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During the first £light ‘teets of the Republic XP-84 airplane
1t was. .d:lscover_ed that there wes a complete lack of stall warning.
A short.series’of d.evelépmsnt tests of a suitable, stell-warning
device for the alrplune’was therefere mede on &, l?‘j-scale 'model.
in the. Langley 300 MPH ‘T- By -10-foot tunnel-_, Two similer stall-
warning desrices, sach designed to produce ea.rly root stal}. which
would prov...&e a 'buffet Warning, were tested.‘ '., -

......

'buffet va:ming iri e fla.ns—up configura.tion, a.t the codt of -an
increase of 8 or 10 miles per hour in minimum gpoed.  Althéugh -
neither dévice sdemed to give & true-buffet ‘Wérning 1n “the flaps-
down configuration, it appeared that eilther device would improvo the
flaps-dovm stalling characteristics by lesseening the geverity of the
stall and by maintaining better control at-the stall. The flaps-
dowvn minimun-speed incresasc caused by the devices was only 1 or

2 milos: pexr hour.

. INTRODUCTICN | . o " _
;- The first flight tests of the Republic XP-8k no! 1‘aiiplanc
ghowed the stalling characteristics:ie be unsa.tisfa.c'bory (roference 1).
‘The sbtall occurred, with no preliminary warning, in ‘tho.form of a
. roll- off to the left, a.ccb-:zpa.nica. by a sudden dropping of the aose.
Tho rou-off was u.n&GSirab lei; nt the pripcipal objoction of “the pilot
wad that theore wes ai absolute lack of stall warning.

Motion pictures of tufts atteched to the wing of the airpla.ne *
showed that the left wing penel stelled prectically as a whole, U
\£ L '.:‘;‘_, UNCL SIF'E
m )




e

2 L S ' NACA RM No. L6J02

thus sccounting for both the roll-off and the lack of warning. Had

‘the initial stell been confined to the region of the wing-fuselage

Juncture, the rolling tendency would have been smaller, and a warning
might have been present in the form of buffeting. Some exploratory
flight teste were made with gloves on the wing root leading edge
to induce early rcot stall. -These sdditlons were successful in pro-
vlding & stall warning, but caused unaccepiteble increases in minimm
speed. )

Becaunse of 'I:he stringent flight schedule occasioned. by a
restricted power-plant 1ife, it was thought expedient to make
further tests in a wind tumnel. Accordingly, the Air Materiel Command,
Army Air Forces, reguested that development tests of a suitable stall.-
warning device be mede in the Langley 300 MPH 7- by 10-{oot tumnel.
These testes are reported in the present paper. In underiteking the
tests, it was fully realized that the absolute magnitude of the
results of wind-tunnel tests would have to be used with discretion
when predicting full- scale stalling characteristics.

Two similar stall—wa.rmng devices were tested. BEach was
attached ‘to the wing leading edge at the root end was designed to
ceuse ‘the Iinitial stall to occur at the root, but one extended span-
wise twilce ds Tuf as the other. The spenwise lengths of the devices
woere kRept smeller than those: réported in reference 1, since the
results of reference 1 {the large inéreases in minimum speed)
indicated that an 1nordina.tely large wing arese was being affected by
the leading-edgs gloves. "An attempt was made, by correlating the
results of force tests and tuft studies, to evaluate the performance
of the stall-warning devices as applied to the airplene.

COZELF'FICIEE\I'I’S_' AND SYMBOIS -

The results of the tests are presented as stenderd NACA

coefficients of forces =nd moments. Pitching-moment coefficients

are given about the center-of-gravity location shown in flgure 1
(26.45 percent of the mean aerodynamic chord). The data are referred
to the stablility axes, which are a system of axes having their origin
at the center of gravity and in which the Z-axis is in tho plane of
symmetry and perpsndiculer to the relative wind, the X-axis is in ‘the
blene of- symistry and perpendiculer to the Z-axis, and the Y-axis is
perpendiculayr to the plane of symmetry. The positive directions of
the stabllity exes, of anguler displacements of the airplesne end

' cohbrol surfeaces, and of forces and moments are shown in figure 2.
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CLmax mnx;mum.value of Cp,

