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THE HIGH-SPEED CHARACTERISTICS OF SEVERAL
FLAPS AND SPOILERS ON THE UPPER SURFACE
OF THE HORIZONTAL STABILIZER OF A
MODEL OF A RADIAL-ENGINE
PURSUIT AIRPLANE

By Lee E. Boddy

SUMITARY

An investigation was made in the Ames 1l6-foot high—
speed wind tunnel of several types and sizes of flaps and
spoilers located imrediately forvard of the elevators on
the upper surface of the horizontel stabilizer of a model of
a radial-enginre pursuit airplane. The elevator character-
istics, the elevator-fixed and elevator-free balance 1lift
coefficient, and the trim drag coeffilcient of the model are
given through a Mach number range of 0.20 to 0.&15 for all
the flaps and spoilers tested. In additicn, the effect of
the largest flap on the maneuver forces, the stick-fixed
and stick-free neutrzl point, and the chordwlse pressure
distribution on the horizontal tail at a station through the
flay are given.

Throughout the Mach number renge of the tests, except
for smell deflections, the flaps and spoilers produced a
download on the tail and caused the elevators to float more
negetively, thus increasing the Strim 1ift coefficient. A
reversal of the trim 1ift ccoefficieat existed for small flap
deflcctions and was caused largcly by the fact that the
elevators tcnded to float more positively until the flaps were
extended above the critical height. Any of the devices
having a projectcd area normal to the stabilizer surface of
about 2 perccnt of the horizontal-tail area should provide
satisfactory recovery of thc airplane from a dive at 0.815
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Hach nuasber. However, the acceleration availeble decreased
rapidly with increased Mach nurber sbove the Mach number at
which the pitching-moment characteristics of the model
diverged. Although the flaps and spoilers were suitable as

a dive-recovery device, the reversal of their effectiveness
with small deflections and their detrimental effect unon the
stick—-free stability of the model rendered them unsatisfactory
as a longitudinal trim device.

INTRODUCTION

The pitching-moment chareccteristics of a conventional
airplane traveling at speeds approaching those of sound differ
widely from the characteristics at lower speeds. The most
important effects of high speed, from the standpoint of
starility and control, are a decrezse ol the slope of the
1iTt curve of the airplane, a subsecuent increase of the
static longitudinal stability, and & shift of the longitudinal
trim. Most current compat airplarnes employing relatively
high wing loadings encounter this divergence of character—
istics in high-speed dives, the usuel result being that the
plliot experiences difficulty in makiung the recovery from the
dive. It hes been necessary, therefore, to egulnp many
airplenes with some sort of auxiliary control device.

Up to the present time, the most wnopular method of
goining additional longitudinal control has been the use of
dive—recovery flaps on the lower surface of the wing. (The
results of tests of the readial-enzgince oursult airplane model
eculpped with this type of flep are reported in reference 1.)
It is possible, howcver, to control the trim of an airplane by
means of any device which will vary the load on the horizontal
tall — provided, of course, theat the wing retains its ability
to develop the necessary 1ift.

In a progream of low-specd tests dirccted toward the
development of & lsasteral--control device suitable for use
with full-span flape (reference 2), &nd during an investi-
gation alzed atv the improvement of the lateral-contrcl
characteristics of high-speed aircrsit (reference 3), the
1IACA tested several arrangements of spoller and spoiler—
cileron combinoations. The results of these tests indicated
the possiblility of =pplying spollers to the horizontal tail
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of an airplane to gein sufficient longitudinal control in
high-speed flight. The present investigation was undertaken,
at the rcquest of the Air Technical Service Command, U.S.
Army Air Forces, in order to ascertein the suiltability of
stch an arrangement.

The model of this radial-engine pursuit airplane was
chosen for the tests because it was already available, and
because the U.S. Army Air Forces had initiated flight tests of
an ailrplane fitted with auxiliazry flaps on the horizontal
stabilizer.

MODEL AND APPARATUS

Throughout the tests of the flcps and spoilers, the
standard configuration of the model (fig. 1) conformed to
that of the radial-engine pursuit airplane with the propellcr
removed. The wing, fuselege, horizontal stabilizer, and
vertical fin were built up of stcel spars covered with
mahogany,; the elcvators and rudder werc cast aluminum alloy;
and the engine cowl wes formcd from shcet aluminum. In order
to devcrmine the nature of the air flow ahcad of and behind
the flaps, a band of pressure orilfices was buillt into the
horizontsl tail at 'e etctbion 10.00 inches from the center
line of the model. The elevator deflcection was controlled
remotcly throuh a unit wnich incornorated an electric motor
for power, ¢n c¢lectric strzin gage to measure the elevetor
hinge wmoment, and a selsyn motor to indicete the elevator
deflcetion.

