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By Warren A. Tucker and Paul Comisarow
SUMYARY

During the first flight tests of the Republic XP-8L4 airplane
it was discovered that there was a complete lack of stall warning.
A short series of development tests of a suitable stall-werning
device for the airvlenc was therefore made on a 1/5-scale model
in the Lengley 300 MPH 7- by 10-foot tunnel. Two similar stall-
warning devices, cach designed to produce early root stall which
would provide a buffet warning, were tested.

It appeared that oither device would give a satisfactory
buffet warning in the flaps-up configuration, at the cost of an
increase of 8 or 10 miles per hour in minimum speed. Although
neither device seemed to give a true buffet warning in the flaps-
down configuration, it appeared that either device would improve the
flaps-down stalling characteristics by lessening the severity of the
gtall and by meintaining better control at the stall. The flaps-
down minimum-specd increascc caused by the devices was only 1 or
2 miles per hour.

INTRODUCTION

The first flight tests of the Republic XP-8% no. 1 airplene
showed the stalling characteristics to be unsatiefactory (rcference 1).
The stall occurred, with no preliminery warning, in the form of a
roll-off to the left, accompanicd by a sudden droppning of the nose.

The roll-off was undesirable, but the principal objection of the pilot
vas that there was an absolute lack of stall warning.

[ Motion pictures of tufts atbached to the wing of the airplanc
showed that the left wing panel stalled vractically as a whole,
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thus accounting for both the roll-off snd the lack of warning. Had
the initial stall been confined to the region of the wing-fuselage
Juncture, the rolling tendency would heve been smaller, and e warning
might have been presgent in the form of buffeting. Scme exploratory
flight tests were made with gloves on the wing root leading edge

to induce early root stall. These edditions were successful in pro-
viding a stall warning, but caused unacceptable increases in minimum
gpeed.

Because of the stringent flight schedule occasioned by a
regtricted power-plant life, it was thought expedient to make
further tests in a wind tunnel. Accordingly, the Air Materiel Command,
Army Air Forces, requested that development tests of a suiteble stall -
warning device be made in the Lengley 300 MPH 7- by 10-foot tunnel.
These tests are reported in the present paper. In undertaking the
tests, 1t 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 chareacteristics.

Two gimilar stall-warning devices were tested. Each wes
attached to the wing leading edge at the root and was designed to
cause the initial stall to occur at the root, but one extended span-
wigse twice as fa# as the other. The spanwise lengths of the devices
were kept smaller than those reported in reference 1, since the
results of reference 1 (the lerge increases in minimum speed)
indicated that en inordinately large wing area was being affected by
the leading-edge gloves. An attempt was made, by correlating the
results of force tests and tuft stuvdies, to evaluate the performance
of the stall-warning devices as applied to the airplane.

COEFFICIENTS AND SYMBOLS

The results of the tests ars presented as stendard NACA
coefficients of forces and moments. Pitching-moment coefficients
are given about the center-of-gravity location shown in figure 1
(26.4%5 percent of the mean aerodynamic chord). The data are referred
to the stability axes, which are a system of axes having their origin
at the center of gravity and in which the Z-axis is in the plane of
symetry and perpendicular to the relative wind, the X-exis is in the
plene of symmetry and perpendicular to the Z-axis, and the Y-axis is
perpendicular to the plans of symmstry. The positive directions of
the stability exes, of angular displacements of the airplane and
control surfaces, and of forces and moments are shown in figure 2.
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The coefficionts and symbols are defined as Ffollows:

1ift coofficient (Lift/qS)
longitudinal-force cocfficicnt (X/¢S)
pitching-moment coefficient (M/qSe')

Nl i
forces along rospective axes, pounds

moment 2bout Y -axis, pound-foot

o2
freec-stream dynemic »nressurc, pounds por square foot (f;_*
: N2

cffective dyncmic prossure at tail, nounds per square foot
wing area (10.40 sq £t on model)

wing moan acrodynemic chord (M.i.C.) (1.48 £t on model)
free-stream air velocity, feet por socond

mass density of air, slug per cubic foot

angle of atback of fuselage referonce linc, degreecs

angle of stabilizer with respcct to fusclage reference
linec, degrees; nositive when troiling codge is down

olevator deflection with respect to stabilizer chord line,
degrees; positive when trailing cdge is down

slotted-flap deflection with respoct te undeflected position,
degrees

value of CL when Cm =0

maximmm valuwe of CLt
rim

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

The Republic XP-34 airplane is a single-place, single-jot,
low-midwing fighter, ond has been described in reference 2.