The coefficicnts end symbols dre defined =8 follows:
1Pt cocfficient (Lift/qs)
longitudinal- forco coofficient (X/qS)
pitching-mnmnpt'copfficiqn§ (M/q?c’)_ ‘_'”"'“

1ift -t . T - PP

ferces along rospective axes, pounds’

'moment about Y aXiS, pound -foot -

_ I . 2
Tree-stroam dynamic nressuro, pounds pev squaro foot <§E{)
.. . 2

[ . -

6fféétive éjﬁamic ﬁroééuro'at tail, pdﬁnds per square "foot
wing aron (10.40 sq_ £t on mod.el)

s wing moan- aerodrnnmic ohord (MLA C ) (1 HB ft on #odol})
free- stromm air velocity, feot por- socond
mass density of air, slug per cubic foot
engle of attock of fusdidge referonce linc, degrecs

angle of stabilizer with ‘regpect to fusclage refercence
linc, degrees, poaitlve when trailing odgo iB down

T, elavator deflection with resncct to stﬂb‘lizer chord line,

&egrees, positivo thi trailing edge is dcwn .

5

slotted £lap deflection with rospoct to undefiected position,
degrees

volue of - CL when Qm =0
trim

indicated airspced, miles per hour
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ATRPLANE , MOIEL; AND APPARATUS

The Republic XP-34 airplaﬁe is o singlo-place, single-jot,
low-midwing fighter, and has been described in referonce 2.

The 1/5-scale modgl has also been described in roference 2.
For the present tests, the slotted flap was uscd, as was the
revised horizontal tall, which was get at -1.0°0 for all tosts.
The landing gear was rotracted for o1l tests. A1l teste were
mado with thoe model blower unlt lnoperative and with the duct
open. A three-view drawing of the model and & vhotograph of the
model in the tunnel are shown in figeres 1 and 3, respectively.

The two stall-werning dovices tested on the modcl are shown
in figure 4. The deta of referoncos 3 and 4 were used as a basis
for tho design of the warning devices. .It is. thousght that the
high-speod performance of the mirplsne should be lititle effected
by the dovices, since in this flight condition tho devices should
be very near the stegnstion point.

To increase the eoffective Reynolde number for a given tuanel
speed, a turbulence net was used (the not may be soen in fig. 3}.
The turbulence-net.wos.a pbandord fish net mede of 3/16-inch
diametor cotton twine with o squarc mesh 13 incheos on a side, and
was located in the tunnsel 97 inches upstrean of tho center line of
the balence frame.

- TESTS
Test Conditions

The tunnel dynamic pressure wos keld at 40.03 nounds per
square foot fer all tests. Based on tho nodel wing mean aerodynamic
chord of 1.48 foct, this corvesnonis %c 2 Roynolds mubor of
1.73 % 106. Through sphere pregsure-teasurorent testo after the
mothod of reference 5, the turbulonce factor with the net in place
wos found to be 2.24, 8¢ that the effective Reynolds nurber of the
tests wes 3.33 X 109, (The Reynolds numper of the full- scale
alrplane o2t moximmm 1ift is about 7 X LOG, flaps down, 9 X 106,
flaps up.)

Corroctions

No corrections for tares coused by tho model support systom
have been appliod to the data. Jet-boundary cérroctions have been
applied to the anglos of attock, the longitudinal..forco coefficlents,
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end the pitching-rioment coefficlents. . The following correctioms,
obtoined from reference 6, were added to the test datae:

o = 1.00 €,

Aoy = -0.0L75 _cL

A, =

vhere O -ig in degreos.

KRN - Skl L e

‘I‘éat Proced.uro h

Tu.ft Btudies of the r-‘ght wing wore md.e flaps up, and flaps
down 300, with the nodel in the clean condition. (no stall-warning
device}.end with both stell-wbrning devices. - The behavior of the
tufts, besides beling. o’bserved_ visue.l_'ly wa.s &J.so recorded with a
notion-pict.uro c..ne’"a.. oD -

For ‘bhe sane con:E’igu:ceticns noted abova s tesus tlu-cugh the .
angle-of -attack range were mede with verious slovator deflections,
and the force data were rocorded.

