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An investigation was made in the Ames 16-foot high-
speed wind tunnel of several types and sizes of flaps and
spoilers located irm-ediately for~~ard of the elevators on
the upper surface of the horizontr.1 stabilizer of a model of
a radial–engine pursuit airplane. The elevator character-
istics, the elevator–fixed and el.evaton–free balance lift
coefficient, and the trim drag coefficient of the model are
given through a Mach number rstngeof 0.20 to 0.~15 for all
the fl:[psand spoilers tested. In acldition, the effect of
the largest flap on the r,aneuverforces, the stick-fixed
and stick–free neutral poirlt,a:fidthe chordwise pressure
distribution on the horizontal tail at a station through the
flap are given.

Throughout the i’iachnumber range of the tests, except
for small deflections, the flaps anclspoilers produced. a
download on the tail and caused the elevators to float more
negatively, thus increasing the trim lift coefficient. A
reversal of the trim lift coefficie,lt existed for small flap
deflections and was caused largely by the fact that the
elevators tended to float more positively until the flaps were
extended a“oove the critical height. Any of the devices
having s.projected area normal to the stabilizer surface of
about 2 percent of the horizontal-tail s.reashould provide
satisfactory recovery of the airnlane from a dive at 0.$15..
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Hach number. However, the acceleration avai.le.bledecreased
rapidly with increased Mach nur.berabove the Mach number at
which the pitching-moment characteristics of the model
diver~ed. Although the flaps and spoilers were suitable as
a dive-recovery device, the reversal of their effectiveness
with small deflections and their detrimental eff’ect upon the
stick–free stability of the nodel refidered them unsatisfactory
as a longitudinal trim.device.

The pitching-moment characteristics of a conventional
ail’plane tra.Veli.Ilg at S:Dei3~S ~.p~ro~Lchi.!~~ those Of sound differ
widely from the characteristics at lower speeds. ‘Themost
important effects of higk speed.,~ror. the standpoint of’
sta’ci.lityand control, are a decree.se or the slope of the
lift curve of the airplane, a.subsequent iilcrease of the
static longitudinal sta’oility, and a.shift of the longitudinal
ti-ill..i’~ostcurrent confbat.airpls.nesei~llloyi-ngrelatively
hi~h winp loadings encourlter tbiisdivei-_genceof character-
istics in high-speed dives, the usual result being that the
piiot experiences dif:ieulty in maki~ig the recovery from the
dive . It has been necessary, therefore, to equip many
airplenes with some sort of auxiliary coiltroldevice.

Up to the gresent time, the most nopular method of
gaining additional lor~gi~udinal control--hasbeen the use of
dive-recoverj~ flaps on the lower s~i>face of the wing. (The
res!~.ltsof tests o: the r;.dial-enSii?cpursuit airplane model
eouipped with this tj~peof fl?p are repoi-ted in reference 1.)
it”is possible, how~ver, to control the trim of an airplane by
means 03 any device which will vary the load on the horizontal
tail - provided, of course, that the win~ retains its ability
to develop the necessary lift.

In a program of low–speed tests dii>ccted toward the
development of a lateral--ccntrol de~rice suits’olefor use
with full-sp~.n flaps (ref~rence 2), ~.;ldduring an investi-
gation ai~ledaz the improvement ct the l?.teral-contrcl
characteristics of high—speed aircre.ft (i-e~erence3), the
GACJ-tested several arranpcm.ents of spoiler and s-poiler-
a.i.leroncom’oinations. i?h.eresults of’these tests indicated
the possibility of e.pplying spoilers to the horizontal tail
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of an airplane to gain sufficient longitudinal. con,trolin
high-speed flight. The present investigation was undertaken,
at the rcq_uest of the Air Technical Service Command, U.S.
Army Air Forces, in order to ascertp.in the suitability of
scch an arrangement.

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

lJODELAND -4pp~~TUS

Throughout the tests of the fkps and spoilers, the
standard configuration of the model (fig. 1) conformed to
that of the radial-engine pursuit airplane with the propeller
removed. The wing, fuselage, b.orizontal stabilizer, and
vertical fin were built up of steel spars covered with
mahogany; the elcv~.tors and rutk!crwere cast aluminum alloy;
and the engine cowl was formed from Sheet aluminum. In order
to de;crmine the nature of the air flow ahead of and behind
the ~kPS, a band of nrcssure orifices was built into the
horizontal tail at ‘a stc Lion 10.00 iilchcsfrom the center
line of the model. The elevator deflection was controlled
remotely thou;h a unit which incorpora ted an electric motor
for ‘oowcr, ci’1electric str:-,ingage to ifleasurethe elevator
hi.ng~!:jOm~ilt,and a selsyn motor to indic~.tethe elevator
dcfl~ctioil.