The l/5-scale model has also been described in reference 2.
For the present tests, the slotted flap was used, 28 was the
reviged horizontal tail, which was get at -1.00 for all tests.
The landing gear was retracted for all tests. All tests were
made with the model blower unit inoperative and with the duct
open. A three-view drawing of the modecl and & photograph of the
model in the tunnel are shown in figures 1 and 3, rospectively.

The two stall-worning devices tosted on the model arc shown
in figure 4. The data of reforences 3 ond 4 were used as a basis
for the design of the warning devices. It 1s thought that the
high-specd performance of the airplane should be little affected
by the devices, since in this flight condition the devices should
be very near the stognation point.

To increase the effective Reyn lds nuniver for o given tunnel
speed., a turbulence net was uswﬂ ( net moay be seen in fig. 3).
The turbulence nct wos a stondsyd T sh net_nade of 3/16—inch
diametor cotton twine with a squarc mesh lﬁvinchos on a side, and
was located in the tunnel 97 inches upstreen of the center line of
the balance frame.

TESTS
Test Conditions

The tunnel dyncric pressurce was held at 40.03 pounds per
square foot for all tests. Based on the model wing mean aerodynamic
chord of 1.48 foct, this corres)onds o = Roynolds mbor
Y23 3 106, Through sphere pressure-measurcnent tests wfter the
mnecthod of reference 5, the turbule*lcn factor with the net in plac
wos found to be 2.24, so thzt the effective Reynolds number of tho
tests was 3.03 X 109, (The Reynolds number of the full sczle
airplanc at maxirmm 1ift is gbout 7 X 106, flaps down, 9 X 105,
flaps up.)

Corrcctions
No corrections for tares czused by the model support system
have been applicd to the data. Jet-boundory corrections have been
applied to the angles of atteck, the longitudinal force coefficioents,
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and the pitching-moment coefficients. The following corrections,
obtained from refercnce 6, wore odded to thu test dates -

Ao = 1.00 Cf,

ACy = -0.0175 Cr°

0.216 é
AC. = -8.05C | ~=——=—= - 0.166
£1 5CL \/qv q Kai’b

where Aax 1s in degreos.
Test Procedure

Tuft stuuios of the right wing werc made flops up, and flaps
down 300, with the nodel in the clean condition (no gtall-warning
devico) and with both stall-warning devices. The behavior of the

tufts, besides being observed visually, was alsc recorded with a
notion-picture cancra.

For the same configurations noted =bove, tests through the

angle-of -attack range were mede with various clevator deflections,
and the force data were recorded.

PRESENTATION OF RESULTS

An outline of the figures presenting the rosults is givon
below:

Figure
A. Initlal stall patterns 5
B. TFlevator testsl
8f=OC' 6
= 30°
Op 1
C. Elevator deflection required to trin 8

1 Figures 6(a) =nd 6(b) include sepnrate "ladder" plots of the
pitching-noment coefficients.
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DISCUSSION

Tuft Studies

2ll-worni i — With no stall-warning device on the
wing the stall was very ab:upt both flaps up and floaps down. The
initial stall occurrcd over the large areas shown in figure 5 and
then spread very rapidly over the rest of the wing. This observatim
was in agreement with the results of tuft studies on the full-scale
airplence (reference 1).

It was noted while making preliminary tuft studics that in the
flaps-up configuration with no stall-warning devicoe that the left wing
panel stalled cbout 2° earlier then the right panel. Excopt for
these first studies, tufts were atteched 'only on the right wing.

Stall-warning devices nos. 1 and 2. With cither of the two
stall-warning devices attached, a gradual end desirable stoll
progression was evident, both flaps up and flops down. In each case,
the initial stall occurred ot o slightly lower angle of attack than
for the corresponding configurction with no stall-worning device. The
initial stall covered 2 relatively small area 28 shown in figure 5,
and gradually sproad forward ond outbooard as tho angle of attack was
increased.

