 'ving suddenly stalls ivi th no 
proliminary buffetin' or D:J.rlced :tncrcc.s e in stick t ravel. . This be ­
haVi or wa s noted in the fli ght t ests r epo:r-ted in r eference 1 . 

With s t.all-wo.nling devico r o. 1 i:!:1staJiled , a stall warning i n the 
f OITl of buffet I:J.ay be expected to occur a t an up- e l eva tor defl ecti on 

CONFIDE.l,T'YlAL 
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of [i.bout 110. As th(:) stick is pulled br.ck beyond t.l1is point, no 
further speed r eduction vTill r osul t, but the buffeting should becotlf) 
more severe as the result of a s1?l'eaG..ing root stall. It will be 
noted tJ.lat although mniL"'D.lm speed is r oac!J.ed at the S8lJC point at 
which buffeting begins, tho airplano should rOnQin controllable 
wi th further backward :c:J.ovemon"t of the otic1c alnost lmtil full-up 
elevator ( 27 .5 ° ) is reached, sinco it if) not until an up elevator 
of 250 tha t the entir~ wing stell s . This G.ction should constitute 
a s a tisfaQtory stall warning. 

It vrill be noted frOtl the curvos of figure 8 tho.t the olevator 
i s sufficiently powerful to ste.ll t ho air ;:>l ane for th3 two cases 
presonted. An inspection of the d~tc of figures 6 Qild 7 shows 
that for e.ll configurations tooted , tho o.iT".J?lcme nay b o stalled 
by use of the elevator . 

Tine did not perTIit nDKing ~ny cor~loto sets of olevator tests 
othor t :lDn those just diocussud . TherefOl'e tbe rosults of the 
r oIJEtin(lor of tho tests are a.T1c.lyzed in c slightly d2.fr er ont fom. 
(See table I.) Tno valuos presoncod in tablo I are tho ru1glos of 
a ttnck for initia l otall and DmCi:r:lUn lift, and tho correspondiI18 
trin lift coefficients and indicated o5rsioedo f or gross weight 
of 13,000 pound.s . (Tne wing Q.roc ')f tlle ::' irJ?ln..."1e is 260 sq ft .) 
The angles of c.tte.ck for t he ini. tial stt'lll woro dotormnod froD tc'1o 
t uft studios . The othor quanti ties 1-rare obtained fron the force ­
test data of figures 6 a.r:d 7. It shoul bo rcmrIDered t hnt the 
prelininm'Y tuft studios shc"i·rod e slight difforonco in stall angle 
betwoen the l oft D 1d riGht wing panels , s · that the e.bsolute value s 
of tho quantities in ~~ le I DUst be r egarded with caution. 

Flaps up. stall-warninB dOYiQo N~Z.- About the sane beh vior 
can be expected as for device No .1, v1i th por _a.ps an addi tiol1al 
advar..tage in the .fom of c. slight Sp00 n.."'..rgin bet1-roen the first 
warning and the ccnplet o stalJ . . 

Flu..:Q8 doYlJl 300
! st[.ll-w" nt.P.e.. devices Nos . 1 ar.A..2..... - It appears 

thut for tho flapD- dmiTI. c~8es , no stf'..ll '\·Tu....YTIing in :tho fom of 
buffeting or increased stick travel can be oxpoctod , sinco tho angles 
of Iltt,'1ck for initi;...l stall an C~ ere pru.ctic.2.lly equal. (Tno 

angle s for initiul s t a ll 1Toro not 80 clo~rly dofined as r or ti1e 
flaps up cases , 0 tilat til0 tD~ul~ted va lues arc given us appr oxinute.) 
As the stick is pullo~ back to r oach ~~ ~"1glc of att uck higher than 
that f or initi~l stall, tho lift Will therof ore drop , instea d of 
reInin:i.ng a proxitID.toly constant as in tho flaps - uj?" ca s es . There soens 
to be a slight a!1glo - of-attack Ik~rGin for dovice No . 2, but the nargin 
i s t co omll +'0 " llow saying defin_ toly that t:lor o w'ill be any buffet 
warning . 