Ths pertineqt model dimensions ‘wereas i’ollows:

iiing

Area, Sqft. . . . . . . . .

Span,ft. . . . . . . . . . .

l~ce.rlaerodynamic chord, ft. .

. .

. .

. .

. . .

. . .

. . .

.

.

.

.

. 27.000

. 12.233

. 2.lz7

Section . . . . . . . modified NACA 2~O=series section

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

1- ---
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Incidence at root relatl.ve to fuselwe
refereace line, deg . .

Incidence at tip relative
i-efer~nce line, deg . .

Eorizontail tail

ArQa, Su,ft. . . . . . .

Span, ft. . . . . . . . .

Length (center cf gravity
hinge line), ft . . . .

Thickness, pcrcen’c chord.

--u

. . . . . .

to fuselage
. . . . . .

. . . . . .

.*.,* .

to elevator
.*.. . .

. . . . . .

.

.

.

.

.

.

.

.

.

.

.

.

●

✎

✎

✎

✎

✎

Mc:n-square chord aft of the hinge line, sq

The elev:-tors on this airplnnc rl?odolape of

.

●

✎

✎

✎

✎

✎

✎

✎

.

.

.

.

.

.

.

.

ft

the

.

.

.

a

.

.

.

.

.

.

1.00

-2.96

4.95

4.t30

6.79

~.o

~.g

o ● 404

1.614

4.536

0.1369

blunt-nose
~~?-{)e, irlcor.~orc.tingarl?vers.~c?.erodynr.nic‘oal~nce (ratio of’
the c.reaforward of tki~ hin~e line to th~.ts.ftof the hinge
~in~ ) of r.~proxirlai:ly25 percerit, cnd r,riavcr:~e nose gap with
tk~eelevt,tors neutrc.1 of’about 1.7 pcrccnt of the horizontal
tail chord. The basic z,iri’oilshape OT tkm h.orizon-~alt~.il
wP.s simil~.rto the i;AC~J0C03 GXCCj’~ Lhpt the lec.ding-edge
r~.diusW:S cor~sidericly decrc~’se~ mid ‘:hesection forward of
the 2+ocrcc:nt-chord point was corrcspondi.ngly thir.ner.

All the flaps ad spoilers, loc~~tioilson the model and
clir.cnsionso: Which :.regiven in figure 2, were locc~ed so that
the tr~.ilingedge of the undcflectcd su.:’facewould coincide with
,ke center line of’the rczr sta’oilizer sp~i-of the airpl:.ne.+
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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 sui”face of &he stab&lizer.
The flaps representing deflections of a 7.5 and 15 wer~
hardwood wedges screwed to the st bilizer sp~r; those
representing deflections of 30°, t5°, and 60 were
l/16-.inch steel plate held to the spar by brackets on the
underside of the flap. Two modifications were tested iil
addition to the standard split-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 tr~.ilin edge.

?
Details of

these two flaps are shown in fif;ures 2 b) and 2(c),
respectively .

The spoilers were projected normal to the stabilizer
surface slndwere of two types: (1) those having a
projection at cvrry point along ‘thespan of approximately
a constant percent of the local tail-plane chord, and (2)
those tapering from @ maximum projection at the in’ooard
end to zero projection at the outbo~.rtiend. The former
e.rereferi-ed to as const:.nt—perceilt-chordspoilers and
their projection is given in percent of the 10CS1 tail–
plane chord; the latter are ref’eri>cdto as t~.pered spoilers
and their projection is given in percent of the tail-
planc chord o.ttho inboard end of tfi.espoilers.