PRFSENTATION OF FESIJI.‘IS

- o~

‘ An outline of 'bhe figures presentmg 'bhe ros:ults :T.s gi'ren
below: ... . . -

L . \ Figure
A. Initial stall patterns 5
. B _-:I:leva'bor 'bes'bsl a ehmE e e
D e B;f-' OQ RN e b0 Y
g .'_;_; S 300 . '_._ L s T 7

LT B T o h
Co Eleva:tor deflecticn required. to trin 8

1 i’-;ig'u:c':er_s 6(5,) a.pﬂ._ G(b) include separate “1a.d.d.er“ plote of the
pitching-noment coofficients.

-
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L DISCUSSICN ©

.. P 5, S
Tuft Studies

No gtall-worning dovices.-— With no sta.ll—wmng device on ‘the
wing the stall was very ebrupt » ‘both flsps up ‘and flaps down. The
initial stall oocntred over the large areas shown in figurs 5 and
then spread very ra@id,:[.y o¥er the rest of the wing. This observatim
was in egreoriont: yith' ‘the resp,lts &f tuft “studies on tho full-scale
oirplane (réforende I).

It was noted while making prelirirery tuft studies that in the
flaps-up configuration with no stoll-warning devico that the left wing
panel stalled about 2° earlier then the right penel. Except for
these first studies, tufte wére attached only on tho right wing.

Stell-warning devices nos. 1 end 2.. With either of the two

sta.ll~1fminé-devicoc§ e tadhsd:;’ o gradual end: dosifable stall
- 1=‘ogres»§ion*was évident “botth- flaps up-end - fle,ps &own In each cese,
© ‘the initial stallsocéurroed’ A% o 8lightly lower a.nglo of attock than

. for' the -carrespdénding: donfiguiration with ro- stnll—warning device. The
initial stall covered a relatively small area cg& Showir in figure 5,
and gra.dmlly sprea.d. forwo.xt a.nd out'bohrd. as ’cho angle of attack wos
--"increo.sed.‘ R L ’

Vi

e e e e e e -
R

Stall Warning
In the flaps-up configuration, campleote sets of elevator
teste were obtained for the clean Wing and for stc 1l-worning devicoe
No. 1. 'For-this: ‘conditidn, thén; & foifly coriplete’ anclysis of
the stall worning can be mnde. This will be discussed first. The
results of the tests in tho other configurction will then be dis-
cussed in ‘o somowhat d_'!.fforont vein.

- Flaps up, stall-werning device No, 1.- The tn:e of stall warnins
that can be expected 1z shown by the estimated elevator-to-trim curves
of figure 8 taken from the data of Pigure 6. The huffet region and
the points of corplete wing stall were estimated from the tuft studies.
For the clean wing, the lack of stall warning is evldent; as the stick
is pulled back, practicelly the entire wing suddenly stnlls with no
preliminery buffeting or marked increase in stick travel. This be-
havior was noted in the £light tests reported in reference 1.

With stall-warning device No. 1 insta.lﬁ.ed., g stall warning in the
form of buffet may be expected to occur at an up-elevator deflection
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of sbout 110. As the stick is pu,lled. ‘be.ck 'beyond 'hhis pcin'b » 1O
further speed reduction will result, bit the buffeting should become
more gevere as the result of a spreading root stall: It will de
noted that althéugh riniriun speed is roached. ab. the same point at
which buffeting begins, “the sirplene should rormain con.trolla'ble
with further beckward movement 'of: the B’cio‘c a.lnost tmtil full-up
elevator (27.5°)is reached;, since it 18 not until en up elevator
of 25° that the..entire wing stalls. ‘13115 a.c'bion should constitute
e satisfactory stall wa.rning. _ : : B

. It will be noted from the, gurves of figure 8 tha.t t.he elevator
is sufficlently powerful %o stall the airpianc'for the two cases
presented. An inspection ‘of ghe. data of, figwes & ond T shows -
that for all configurations tested., ﬂle airpl..ne may ‘be atalled
by use of the elevabor. L L. ‘ _