The pcertinent model dimensions wcre as follows:

Wing
Aree, sCc Tt . . . .« + « « v v 4« 4 v W« v . . . 27.000
Span, Tt. . « .+ .+ . . o 0 0 v e v e o . . . .. 12.23%3
licen aerodynamic chord, ft. . . . . . . . . . . 2.187
Section . . . . . . . modified JACA 230-series section

Thickness at root, percent chord . . . . . . . 15.0




Incidence at root relative to fuselage
reference line, deg . . . . . . . . . . . . . . 1.00

Incidence at tip relative to fuselage
refersnce line, deg . . . . . . . . . . . . . . =2.96

Forizontail tail

Arca, sg £t . . « v « v« . v 4 i e e e e e e e koS

Span, THt. « « v v v L e L e e e e e e e e e e .. kg
Length (center of gravity to elevator

hinge line), Y 4
Thickncss, pcercent chord. o & o o o v v o o . . S.0

Incideuce releatlve to Tusclage refcirence
linc, QCE « « « v v v v 4 v e e e e e e e e 2.5

Elevators (two)
Area forwvard of the hinge linc, sg ft . . . . . . O.40b4
Arce aft of the hinge line, sa £t . . . . . . . . 1.614

Sven (twice the hingo-line svncn of onc
elevator), £T . « +« v © v v o« e v o . . o . .. lL.m36

Mecrn-square chord aft of the hinge line, sq £t . 0.1369

The eleveators on this airplanc modcel arc of the blunt-nose
tywe, incornorcting an oversge serodvnamic balence (ratio of
the orce forwerd of the hinge line to thet =2ft of the hinge
line) of avproximeticly 25 percent, cnd on aversge nose gap with
the elevetors neutrel of about 1.7 pcrcent of the horizontal
tail chord. The basic c¢irfoil shape of the horizontal tail
wes similer to the wACs CCCJ excco»t chri the lecding-cdge
redius wes considerscly doccrossed and the section forward of
the Z5-ocrcent-chord point was corrcepondingly thirner.

11 the flepe end spoilers, locsticas on the model and
ions of wnich &re given in figurc 2, wcrc loccted so that
reiling edge of the undefl uod su*fﬂco would coincide with
nter linec of the rcer stebilizer speir of the airplene.
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The flaps were rectangular in plan form, and are designated
in this report by the chord and span of a single flap and
its angular deflection from the surface of the stabilizer.
The flaps representing deflections of a 7. 5 and 15° werc
hardwood wedges screwed to the stﬁolllzer spgr, those
representing deflections of 30 59, and 60° were
1/16~inch steel plate held to the spar by brackets on the
under81de of the flap. Two modifications were tested in
addition to the standard eplit—type flaps: (1) a flap having
one—third of its area removed from the leading edge so that
a gap was formed as the flap was deflected, and (2) a flap
placed as though hinged at its trailin edge Detqils of
these two flaps are shown in figurcs E%b) and 2(
respectively.

The spoilers were projected normal to the stabilizer
surface snd were of two types: (1) those having a
projection at cvery point along the span of approximetely
a constant percent of the local tail-plane chord, and (2)
those tapering from 2 maximum projcciion at the inboard
end to zero projcecction at the outboard end. The former
ere referred to as constent-percent—chord spoilers and
their projection is given in percent of the locel tail-
plane chord; the latter are referrcd to as Tapered spollers
and their projection is given in pcreent of the tail-
planc chord ot the inboard end of the spoilers.

Support for the model in the wind-tunncl test section
fig. 3) wes provided by two S5-perccnt—thick unshiclded
struts connected to the wing 40 iachcs elther side of the
center line of the model, and a single 7-percent-thick
unshielded strut connected to the aftcr part of the fuselage.
Angle—of—attack control wes obtaincd by vertical movement of
tht rear strut.