COlllFIDEN'i'Ii\.L 



8 CONFIDENTIAL NACA RM No. L6J02 

Although the devices tested apparently >vill not provide a true 
buffet stall viarning in the flaps down configuration, they should 
serve to improve the fiaps -do1Vll stall chara cteristics . It should 
firs t be noted that the ~~gles of ~ttack for C

Lmax 
given in tab l e I 

for Of' = 300 are lower than those:: at whi ch the entire wing wa s 
- 0 

stalled (for Of = 0 ) the two angle s were the same) . As was 
pointed out in the discussion of the f'laps - d Olffi tuft studies , t..h.e 
entir e inboard half of the Iving stalled at . S when no 8tall-

.. J:max 
warning device was used. . With either stall- vTa rning device, the 
stalled portion at Gr was much smaller , so that the stall would 

Lmax 
be expected to be l ess s evere . I n particula.r, if any slight asymmetry 
existed in the airpl ane , causing a tendency to roll off at the stall, 
the t endency to roll ,YQuld be l ess vi olent wi th t..h.e stall -ivaming 
devi ces . Further , the stall progressiml wa s s een to b e much more 
gradua l when either stall-w'a rning device wa s used, so t hat it vmuld 
be e xpected that better contr ol would be mainta ined after CL,.. is 

,JlaX 
r eached . Tne effect , of the morC? gr a dua l stall progression is a lso 
evidenced in the some'lvhat l e ss rapid drop-off of tho lift curves 
beyond CT. (fig . 7 ) vlith the stall-varning devices attached. 

""'Taax 

M:inimum Speed 

A desirable stall-1iTarning devlce would b e one that performed 
its function \lith no docrease in CT ( and ther efor e no increa se 

J.J.max 
in minimum speed). The va l u s of 6CT, X and tN. ( table I) shOlv 

"'""1lJa lYnn 
t he.t w'i th the flaps up , devices Nos. 1 and 2 increased the minimum 
speed 10 and 8 mile s per hour, r especti vely . The smallest minimum­
speed incre3.se reported in reference 1 ivaS 8 mile s per hour ; t he 
largest "Tas 35 mile s per hour . It is thought t hat t he wind- tmIDol 
re sul ts may be conservative by as much as 2 miles per !'lour . If th3se 
increments i n mini1'1UIJl speed arlO) considered. too l ar ge , it :may be 
possible to decr ease them by f 1..lTther cutting down the span of the 
warning deVi ce, r ea.lizing that too short a device may f a il to glve an 
adequa te stall warning . 

The increases in mi:J.imum speed for t...~e flaps - down confi guration 
caused by the devtces t ested ,vcre of tho order of 1 or 2 mi l es per 
hour . 

CONFIDENTIJI.L 
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CONCLUSIONS 

The folloving conclusiuns are belsee:. on the results of t ests 
of two sta ll,·w'arning deyices on a 1/5- sca lo rlodel 0:;:' ti1e Republic 
xp- ~4 airplane in the L::mgloy 300~·iPH '? - b y J.O-foot te:r..cl : 

9 

1 . In the 
apparently gave 
wa s o':r?proached . 
miles per hour. 

fl ps, ug conficu.c~',tion, oi ther warning device testec~ 
a y;a:"'nint:> in t1:c fOr'Ll of bl:ffotlng a s the sta l l 

'1'11e clevi ces incrLiasod t he min imlJln speed b;y 8 OT 10 

2 . Neither device seemed, t o p~.:'ovide D, i ofirli te buffe t iva rning 
ivl1en the flaps wero deflec ~od 30 0 ; but 1 t · [,~pp3ared t hat the use of 
ei ther dovice \voulcl improv~ t rlO flap:::;-cloW!l st .lline; characterist i cs 
by l essonine th- sovo::.:·i ty of tho ota:J. and by ma::'ntuini ng better 
control a t the stc.ll. Tho minim ill. spo0d i ' lCr 02.S0 c<l.llsed. by the 
devices in :;he flaps -<imm coni'ig .. n'atj.on i·;3.8 on_y 1 or 2 mi]_e3 per 
hour . 

3 . Noi thei.' sto..ll -,vTcrning d~vice docr c.c..sed tho elevator pOi-mr 
to such n...11. o __ tent as to p:cevoal.; s-:;al~inG the c.ir:?la:: e in ,illY of the 
configurations tosted . 
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