Support for the model in the wind-tun!nel test section
(fig:.~) VPS provicled by two

?
-perccn-t-thick unshielded

struts connected to the wing O i,lc;ncseither side of the
center line of the model) and a single 7-percent-thick
unshielded strut connected to the after part of the fuselage.
Angle-of-attack control wa,sobtained by vertical movement of
th~ rear strut.

sYMBOLS

The symbols used in this report are defiiled as follows:

v free—stream velocity, f’cctper second

ii free-stream i~achnumber ‘
(

v
)speed of,sounci.
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P

q

P.

p

s

ST

s ~1

ii. A.c.

bc

~

y:

CL

CD

cIilc *g:

Gc.g.

Che

P

~~ NO. A5L07

free- strean mass density, slugs per cubic foot

free-stream dynamic pressure (~PV2), pounds per
square foot

static pressure in test section, pounds per square
foot

local static pressure on the surface, pounds per
Gcjue,,retoot

souare feetVrine area, .

horizontal-tail area, sclwre feet

projected area of flap norrml to the sta’oil.izer
surface, square t’cct

mee.rl~.crodynamic chord of the win~, feet

elevator snan, feet

mean-sc~uare chorti of the elev-,toraft of the hinge
line , square feet

gross w~i~,ht of ?.irplme, poulld.s

lift cocf’i’icientflift
. ~L~)

drag coefficient (’tir~g
‘hgz )

~itchinsz-rnorientcoefficient a’ooutthe center of
graviiy {

‘k

increase of
center of

~itchifig moment )qS Vi.fi.C. /

pitck.ir.~—.mo-meIltcoc~ficicnt about the
gr~lvity

‘ h.in~~’momentelev:tor hinge–-moment coei’ficicnt(
\ —-

q bc Ce2
)

pressure coefficient /’p– pO
‘)

\~l



m No . ~5L07 7

P~

Pi

Pcr

a

pressure coefficient on the upper surface

pressure coefficient on the lower surface

critical pressure coefficient (E at which the local
speed ecuals the local speed of sound)

angle of a-ttack of the fuselage reference line,
deErees

angle.between the fuselage reference line and.the
tunnel ce~lt~r l~~e, ~Lc~I?C?es

elevator deflection i“clfltive to the hori’zont~Ll-

tail-cb.ordplane (positive with the trailing
edge down), degrees

incrcasc of elevator floating angle dlue to flap
deflection, dsSrees

flap deflection reh.tivc to the surface of the
sta’bilizcr, degrees

(positive with the trailing

The rcsiults of the tests h~.vcbcc~-corrcctcd for tunnel-
wall.Cfi”eC’LSby r.dding the folloui:lz:

La (deg) = 1.0~2 CL

= 0.0~~9 CL (tail on)

In sd.dition, ts.rccor~wctions due to the support struts
have been applied to the dra:.,pitchiilg morncnt, and angle of
att~.ck. The tare forces and mcmcnts were obtained from tests
with tb.estruts in ~~~Lc~, but with the model removed from the
tunnel, while the ~.nple-of–ztt~ck correction wes obtained
from upright and.inverted tests of e.model similcr in size and
ple.nform to this model, Bee:-use of the complicated structure



a~lti.rig{~ing involved, n-oattempt was made to account for the
mutual interference betveen the model and the su.pport s truts.
Fo~- the same reason, the inclination of the air stream at the
kori zcn ial-tail plane due to the support systern.was not
cva~u~tad bub Was a~~’~~edL to be the same at the tail as at
.~.~l_~-wing.

The e.vei-agellachnuimber tFi”OllghOUt the space in tlietest
section normjally occupied by- hhe wing was measured, with the
~truts in place and moGel removed}L! by ~~eans or a multiple-
‘~,~Gornstatic-pressure SllrvcyWl”flg. (See reference .!\.) .UlZS17-.

cal:bratlo~ wc.s then col’rccteilf’orthe constrlction effects of
ti~~model in a r~a?.m~ersiy:lil-arto that described in reference 4.,
U!s+-n:the cinensi ons and equations Given in the appendix,
ZfiJedynar.~c prLss‘m G- W:tS c oripute d frcm the corrected Nach
~_7xI’D e r anti. th knowi~ total .cm-ussurein tbc test section.

Characteristics of tl:cStandard Model
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the mgle of attack for zero lift and the lift-curve slope,
it is desirable that changes of theso two factors be as small
P.Spossible.