SY¥BOLS
The symbols used in this report are defined as follows:

Vv free—stream velocity, fcct per second

/ v

I frec—strcam Mach number & — o
speed of.sound
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It.A.C.

be

Cez

W

Cp

Cme, g

ACmg | g.
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free—-strecam mass density, slugs ner cubic foot

freec~stream dynamic pressure (%pVe), pounds per
squares foot

static pressure in test section, pounds per square
foot

local static pressure on the surface, pounds per
sqguerc foot

wing area, square feet
horizontal-tail area, squocre fect

projected arceca of flap normal to the stabilizer
surface, square Tcct

mean ecrodynamic chord of the wing, fect
elevator spven, fect

mean-—-scguare chord of the elev:tor aft of the hinge
line, sauarec feet

gross woight of eirvplane, pounds

1lift coefricient (1ift>
\ C,C'

-

8

drag.coefficient (drgg)
N gl

pltchlng—moment coefficicnt about the center of
gravity  pitching monent\
{
N gS M.a.C

N =

incrcase of piltching-moment cocfficicnt avout the

it

center of gravity

/ .
elevetor hinge—moment coefficicnt ( Binge moment
h g bg Ce?

prcseurce cocfficient /p - Po \
v a
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Py pressure coefflcient on the upper surface
P1, pressure coefficient on the lower surface
Porp critical pressure coefficient (B at which the local

speed eouals the local spced of sound)

o angle of attack of the fuselage reference line,
degrees
oy angle. between the Tuselage reference line and the

tunnel center line, degrees

Se clcevator deflection relotive to the horizontal-
tail-chord plane (positive with the trailing
cdge down), degrccs

B8e incrcasc of elevator floating angle due to Flap
ceflection, degrees

8¢ Tlap deflection relative to the surface of the
stabilizer, degrces

8¢ clevstor tab deflcetioa (positive with the trailing
cdge down), degrees
REDUCTIOY OF D.ATA

The rcsults of the tests hrve been correctced for tunncl-—
wall cffects by adding the follouing:

ba (deg) = 1.052 CL
ACD = 0.018l4 Cg,?
50y = 0.,0189 C;, (tail on)

In sddition, tarc corrections duc to the support struts
have bcen applicd to the dreg, pitching moment, and angle of
attack. The tare forces and ncmcnts were obtained from tests
with the struts in place, but with the model rcmoved from the
tunnel, while the angle-of-attock corrcction wes obtained
from upright and inverted tests of & model similer in size and
plen form to this model. Becruse of the complicated structure
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ano rigping involved, no attempt was made to account for the
mutual interference between the model and the support struts.
For the same reason, the inclination of the air stream at the
horizconcal-tall plane duc to the support system was not
cvaluated but was assumed to e the same at the tail as at
ohe wing,

The average Mach number throughouft the space in the test
ection normally occupled by the wing was measured, with the
truts In place and model removed, by means of a multiple-
bocom static-~pressure survey wirg. (Sec reference li,)  mhis
callbration wos then corrccted for the constriction effects of
the model in & manner similar to that described in reference li,
using the dimensions and cquations given in the appendix,

The dynamic pressurc was compubted from the corrected Mach
number and the knowi total »ressure in the test section.

S
S

No attepl was mede to account for the difference of the
Macli nuaber and dynawic mrcssure at the talil plane from that
at the wing. Due to the arrangement of tle support system and
tr.e medel comnonents, both the local velocity with the model
removed and the effect of the model constriction were undoubt-
edly less in the region of the toil than they were near the
wing, with the result that the tail probably was onerating in
a slower region of cair than inaicated.

All the data were reduced to dimensionlcess coefflcients,
the pitching-moment coefficionts being rcefcrred to o centcr-
grevity location which was 1,650 inches below the fusclage
crence line and dircctly above the 27.5-percent noint of

A
Lletla

Py

-3

I
O 1
[@N6)

[ O
5O

DISCUSSICN
Characteoristics of the Standard Model

The threc-componenb 2cerodiynamic characteristics of the
radial-engine pursuit airplanc model are shown in figurcs [
to 8, inclusive. For lach numbers from 0.2C to 0.815, no
imnortant change of angle of attaclt for zcero 1ift was dstected,
and the increase of the tail-off lift-curve slope from 0,000
per degreec at a lMach number of 0,20 to 0.97 per degrce at a
I'ach number of 0.69 was only abcut 60 porcent of that
predicted fron Glauert's theorctical factor (1V’1_M3). Since
tre terim and the stavic longitudinal stability depend upon
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the angle of attack for zero 1lift and the lift-curve slope,
1t is desirable that changes of thesc two factors be as small
as possible, o