Stall Warning

In the flaps-up configuration, commlote sets of clevator
tests were obtoined for the clean wing and for stoll-worning device
No. 1. For this condition, then, a fairly cormlete analysis of
the stall warning con be made. This will be discussed first. The
results of the tests in tho other configuration will then be dis-
cussed in a sonevhat different vein.

Flaps up, stoll-werning device No. 1.~ The type of stall warning

thet can be expected is shown by the estimated elevator-to-trim curves
of figure 8 taken from the date of figure 6. The buffet region and
the points of complete wing stall were estimated from the tuft studies.
For the clean wing, the lack of stall warning is evident; as the stick
is pulled back, practically the entire wing suddenly stalls with no
proliminary buffeting or morked increese in stick travel. This be-
havior was noted in the flight tests reported in reference 1.

With stall-warning device No. 1 installed, & stall warning in the
form of buffet may be sxpected to occur at an up-elevator deflection
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of ebout 11°. Ag the stick is pulled beck beyond this point, no
further speed reduction will rosult, but the buffeting should becone
more gsevere as the result of a spreading root stall. It will be
noted that although minirmm speed is rcached at the same peint at
which buffeting begins, tho airplanc should remain controllable
with further backward movement of the stick almost until full-up
elevator (27.5°) is reached, since it is not until an up elevator

of 25° thet the entire wing stalls. This cction should constitute
a satisfagtory stall warning.

It will be noted from the curves of figure 8 thot the elevator
is sufficiently powerful to stall the airplane for the two cases
presented. An inspection of the data of figurcs 6 ond T shows
that for all configurations tected, the cirplanc may be stalled
by use of the elevator. ;

Time did not permit moking any cormlcte sets of olevator tests
other then those just discusscd. Thercfore the resultis of the
remainder of the tests arec anclyzed in o slightly different form.
(See table I.) The values presonted in teble I are tho angles of
attack for initial stall ond mexinunm 1ift, and the corresponding
trim 1ift coefficients and indicated airspeeds for a gross weight
of 13,000 pounds. (The wing orec -f the 2irplane is 260 sq ft.)
The angles of attack for the initial stall wore determined from the
tuft studies. The other quantities were obtained from the force-
test data of figures 6 and 7. It should be rerorbored that the
prelininery tuft studies showed a slight difforence in stall angle
between the left end right wing panels, so that the ebsolute values
of the quantitics in table I rmst be regarded with caution.

Flaps up, stell-warning device No. 2.~ About the same behevior
can be expectod as for device No. 1, with perhaps an additional
advantage in the form of a slight specd morgin between the first
warning and the ccmpletec stall.

Flaops down 30°, stall-woarning devices Nos. 1 and 2.- It appears
that for the flaps-down cases, no stall warning in the form of
buffeting or increased stick travel can be expocctod, since the angles
of attack for initial stall and Cr, are prectically equal. (The

lab'd

WA

angles for initial stall were not so clearly dofined as for the

flaps up cases, so that tho tabulated values are given as approximate.)
As the stick is pulled back to reach an angle of attack higher thon
that for initial stall, the 1ift will therefore drop, instead of
rernining approximately constont as in the flaps-up cases. There seens
to bo a slight angle-of-attack nmargin for device No. 2, but the margin
is too smell %o allow saying definitely that there will be any buffet
warning.
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Although the devices tested apparently will not provide a true
buffet stall warning in the flaps down configuration, they should
serve to improve the flaps-down stall characteristics. It should
first be noted that the angles of attack for Cq " given in table I

for &f = 30O are lower than those at which the entire wing was
stalled (for B8 = 0°, the two angles were the same). As wes
pointed out in the discussion of the flape-down tuft studies, the
entire inboard half of the wing stalled at CLmax when no stall-

warning device was used. With either stall-warning device, the
stalled portion at CI was much smaller, so that the stall would
X

be expected to be less severe. In particular, if any slight asymmetry
existed in the airplane, causing & tendency to roll off at the stall,
the tendency to roll would be less violent with the stall-warning
devices. Further, the stall progression was seen to be much more
gradual when either stall-warning device was used, so that it would

be expected that better control would be maintained after CIN is
max

reached. The effect of the more gradval stall progression is also
evidenced in the somewhat less rapid drop-off of the 1lift curves
beyond CLm (fig. 7) with the stall-warning devices attached.