For small v~.lues of the lift coefficient, the drag
c~efficient of the model increased rapidly with Mach number
above a Mach number of about 0.75. If inertia forces and
propeller thrust are neglected (so th~.tin a vertical dive
the drag of the airplane is equal to and opposes the weight),
the results indicate a inaximumatta-inableMach number at
10,000 feet alti~ude of 0.g25 for a V!ingloading of 45 pounds
per square foot. (See fig. 6. ) At an altitude of 20,000 feet,
the maximum predicted Mach nui.~b~ris about 0.g4. Figures 7,
g, and 9 show that this is considerably- above the Mach number
at whlichthe pitching—moment characteristics diverge from
those a-tlow speed.

Above a Mach number of about 0.75 and a lift coefficient
of’0.2, or above a Mach number of about 0.63 and a lift
coefficient of 0,6, the r~.teof change of’pitching-moment
coef’ficicnt with Mp.c.hnunk.erbecane highly ne~ative. Similarly,
the rate oi’ch~nge of pitch.ing-roil~efltcoefficient with lift
coefficient (static longitudinal str;oilit~-)suddenly increased
to three or four zi~~esthe low-speed value. At these Mach
nU31berS and lift coefficients, tkCi’2, a slight incre~lseOf
speed would ceuse the airplane to tend to nose down, which in
turn would result in a further incre~.seof speed, the instab-
ility progressing until the aii-plane finally trimmed in a
nes.rlyvertical dive. The condition is fu.rtner aggravated by
the f~.ctthat the large increase oi’the ste.ticlongitudinal
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-nouent characteristics was present
~~iththe t~-ilremovc~, indi~f~tingthat the wing-fuselage
cor:bination contributes directly a 1~.rgeproportion of the
adverse effects.

The elevator characteristics of the airplane model are
given for three different elev:.tor-tab angles in figures
10, 11, amd 12. At low values of the lift coefficient and
for moderate elcv~.tordeflections, the elev~.toreffective-
ness (bCm/~6e)CL was independent of Mach nu,mberup to a
Mach number of 0.&$15,the !zaxir~umobtained with the complete
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~io~el. However, the rate of change of hinge-norient coef-
ficient with lift coefficient changed fron a small negative
value at low Mach numbers to a small positive ~eLlue at high
Mach numbers. No radical change of clev~.tor characteristics
was a~parent which might appreciably alter the divergence of
the pitching-noment characteristics detected in the results
of the elevator-fixed tests.

Characteristics of the Flaps and Spoilers

Co~parison of the various flaps and spoilers.- The
pitch~ng-moxent characteristics of this pursu~irplane
model fitted with various flaps and s]poilersare shown in
figures 13 to 32 in the forr,of plots of pitching–moment
coefficient and elevator hinge-roonent coefficient as a
function of elevator angle. A brief rc?’su.m6of the increments
of pitching–moment coefficient and elevator floating angle
due to the flaps md spoilers is given in figure 33. Fig-
ures ~~ to 37 are plots showing the lift coefficient for
balance (Cm = 0) and the trirxlift coefficient (balance with
elevators free, or Crl= o} Che = O) of the model-as a function
of the deflection of the flaps and spoilers.

With the elevators fixed, except for small deflections
at low speed, all the flaps and spoilers produced a download
on the tail which was approxiriately proportional to their
projected area normal to the stabilizer surface. Furthermore,
the elevator hinge-moment charnctcristics indicate that,
except for s,ialldeflections, the flaps and spoilers caused
the elev:.tors to float l~ore negatively, resulting in an
ad.titional favorable effect. The tendency of the elevators
to flea; fiorepositively with small flap deflections is
exali~inedin detail in the section concerning the pressure
distribution on the horizontal tail.

The faired curves of figure 33, although derived ~rom too
few points to be considered entirely rccurate, indic~te the
effectiveness of the various fla;psand spoilers in producing
a downlo~.d on the tail and in decreasing the elevator floating
angle. The solid curves were obtained frorutests of 5.11the
flaps s.ndspoilers having average projected heights of
approxizp.tely 2 percent of the horizontu.1-tail chord; the
projected area then being a function of the span of the device.
Dat~, for the dashed curves and dotted curves were obtained from
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tests ot the 12-inch-span flaps so that the projected area
was determined by the deflection of-the flaps. Since the
solid curves include no data from tests with small flap
deflections, the characteristic reversal is not shown.