For small values of the 1lift coefficlent, the drag
ccefficient of the model increased rapidly with Mach number
above a Mach number of asbout 0.75. If inertia forccs and
propeller thrust are neglected (so that in a vertical dive
the drag of the sirplane is equal to and opooses the weight),
the results indicate a maximum attainable Mach number at
10,000 fect altitude of 0.825 for a wing loading of 45 pounds
per squarc foot. (See fig. 6.) At an altitude of 20,000 feet,
the maximum prediected Mach nuiber is about 0.84. Figures 7,
&, and 9 show that this is considerably above the dMach number
at which the pitching-moment charactcristics diverge from
those at low speed.

Above & lach number of about 0.75 and a 1ift coefficient
of 0.2, or above a Mach number of about 0.6% and a 1lifst
coefficient of 0.6, the r=te of change of pitching-moment
coefficicnt with Mech number became highly negative. Similarly,
the rate of chonge of pitching-romeant coefficient with 1ift
coefficient (static longitudinal stability) suddenly increased
to three or four times the low—-specd value. At these Mach
numbers and 1ift coefficients, then, a slight increase of
specd would csuse the airplane to tend to nose down, which in
turn would result in a further increase of spced, the instab-
ility progressing until the airplanc finally trimmed in a
neerly vertical divc. The conditicn is further aggravated by
the fect that the large increasc o the stetic longitudinal
stability greatly reduces the ability of the elevators to
control the airplane.

It is significant that one-third to one-half the total
divergence of the pitching-moment choaracteristics was prescnt
with the tail removed, indicating that the wing-fuselage
combination contributes directly a lerge proportion of the
adverse effects.

The elevasor charascteristics of the airplane model are
given for three different elevctor—-tab angles in figures
10, 11, and 12. At low values of the 1ift coefficient and
for moderate clecvator deflections, the elevator effective-
ness (0Cy/08g)c;, was independent of Mach number up to a
Mach number of 0.815, the maxinmum obtained with the complete
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nodel. However, the rate of change of hinge-morment coef-
ficient with 1ift coefficient changed fron a small negative
value at low Mach numbers to a small positive value at high
Mach numbers. No radical change of elevator characteristics
was apparent which might appreciably alter the dilvergence of
the pitching-noment characteristics detected in the results
of the elevator-fixed tests.

Characteristics of the Flaps and Spoilers

Cormparison of the various flaps and spoilers.-~ The
pitching-moment characteristics of this pursuit airplane
model fitted with various flaps and spoilers are shown in
figures 13 to 32 in the form of plots of pitching-moment
coefficient and elevator hinge-moment coefficient as a
function of elevator angle. A brief rd&sum€ of the increments
of pitching-moment cocefficient and elevator Tfloating angle
due to the flaps and spoilers is given in figure 33. Fig-
ures 34 to 37 are plots showing the 1ift coefficient for
balance (Cp = 0) and the trim 1ift coefficient (balance with
elevators free, or Cp = O, Opg = 0) of the model ‘as a function
of the deflection of thc flaps and spoilcers.

With the elevators fixed, except for small deflections
at low speed, all the flaps and spollers produced a download
on the tail which was approximately proportional to their
projected area normal to the stavilizer surface. Furthernmore,
the elevator hinge—-moment characteristics indicate that,
except for s.1all deflections, the flaps and spoilcers caused
the elevators to float uore negatively, rcsulting ir an
adéitional favorable effect. The tendency of the elevators
to floatv more positively with small flap deflectlons is
examined in detail in the section concerning the pressure
distribution on the horizontel tail,

The fzired curves of figure 3%, olthough derived from too
few points to be considered entirely cccurate, indicete the
effectiveness of the varicus flaps and spolilers in producing
a downloed on thc teil and in decreasing the elevator floating
angle. The so0lid curves were obtained from tests of all the
flaps and spoilcrs having average projccted hecights of
approximately 2 percent of the horizontol-taill chord, the
projected area then being a function of the span of the device.
Data for the dashed curves and dotted curves were obtained from
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tests of the 12-inch-span flaps so that the projected area
was detérmined by the deflection of the flaps. Since the
solid curves include no data from tests with small flap
deflections, the characteristic reversal 1s not shown.