FRp

i-'I"_' - 'l-‘ o '—

Tine d.id. not. pe:mit mald.ng any conolete sets of eleva.tor tests
other then those just’ discussea.. Therefore the.results of the
romaindor of the togts ars” mm.lyzad. In.a: al;l.sht]g differen'b form.
(See table I.) Thé valués predéntod in-tebls I ave tho englos of .
attack for initial stall and maximmm 1ift, and the correaponding :
trim 11Pt% coefficients and ind.icated. airspeeds for a gross wolght
of 13,000 pounds. (The wing-ax¥d «f 'the airplsne is 260 sq £t.)
The angtes of attack for the initlal stall were deteymined fron the
tuft etudies. The other q1mtities were obtained from the force=-
test data of figures 6 &nd 7. - It fhould he-remerbored that the
prolivdnery tuft studies ‘showed a slight difforgnoe in stall a.ngle
" botween the loft and right v:Lug penels, so that ‘the ebsoluts values
of the qua.ntities in table I must ‘be regard.ed wlth ceutlon. .

MLRMMW “About the seme Pehavior
can 'be ‘expected os Lor device No.. 1, with perhapa an’ adéitional

advantege in’ the form of a slight sgeed. mrgin 'be-{:ween 'bhe firs-b
wariing and. thé’ o\.ﬂpleto stall, R T e _:. S

ERER HGY g

i
[

Flans down 3005 stall- ovice : Dy I—l; a.ppears
that for tho flaps-do¥n cases, no stell wa.rning in the form of -
buffeting or increased stick travel can be e:zq;ccteﬁ., sinte the: angles

. of. attack for initlal stall i Cr are practically equal. ' {The

T angles Tor in:.‘bial staJ_‘L weré Bo% BO - -elearly defined as: for.the -

flops up cases, so that thé tdbulated values arp given o8, &pproxins.te )
A8 the stick is pulled back to reech an angle of attack highor than
that for initiacl staell, the 1ift will therofore drop, instead of
romaining approxinetely constant as in the flaps-up cases. There sesns
to be a slight angls-of-atbeck margin for device No. 2, but the margin
is too smrll to allow sa.ying d.efinitoly that there will be any buffet
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- AXthough- the devices tegted apparen'hly will not provide a true
. buffet stall warning in ‘the Tlsps down configuration, they should
serve to improve the flaps~d0wn ‘stall chara:cteris'bioe. It should
firs*b be noted tha.t 'l:he a.ngiee of a:tta,ck for CI gi"ven 1n ta.ble I

for. By = 30 are _l e;t' ‘tha.n those a‘b whieh the en'bire wing was
stalled (for & = Q7 yitlestwo:sngles wers: the same);. A8 was

pointed ocut in t.he Aiscussisn oft the: fla.pspdown tufi‘. s’oud.iee, the
entire inboard half of the wing stalled &b.:Cri it ~when no:stall-

warning device was ,q.eesi. With. elther stall-warning devics, the
stalled por'bion a.% . Was mueh _smaller, §9. -bha.t the: stall would

be expected to be leee severe In particular, it a.n;y‘ elight asymmetry
existed in ‘the'airplehs ) caubing s téndeucy to roll off . at the stall,
the tendency to roll would be less violent with 'the stalliwatrhing
devices. Further, the stall progression wag seen to be much, more
gradual 'when ‘eithey stail-fwa.rning dovice wae Ysed; Bo that 1%t would
be expected ﬁha‘b 'better control would."be maintaﬁ.nea. é.fter ' Cp,. " is

reached. The effact ef the more grad.ual ptall pI‘Ggreesion 1g alsd
evidenced. in the ,eometwha.'b less rapid. drop-off:of  the 1ift curves-
beyond. O, e (fig.-. ) witp the _sta.ll wa.rning deﬁoes ati:a.ched.. .