The power of the flaps to produce a download on the ‘
tail increased with Mach number up to a value of 0.~15, 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 speed. Nevertheless, above the lif’tcoefficient 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 balaiice the model was greatly
reduced. For example, at a Mach number of 0.60, a 45°
deflection of the 1.2– by 12-inch flaps trimmed the model
at a lift coetf’icient of about 0.~2; at a Mach nuioberof
0.815 the trim lift coefficient YJaS only 0.390 Similarly,
only l.g” tr~.velof the elevators w~.srequired at low
speed in order to incre~.sethe bala~.ce lift coefficient
of the standard model from 0.00 to 0.30; whereas g.Oo
tr~vel was required at ?.Mach ilunber of O.gl~. This
incre~.seis due alr,ostentirely to the incre:sed static
longitudinal stability of the model at high speed, and
demonstrates cle:.rlythe need for additional control.

The results of tests of the modified flaps are shown
in figure 34 as single points, since ec.chmodification was
tested with only one deflection. Hinging the flap at its
trailing edge had very little effect upon its character-
istics, &!tleast for the deflection tested. The 33-pcrccnt
g~.p,however, rcduccd the elevatoia-fixed effectiveness
slightly, and di;llinishedthe effect on the elevator floating
angle about 50 to 60 percent, the over-all effect of the
gap being to reduce the trim lift coefficient by abouz 0.06
at all Mach nur;oersfrom 0.60 to 0.31~. The gap, although
detri.rnentd 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 tail buffeting during the present tests.

Compared on a basis of the projected area of the device
normal to the stabilizer surfs.cc,the 0,6– by 12–inch flaps
and the J2-inch-sp:m, constant-pcrccnt-ck.ord spoilers were
slightly more cffcctivc than the remaiilder of the flaps and

w-)

4i
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spoilers tested. It tippears then, that portions of the device
near the tip of the horizontal tail were not quite as effec–
tivc as those portions nearer the center of the semispan, and
that the large-chord flaps with r,lodere-tedeflections were
slightly less powerful than spoilers or the sw.all-cb.ordflaps
with compensatingly larger deflections. The latter effect
may be due to the fact that the spoilers and small-chord flaps
presented a sharper discontinuity of the surface for a given
projected area, resulting in less tendeilcy 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
consequence than the aerodynamic ad-vintages of one or the
other.

Trim drag coefficient,– The drag coefficients due to
the f~a~d spoil&’~-r~ be obtained from figures 3g and
39* In order to provide a fair means of comparison, the drag
coefficient of the model was deterr~ined for e~.chdeflection
of the vari.ou.strim devices ana was plotted against the lift
coefficient at which. that deflection would trir.tb.emodel.
In other words, each point on figure Js represents the drag
coefficient wit~. the i~odel trimmed. This was done for the
tabs as well as for the flaps and spoilers. The dashed
curves represent the drag coefficieilt with.the model balanced
by the elevators but with all other trirfidevices unreflected.
For rzoderatelift cocfficicnts, the incitement of drag coef-
ficient due to trirming the :lodelwith the flaps or spoilers
was about 0.0030. The drag due to the tab was of course
zero nec.rzero lift, but was about one-half that of the flaps
and spoilers at noderate lift coefficients,

If the reversal of the elevator-free characteristics
of the flaps and spoilers were elir-liilated,the drag coef-
ficient for trim would be reduced considerably, since small
deflections of the devices would then.yield a positive
increnent of trim lift coefficient.

Chordwise pressure distribution on tail.- The chordwise
pressure di~tributl=on the horizontal t~.ilis given in
figure 40 for several deflections of the 1.2– by 12–inch
fl~.ps. Duc to the sifiil~.rityof the pressure distribution
with all the devices tested, results r.represented herein
for this flap only.
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Up to a Mach nunber of 0.g15, the pressure induc~d by
the flal~swas positive on the u.ppci=surfr.ceahe&d of the
fl~.pand slightly negative on bhe lower surface. Aft of
the flap the flow appeared to be sepa~qte~~ For,snqll flap
deflections, however, the pressures aft of the flap tended
to recover, indic~.ting that the flow was returning to the
surface after it had once been separated. The chordwise
point on the surf’aceto which the flow P.ppeared to return
roved aft as the flap angle was increased.