The power of the flaps to produce a download on the
tail increased with Mach number up to a value of 0.8l5, and
the maximum change of elevator floating angle was about
25 percent less at a Mach number of 0.815 than it was at
low specd. Nevertheless, above the 1ift coefficient and
Mach number at which the pitching-moment characteristics of
the standard model diverged widely (fig. 9) the power of
the flaps and spoilers to balance the model was greatly
reduced. For example, at a Mach number of 0.60, a kro
deflection of the 1.2- by 1l2-inch flaps trimmed the modcl
at a 1ift coefficient of about 0.82; at a Mach number of
0.815 the trim 1lift coefficient was only 0.39. Similarly,
only 1.8° travel of the elevators wes rcouired at low
speed in order to incresse the balance 1lift coefficicnt
of the standard model from 0.00 to 0.30; whercas 8.0°
travel was requircd at a Mach number of 0.815. This
incresse is duc almost entirelr to the increcsed static
longitudinal stability of the model at high speed, and
demonstrates clesrly the need for additional control.

The results of tests of the modified flaps are shown
in figure 34 as single points, since ccch modification was
tested with only one deflection. Hinging the flap at its
tralling edge had very little effect upon its character-
istics, &t least for the deflectilon tecsted. The 33-percent
gap, however, rcduccd the clevator-fixed effectiveness
slightly, and diminished the effcct on the clcvator floating
anglc about 50 to 60 perccnt, the over—-all effect of the
gap being to reduce the trim lift cocfficilent by about 0.06
at all lMach numbers from 0.60 to 0.815. The gap, although
detrimentel to the effectiveness of a device of this type,
may alleviate the violent turbulence in the flap wake so as
to be desirable for reducing tail buffeting. Unfortunately,
the mass and rigidity of the model prevented observations
concerning teil buffeting during the present tests.,

Compared on a basis of the projected area of the dcvice
normal to the stabilizer surfeocc, the 0.6— by l2-inch fleps
and the l2-inch—-spsn, constant-percent-chord spoilers were
slightly morc cffective than the remainder of the flaps and
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spoilers tested. It appears then, that portions of the device
ncar the tip of the horizoantal tail wcre not cquite as effec-
tivc as those portions nearer the center of the semispan, and
that the large-chord flaps with moderate deflections were
slightly less powerful than spoilers or the small-chord flaps
with compensatingly larger deflections. The latter effect

may be due to the fact that the spoilers and small-chord flaps
prcsented a sharper discontinuity of the surface for a given
projected area, rcsulting in less tendency of the air flow to
return to the surface aft of the device. For all practical
purposes, however, all the devices tested were so effective
that in most cases structural considerations would be of more
cgﬁsequence than the aerodynamic advantages of one or the
other.

Trim drag coefficlent.— The drag coefficlents due to
the flaps and spollers may be obtained from figures 3& and
39. 1In order to provide a fair means of comparison, the drag
coefficient of thne model was determined for eech deflection
of the various trim devices and was plotted against the 1ift
cocfficient at which that deflection would trim the model.
In other words, each pcint on figure 3¢ represents the drag
coefficient with the model trimmed. This was done for the
tabs as well as for the flaps and spoilers. The dashed
curves represent the drag coefficient with the model balanced
by the clevators but with all other trim devices undeflected.
For moderate 1ift cocfficicnts, the incrcment of drag coef-—
ficient due to trimming the nocdel with the flaps or spoilers
was about 0.0030. The drag due to the teb was of course
zero necr zero 1ift, but was about one-half that of the flaps
and spoilers at moderate 1lift coefficients.

If the reversal of the elevator-Ifrcc charactcristics
of the flaps and spoilcrs were elininated, the drag coef-
ficient for trim would be recduced considcrably, since small
deflections of the devices would then: yicld a positive
increment of trim 1ift coefficient.

Chordwisc pressurc distribution on tail.—- The chordwise
pressurc distribution on the horizoatal tail is given in
figure 40 for several deflections of the 1.2- by l2-inch
fleps. Due to the similarity of the prcssurec distribution
with all the devices tested, results ore presented herein
for this flap only.
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Up to a Mach number of 0.815, the precssurc induccd by
the flaps was positive on the uppcr surface shead of the
flap and slightly negative on the lower surface. Aft of
the flap the flow appeared to bc separated. For smnall flap
deflections, howecver, the pressures aft of the flap tended
to recover, indicating that the flow was returning to the
surfece after it had once been sepnarated. The chordwise
point on the surface to which the flow eppeared to return
moved aft as the flap angle was increesed,

The cection load on the horizontal tell arising fron the
pressures induced by the flaps is given by the arrows in
Tigure 41. The fact that the download induced ahcad of
the flaps is partinlly canceled by the upload induced aft
of the flaps indic:ztes the desirability of locating the
device as fer aft as possible. However, a practical
limit to this procedure is reasched if the flow tends to -
separate froxm the after part of Tthe airfoil with the
device undeflected, such as is oftcn eacountered at high
Mach nuubers. .