1aX

Minimum Spsed

A desirable stall-warning device would be one that performed
its function with no decrease in C (and therefore no increase
Loax

in minimm spesd). The values of ACLmax and AV .~ (table I) show

thet with the flaps up, devices Nos. 1 and 2 increased the minimum
speed 10 and 8 miles per hour, respectively. The smallest minimm-
speed increase reported in reference 1 was 8 miles per hour; the
largest was 35 miles per hour. It is thought that the wind-tunncl
results may be conservative by as much as 2 miles per hour. If these
increments in minirmm 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 fail to give an
adequate stall warning.

The increases in minimum speed for the flaps~down configuration

caused by the devices tested were of the order of 1 or 2 niles per
hour.
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CONCLUSTONS

The following conclusions are based on the results of tests
of two stall-warning devices on 2 1/5-scele model of the Republic
XP-54 airplane in the Langley 300MPE 7- by 10-foot trnncl:

Y. In the flaps-up confisurstion, either warning device tested
apparently gave a warning in the form of buffoting as the stall
wes approached. The devices increascd the minimum spesd by 8 or 10
miles per hour.

2. Neithor device secmed to provide a definite buffet warning
when the. flaps were deflected 309, but it eppeared that the use of
either dovice would improve the flaps-down stalling characteristics
by lesscning the scverity of the stall and by maintaining better
control at the stall. The minimm speed increasec cauvsed by the
devices in the flaps-down configursation was only 1 or 2 miles per
hour.

. Neither stall-werning device decrcescd the elevator power
3 3 Y

to such an oxtent as to prevent stalling the airplane in any of the
configurations tested.

Langley Memorial Aeronautical Lahoratory,
Nzational Advisory Committee for Acronautics,
Langley Ficld, Va.
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TABIE T

INITTAL STALL AND MAXIMUM LIFT AS AFFECTED BY

STALL-WARNING DEVICES

Stall o C Viis NC FAVR
S, | warning) Lift condition (dez) Lorin (G-ros?.:, ,‘ffgggﬁlt Loesx Jn,n_’
(dez) device - 13,000 1p ) | (mgph)
‘ Initial stall 15.0 113 132
None Clqm;g 13.0 1.13 0
0 |No.l | Initiel stall 140 -97 Lha 0.16 | 10
Cq 18 .0 .97 142
. w1133
No. 2 | Initial etell 1%.0 .96 143 -0.13 ;
C 13.0 1.00 140
Loy
Initial stall | 14 (aporox.)| 1.43 307
None o e 1.4 3 17
I, 13.5 3 1
Taax
30 No. 1 Ini t:éa.l stall | 12 (u.})p.:gox. N 1.33 119 -0.05 o
Triey L2505 1.3 119
:No. 2 Init'éa.l stall | 12 (aplnlj'o::. 1 1.38 119 ey .
Imax 13.5 1.41 113 1
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All dimensions 117 1nches.
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Wing twist, center line 7o Fip

2" waspout

67 3/

88.51

19.90

Sym.
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Figure 1.~ The -i--acale model of the Republic XP-84 airplane with the
5 revised horizontal tail.

Landing angle, 11°27
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Relative wind

Relative wind
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Figure 2.- System of axes. Positive values of forces, moments,and angles
are indicated by arrows.
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.025 —-|

Typical leading edge

Stall warning device *1 - dimensions  29°% 075 % 025
Stall warning device *2 - dimensions 12" * 075" x.,025"
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Filgure 4.- ?efa//.s of the slall-warning devices ond Jocation as Tested on Ihe
5 Scale mode/ of the  Republic — XP-89 airplore.
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No stall-warning

device iz arso No stall-warning

device, a = 14° (approx.)

Stall-warning device

no. 1 = 14.0° Stall-warning device
T BNE - A .

no. 1, a = 12° (approx.)

Stall-warning device
no. 2, a < 14.0

Stall-warning device
no. 2, a = 12° (approx.)

(a) 8¢ = 0° (b) 8¢ = 30°

NATIONAL ADVISORY
CONFIDENTIAL COMMITTEE FoR AERONAUTICS

Figure 5.- Initial stall pattérns observed in tuft studies on the -%—-
scale model of the Republic XP-g4 airplane.
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