The section load on the horizontal tail arising fron the
pressures induced by the flaps is given by the arrows in
figure 41. The ftictthat the download induced ahead.or
the flaps is partin.lly canceled by the upload induced.aft
of the flaps indicztes the desirability of locating the
device as fs.raft as possible. Ho?Jevcr, a practical
limit to this vrocedure is reached if the flow tends to -
separate fro:z~he after part of the airfoil with the .
device uildeflectcd, such as is often encountered at high
Mach nurbers.

An exe.:nine.tionof the load distribution on the elevator
ofters m explt.nation of the rcversp.1 of the elevator float-

‘.sz:,~llfla~pdeflectioils.ing angle wit. It appears that with
snail deflections, the f’lowis scp~.re.tcdfor only a snail
distance aft of the flap, resulting in a large upload on the
bs.lanceportion of the elevator and very lit’:leeffect cn
the portion aft of the elevator hinCc line. For sl~allflap
deflectioris, then, the tendency is for the elevators to
flo?t ~ositively. As the flaps arc deflected farther,
the portion of the clevr.tors aft of the hinge line also comes
under the influence of the induced upload, and the elevators
float more negative-lyo This reasonin~; suggests th,epossi--
bility of elir:~inztingthe reversal of’the elevator floating
?.ngleby inco?@orating m elev~.tor without nose bale.nce
with the flaps in.tb.epresent loc~.tion, or by locating the
flaps a~ the-elcv~.tor hinge line if a nose balance is used.
With tklelatter arrr,nger:ent,the nose bal~.ricewould be under
the influence of the download inducccl.ahcadof the fl~ps,
and the surface aft of the elcvz.torhinge line would be
under the influence of the uplor.d induced aft of the flap,
both effects causin? a-tCndencY of th~ elevators to flont
negr.tively. Such an r.rra.ngefientshould be considerably
ri~o~ecff’ective tb.aneither the present one or one incor-
porati~g p.nelevator without nose balance.

b
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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 1.2- by 12-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 given for
three different altitudes at a Mach number of 0.815. The
values given are for a wing loading of 45 pounds per souare
foot and a center-of-gravity location at 27.5 percent of the
M,A.C. Since it is realized that the elevator tabs might be
relatively ineffective at high Mach num-acrs, especially with
the flaps deflected, the control forces were computed only
for a tab angle of zero.

The results indicate that at leost up to a Mach number
of 0.815 the flaps were sufficiently powerful to provide
satisfactory recovery from a dive, c.30° deflection resulting
in a 5.2g pull–up at 10,000 feet altitude or a 307g pull-up
at 20,000 feet altitude. It appears th~.ta smaller chord
flap could be used with compensatingly larger deflections.
However, in view of the decreased Dower of the flaps above
the Mach number of divergence, it is considered wise to
retain a fairly large margin of control, since no data were
Obt=Linedat Mach numbers egual to the naxilnum obt~.inable in
a vertical dive (s.bout0.~4 fiiachnumber a.t20)000 ft altitude ).

The flaps should be connected to the elevator control
system so that they beco,me operative ~Jhenthe control force
exceeds a predetermined amount. This c.rrarngernenthas the
advantage over a separate control syster (m the tabs) of
allowing rapid retraction of the flaps iilorder to avoid
exceedingly high accelerations as the l@.chnumber decres.ses
during the recovery from the dive. Differentially connecting
the flaps to the elevators would not provide a 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 d.iviilgspeeds probably
would result in an unstable variation of control force with
normal acceleration at low speed.

If the flaps are used solely a.sa dive-recovery 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. 44) would not be critical, since they would be deflected
only above the Mach number at which the pitching-moment char-
aCterist-iCS Of the ~Lirplanediverged. (At these Mach numbers
the stability is three or four times that desired. ) Further-
more, the reversal of the effectiveness of the flaps with
sma,lldeflections is not considered objectionable, since
they could be deflected rapidly. Tb.epilot probably would
feel an initial negative accelcratioil which would quickly
disr.ppear, the magnitude and duration of the negative accel-
eration depending upon how quickly tb.econtrol force was
applied. It may be possible for the control force to be
applied su~denly enough so that the duration of the reversal
would not be sufficient to overcome the inertia of’the.air-p_uane.