An exeminetion of the load distribution on the elevator
offers an explznation of the reversal of the elevator float-
ing anglc with smnll flap deflections. It appeears that with
small deflections, the flow is scparatcd for only a small
distance aft of the flap, resulting in a large upload on the
balance portion of the clevator and very little effect on
the portion aft of the elcvator hingc line. For small flap
deflcctions, then, the tendency is Tor the elcvators to
floct poeitively., As the flaps arc deflected farther,
the portion of the elevators aft of the hinge line also comes
under the influence of the induced upload, and the elevators
float more negatively. This reasoning sugeests the possi-
bility of elirminsting the revcrsal of the elevator floating
engle by incorporating an elevator without nose balance
with the flaps in the prcsent loc=tion, or by locating the
flaps at the elcvetor kinge line if a nose palance is used.
With the latter arrangenent, the nosc balance would be under
the influence of the download inducecd ahcad of the flgps,
and the surface aft of thc elcvctor hinge line would be
under the influence of the uplosd induced aft of the Tlap,
both effects causing & tendency of the eclevators to float
negotively. Such an crrangement should be corsiderably
mone cffective than either the present one or one incor-
porating en elevator without nose balance.
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Application of the Flaps to the Airplane

Dive~recovery device.~ The control forces for the air—
plane were computed from the model test results for several
deflections of the 1l.2- by l2-inch flaps (model size), and
are presented in figure 42 for three different Mach numbers
at sea level. In figure 43 the control forces are glven for
three different altitudes at a Mach number of 0.815. The
velues given ere for a wing loading of U5 pounds per souare
foot and a center—of-gravity location &t 27.5 percent of the
M.A.C. Since it is realized that the elevator tabs might be
relatively ineffective at high Mach numbecrs, especially with
the flaps deflected, the control forces were computed only
for a tab angle of zero.

The results indicatc that at least up to & Mach number
of 0.815 the flaps were sufficiently powerful to provide
satisfactory recovery from a dive, o 30° deflection resulting
in a 5.2g pull-up at 10,000 feet altitude or a 3.7g pull-up
at 20,000 feet altitude. It appears that o smaller chord
flap could be used with compensatingly larger deflections.
However, 1in view of the decreased power of the flaps above
the Mach number of divergence, it is considered wise to
retain a feirly large margin of control, since no data were
obtained at Mach numbers egual to tThe naximum obteinable in
a vertical dive (sbout 0.84 Mach number at 20,000 £t altitude).

The flaps should be connected to the elevator control
system so that they become operative when the control force
exceeds a predetermined amount. This crrangement has the
sdvantage over a separate control systen (as the tabs) of
allowing repid retraction of the fleps in order to avoid
exceedingly high accelerations as the liach number decrecses
during the recovery from the dive. Differentially connecting
the Tlaps to the elevators would not provide & satisfactory
dive-recovery device because of the reversal of the flap
effectiveness at small deflections, and because a flap-
deflection to elevator—deflection ratio which provided
sufficiently light control forces at diving speeds probably
would result in an unstable variation of control force with
normal acceleration at low speed.

If the flaps are used solely as a dive-rccovery device
(connected to the elevator system as suggested) their detri-
mental effect upon the stick-free stability of the airplane
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(fig. 4U4) would not be critical, since they would be deflected
only above the Mach number at which the pitching-moment char-
acteristics of the airplane diverged. (At these Mach numbers
the stability is three or four times that desired.) Further-
more, the reversal of the effectivceness of the flaps with
small deflections is not considered objectionable, since

they could be deflected repidly. The pilot probably would
feel an initial negative acceleration which would quickly
discppear, the magnitude and durotion of the negative accel-
eration depending upon how guickly the control force was
applied. It may be possible for the control force to be
appilecd suddenly enough so that the duration of the reversal
would not be sufficlent to overcome the inertia of the
airplane.