P 7 SR -"J.-

L A deeira;ole etall-vm';ling_ device would 'be ‘ome -hhat performed
EAY f’unction with: no. dpgrease. iny 'CI"ma (and therefore no incresse

. in minimm speed) The values. of Ay . .and AV, .(ta'ble I) show

v A B S

that with the fls.;pe up ,- d.evi,cee Nos:. 1 ‘and 2’ *3{ncree.sed "the" mind iy
speed 10 and 8 miles per hour,-respectively.’ The’ spEllest mintim-
speed increage reported in reference L was ‘8 miled! por hcmrs ‘the '
largest was 35 miles per hour. It is thought that the wind-tunnel
results may be conservative by as much as 2 iiles per Hour?, If these
increments in minimm speed are considered too large, it may be
possible to decrease them by further cutting down the span of the'
warning device, realizing that too short a device may fall to give em
adequate stall warning.

The increeses in minimm speed for the flaps-down configuration
caused by the devices teeted. were of the order of 1l or 2 miles per
hour.
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CONCLUSIENS

. The following conclusions are bésed &n theé results of tests
of . two stall-warning devices on & l/5-scalé tiodel -of the Republic
XP-3% airplane in the Lengley 300i£E‘H Tr b,f l(L foat tuancl:

L. In the flaps-up con_f’iguration, e:u.ther warning device tested
apparently gave. a warning in the form of buffeting as  the stall
wes approached. The devices increased the minimum speed by 8 or 10
miles pexr hocur.. oSl T o e .

2. DNelther device secmed to provide a definite buffet warning
when the .flaps were deflected 309, Bub it. sppeared: that tho use of
eithor dovice would improve the flaps-dowdi stalling characteristics
by lessening the soverlity of the stall and by maintaining better
control st the stell.’ The minlmm speed increase caused by the
devices in the flaps-down configuration wes only 1 or 2 miles per
hour.

3. Noither.stall-warning-device decreascd.thne.elevator power ’
to such an oxtont as to previont stalX¥ing the alrplane in any of the
configurations tosted.
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TABLE I

INITIAL STALL AND MAXTMOM LIFT AS AFFECTED BY

STALL-WARNING IEVICES

Stall - a, V. AG AF
Sf, varning! Lift condition (dog} Cme (Groag’we ght I‘mcu ("::E,‘)’
(dog) dovice = 13,000 1b) .
Tnitial atall .0 1.13 132
Hone ) 12.0 1.13 132
0 No. 1 | Initial stall 1%.0 97 e ;
C- 13.0 .97 e 0.16 10
bmnx,
Fo. 2 | Initiel stall k4.0 .96 143 -0.13 3
C 13.0 1.00 140
“Z@E— e —— e
Initial stall | 1k (approx.)| 1.43 117
Nono o, 13.5 143 n7
X
30 Ho. 1 | Initdel etall|! 12 (approx.) 1.33 119 ~0.05 D
Oy 12.5 1.33 1g
‘No. 2 | Imitial stall| 12 (approx.) 1.38 119 -0.02 1
" - 13.5 1.4 13 ‘

NATIOTAL ADVISORY
COMALTTEE FOR ARRONAUTICS
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Relative wind

Relative wind

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 2.~ System of axes, Positive values of forces, moments,and angles
are indicated by arrows,
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alirplane mounted in the Langley 300-mph 7- by 10-foot

tunnel with turbulence net in place,
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Typical leading edge

Stall warning device *1 - dimensions  2.47x .0T5™ 025"
Stall warning device *2 - dimensions 127 Y 075 *.025”

' NATIONAL ADVISORY
| COMMITTEE FOR AEROMAUTICS

Flgure 4. - l&efw/s of the slall-warning devices ond  focation as  Tested on the
5 Scale mode/ of the Republc — AP-89 cirplone.
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Ho stall-warning
device, a = 18.0°

Gtall-warning device
no. 1, ¢ = 14.0°

Stall-warning device
no. 2, ¢ = 14.0°

(a)} §p = 0°

NACA RM No. L6J02

No stall-warnfng
device, a = 149 (approx.)

Stall~warnlng device
mo. 1, e« = 12° (approx.)

Stall-warning devlce
no. 2, « = 129 (approx.]

tb) ¢ = 30°

NATIONAL ADVISQRY
COMMITTEE FOR AERONAUTICS

Flgure .- Initlal stall patterns cbserved in tuft studles on the —%——

scale maodel of the Republic Xp-g4 alrplzne.
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