LonFitu.dinal trir,device.- The plots of trim lift
coefficient (fig. 34) and of control force (figs. 42 ~md 43)
illustrate the power of the fl~~psto trim the model. ilicre
it not for the reversal of their effectiveness for small
deflections and their detrimental effect upon the stick–
free stability of the nodel, the flaps could satisfactorily
rep~~lce tl’i!TI tei~s and beL1~nce t?hs. ~y virtUe of tb.eir
chordwise location on the t~-il,the i’lapsshould not be as
susceptible ~.sta’~sto 10SS of effectiveness due to sepa-
r~tion of the flow from the after p:.r’cof the tail surface.
Also, the elevator--fixed effect of the flaps is a favorable
one; ~Jh~reas the cleva.tor-fixed effect of a ts~ois
unfavorable , Sli@tly heavier elev~.:or control forces could
be expected at flight speeds recluirin~ a moderate deflection
of the flaps To trim the ~LirPkile. (Zee f’ig.42)

Tb-echaracteristics of the i’lapsused to replace the
elevators for longitudinal control may be obtained from
figure 34 (using the curve for elev~.tors neutral). ~ 450
deflection of the 1.2- ‘OY12-inch flaps (model size) was
oillyas effective as a 6° m= 70 deflection of the elevators,
indicating that much larger flaps would have to be used-for
this pu.zzpose. The increased drag of’such large flaps might
prove prohibitive.

CONCLUSIO1\TS

The following statements may be
of the tests: . made from the results
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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’
satisfactory recovery of the radial-engine pursuit airplane
from a dive at O.gl~ Mach number (about 3.5g pull-aut at
2G,0G0 ft altitude).

2. The acceleration available fi-omthe flaps decreased
rapidly with increased Mach number above the Mach number at
which the ‘oitching-!ncmentcharacteristics of the model
diverged.

3. The flaps would rmt be satisfactory as a longitudi-
nal trim device due to a reversal of their effectiveness for
small deflections and their de;rimeiltc.1effect upon the
elevator–free siability ai’the nodel.

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

5. Further tests should be made in order to develop a
flap arrangement free frolmreve~sai of erfcctiveness at .
small deflections. Also , ihc rz.ngeof the tests should be
expanded to include a wider range of lift coefficients and
elevator angles in order to predict characteristics through-
out the range of normal flight speeds.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Moffett Field, Calif.
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The constriction effects of the radial-engine pursuit
airplane model were calculated from the foliowing equation: a
complete development of which is given in reference 5:

[ 1 r Y-1- q
‘M/M. = 1 + c~ing + cfuse~age + c~Jake

, 1.
1 + -&o ~

J

w12ere

140 observed Mach nur.ber

M Mach number corrected fOi”constriction effects

Y ratio of specific heats

Ew irig KW [ wing volume

1 (jet area)s,z (l-~~o’)T/’ ]

r fusela~e volume j
‘fuselage K~

(jet area)3/2 (luMo’~~7 ‘.

[( model drag coef~icient )(l~odelwing area)l
+ I (jet ~rea~~o~cwake

The following values were used in computing the several
factors:

Ratio of specific heats, V . . . . . . . . . . . 0 ●
1.4

Wingvolume, cuft. . . . . . . . . . . . . . “ u o 5.6

Fuselage volume, tuft . . . . . . . . . . . . . “ - 12*4

Jet area (cross-sectional area of iest section
less boundary layer), sq ft . . . . . “ . . “ ● - 1!56.0

Wing constant, Kw . . . . . . . . . . . . . . . . . 0.90
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Fuselage constant, KF . . . , . . . . . . . . . . . . . 0.96

A value of T = 3 was used in determining the factor
for the wing, the fuselage, and the wake.

Upon substitution of the above values, the equation
becomes:

i~i/itio=1+
[

(0.00668 + o.03@ CD) 7
~[

1 + 0.2 Moa 1

(1 - J
——-.—---~vq~j2 —

Using va~~~es of l~o determined fror~la survey of tb.e
test section with the struts in place, and values of the drag
coefficient of the model near 0.2 lift coefficient, the
following values of corrected Mach number were obtained:

18

2*
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(a) Fiont View of’ the model mounted in the Ames 16-foot
high–speed wind–tunnel.

(b) Rear view showing the 1.2- by 12–inch flaps with gap.

Figure3.- Front and rear view of the model of the radial-engine
pweuit airplane.
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