Longitudinal trim device.~ The plots of trim 1ift

coefficient (fig. 34) and of control force (figs. W2 and 43)
illustrate the power of the fleps to trim the model. Were
it not for the reversal of their c¢flectiveness for small
deflections and their detrimentel effect upon the stick-
frec stability of the model, the flaps could satisfactorily
replace trim tabs and balence tabs. By virtue of their
chordwise location on the teil, the flaps should not bc as
susceptible es tabs to loss of eflectiveness due to sepa—
ration of the flow from the after pert of the tail surface.
Also, the elevator-fixed effect of the flaps is & favorable
onc; whcrcas the clevator-fixed cfrect of a teab is

unfavorable. Slightly heavier elevesor control forces could
be expected at flight speeds recuiring a moderate deflection
of the flaps to trim the airplane. (Zee fig. U42)

The characteristics of the flaps used to replace the
elevators for longitudinal control may be obtained from
figure 34 (using the curve for clevators neutral). A U5
deflection of the 1.2- by lo2-inch flaps (model size) was
only as effective as a 6° or 7° deflection of the clevators,
indicating that much larger flaps would have to be used for
this purpose. The incrcased draeg of such large flaps might
prove prohibitive.

o)

CONCLUSIONS

The following statements may be made from the results
of the tests: >
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1. Any of the devices having a projected area normal to
the stabilizer surface of approximately 2 percent of the
horizontal-tail area were sufficiently powerful to provide
satisTactory recovery of the radial-engine pursuit airplane
from a dive at 0.815 Mach number (about 3.5g pull-ocut at
20,000 ft altitude).

2. The acceleration available from the flaps decreased
raridly with increased Mach number above the Mach number at
which the nitching-moment characteristlics of the model
diverged.

3. The flaps would nct be satisfactory as a longitudi-
nel trim device due to a reversal of thelr effectiveness for
small deflections and their detrimentel effect upon the
elevator—free stability of the nodel.

4, The flaps were not powerful enough to replace the
elevators as a longitudinal control device.

5. Further tests should be made in order to develop a
flap arrangement free from reversel of ¢ffcctiveness at .
small deflections. &also, the renge of the tests should be
expanded to include a wider range of 1ift coefficients and
elevator angles in order to predict characteristics through-
out the range of normal flight spceds.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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APPENDIX

The constriction effects of the radial-engine pursult
airplane model were calculated from the following equatlon, &
complete development of which is given in reference 5:

' = r Y=Ly *®
M/Mo =1 +( ewing + efuselage * €yake } 1+ o 1

LrrTE
- . J
where
M, observed Mach number
M Mach number corrected for constriction effects
Y ratio of specific heats
. . K wing volume 1
wing W | (jet area)3/2 (1-Hg2)"/2 |
r 7
€ K fuselage volume j
fuselage F ‘_ (Jet area)s’? (1=ig2)n/? |
q
1 model drag coef icient)(Model wing area)
“wake T E- ( = & = ) 2 !

(jet erea)(1-Mg=)n/2 ;

The following values were used in computing the several
factors:

Ratio of specific heats, Y . . . . . « « « « « . « & 1.4
Wing volume, cu £t . . « . « « « ¢ 4 v e e e e o 5.6
Fuselage volume, cu ft . . . . « « « + « « « « « .« . 12.4
Jet area (cross—-sectional area of test sectlon

less boundary layer), sq f& . . . . . . . . . . - 186.0
Wing constant, Ky . . . . . . . . o o0 e 0.90




18 MR No.:ASLO7

Fuselage constant, Kp . . . . . . . . . . . . . . . .. 0.9
A value of m = 3 was used in determining the factor
for the wing, the fuselage, and the wake.

Upon substitution of the above values, the equation
becomes:

M/Mp = 1 + [(0.00668 + 0.0363 Cp) } [1 + 0.2 Moz}

Using values of My determined from a survey of the
test section with the struts in place, and values of the drag
cocfficient of the model near 0.2 1lift coefricient, the
following values of corrected Mach number were obtained:

My | 0.20] 0.3%5 | 0.59 | 0.675 | 0.72 | 0.765 | 0.785 |0.80
M | .20 40 .60 .69 LT .79 .815 .8l
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(a) Front view of the model mounted in the Ames 16-foot
high-speed wind-tunnel.

(b) Rear view showing the 1.2- by l2-inch flaps with gap.

Figure 3.- Front and rear view of the model of the radial-engine
pursvit airplane,
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