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VIND-TUNIEL INVESTISATION OF DEVICES

FOR ITIUFACVING THZ DIVING CHRAMACTIRISTICS
07 AIRPLANES
2y albert L, Tricksoan

p ST ARY
( A 1/6-secale nodel of a vursuit type elrplane was tested
in the 16-font wind tunnel at the area aernnautlcal labnratory
for the purnnce 2f determlning the effeet nf several devlces

that wiglit be applied tn the ailrplane t» improve the hlgh-sneed
pltching-moment characteristlcs./ Tills luvestipation was

initlated because some dirfficulties lLiave been experienced with
this alrplane 1n recovering fron hirli-spced dlves,

Trhe results indieate that up t2 o ileeh number »f 0,74,
suxiliary flaps at the 33-percent—ciinrd ctatlon 2n the lowver-
surface of the wing, or a contrallable etabvlliner, will
provide adequate contral to avereane tie large piteliingy nonents
encoruntered durdng high-speed dives 2f the alrplianey The
rgeoults alsn indlcate that a elhange in wing eonvaur’at the
center secctinn will reliceve the dlvins tendency up to a 11t
crefficient of 0,1 ard & linch number of O.7h. /This change will
inprave the diving characterlstlics and could be anplled to
alrplenes alr:cdy construreted and 1n scrvicey

INTRODUCTION

Pilots of the alrplanc tested heve riad difficulty in
recoveriny fron high-speed dlves, Investlgation of the problen
by the latlonal Advisory Cohuunlttee for Aeranzuties was berun
at the Langley llemnrial Acronavtlcel loboratory, langley Field,
Virginia., & Tfull-scele alrnlenc wes tested 1n the full-scale
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wind tunrcl, and a 1/6-scale model of thc airplane was tested
in the 5-font high-speed wind tunnel, Murtier iu\bﬂuigﬂtion
of the 1/6—;c¢)n nodel vas ca.ricu on in tize 18=oot wind
tuanel at tie Ames Jeronecutlcel latoratoiy, Resultc of these
Investigations arc reported in referciaces 1, 2, 3, and Y.

A chanze 1n the shigpe 27 the fuselage 1ac rceomneaded 1n
reference h tut tlie results &id not indicote that 1t would
avereaiie tnc objectionnble pitc"*ﬂg aanents at all 1ift
cocfficicnts, Therciore, tic m5del vas rbtn.ned uo the Ancs
Aeronoutlical Labaratary, at the request of tie latilonnl
Advisary Comulttee for ﬁnrOﬂﬂut'c, to in:cSu-,ntL the cffcect
of puxilisry Tlaps, conirolinble th-i__ucr, end change of wing
contour upon tihe dlving charucteristicc in an cndeaveo:r To
provide aocquate cnatrol,

APPARATUS AlD 1XTHOD
¥ind Tunnel and Tquiment

Tre tests werc conducted in the 18-fast wind tunnel at
thic Ames Acroneutical Labaratory, Tils wind uunncl has a cloced
test sectlon, a single closed-rctwin possere, and is of clrsulor
cross scction throughout, Thc medel was supnorted on 0 strute
with links for contralling tie anglc »f »ttwcL in the eseonc
nanncr as for the tests roported in refereaco 4, The forces
on the nadel were ncasurcd by self-baleacing, rceordlng teom
scalcs,.

The results of the tecsts Lave been corrcceted for tunncl-
wall cffcets by adding the following corrcetinus:

Ac = 0,331 Cp 1in degrees
AGDT = 0,00573 CL3

Approxinate corrcotions for tarc forces and monments have been
applicd, The pitching momcnts werc conmputed with rcspect to
tho 2%-percent point on the ncen acradynonic chord, 3.23
inches above the trunnion,
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figures 5, 6, and 7, show that all o7 the flavs tested produced
po~1*1vc increnents of pltching momeat wiilcl, in general,
irncrensed as the iach number inecreased,

Qf the flrps tested, those at the 33-perceut-chord station
vere the mnst effective, Thic flaps inboard of the boons
produced larger increnents of vitchiup nmouent than did tie
Tlaps nutboard of tite booms, In fact, with fleps at the
33-percent—-chord stetisn, the l-inch intomd ficpes had o larger
CrfCCu than the 2-inch flaps outboard of tlic bnome.

" As indicated in figure 6, the l-incl inbaard rinﬁu had
11tt1c cffeet nn the ,1tc“-rr noncats viien t“cv verce set at
Te 5 , but as the angle was increescd to. 152, thelr effective—
ness increaced rauihlv, espececially at tie .1 “her Lach nuUmbersa
Becnuse »f this rather rnpi Ancrease in effoctivencss, tie
flaps ghinuld be opc“utcd carcful;y tn g:c"crt tiic developuent
of tnn large acccleratizas,. . .

Flgure & sliows the eflcet of thc inboard r*hps on the 117t
cocrricicnt et which the nodel balanccds at o llach number 27
0.725, a 457 deflectinn of the 1-1/2-inch flaps increcascd tic
1ift cocfficlicnt for balance by C,55, a4t tihils llech th’c“ at
an eltitude of 25,C00 fcet and with o wing loadinz of 45 D')un...a
per squarc f29%, & 1ift cocfficlcent 27 C.56 will praducc a
3.5z pull-out from a vertical dive, :

The variation of pitching-moucat coefficicnt with 1ilt
cocfficlont for the l-inch 1lnboard flops ot tho 23-percent-
chinrd statinn, at o llanch nunber of 0,725, is slinwn in figurce 9.
Fi;ure 10 shows the drag cocf’icicnu, cngle of attack, and
pitching-nnuent cocfficicnt vcruvs 11Tt cnefiicicnt for thc
1—1/2—1nch inboexd flaps, sct 30° A at tlic came ctetion,
Corrcsponding data for thc standord nmndel 1ithinut flaps arc
shovm in figure 1ll, Thcsc deta arc prescated for use in
naking additinonal comparisous 1< desired,

The inboard end nutboard fieps hod ﬂcarlj thc same c¢ffcet
on 1lirt ceocfricicnt, as nay bec sccen b couyor¢nf the rcsults
given in figurc 12 u*th tiinsc of r‘~urc 13 The ¢arbc
Giffercnces in moment increment provisusly noted in Tigure
arc probably accounted for by the larger cffeet of the inbeard
Tlaps an the downwash at tho tall,

The drag inercrnents due t2 the r_.ps arc indicated in
figurcs 1l and 15, The flepe werc n9% intended for use as dive
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bralkes, but it i1s natural that tihey should increesse tiie dreg
at certain 1irt coefficlents, Howcver, at high 1ift
coeffliclents, the nodel actually had a Inover drag with the
l1-irnch lrtoard flaps at the 33-perceat-chord statinn than
without the fiaps, fs 1s indleated in fipgure 16.

With reference to tlie questinn of vhat loads will occculr
on the flaps and attachinents, figurce 17 shows the presswre
that occurred on the 1-1/2-inckh flaps at the 33-percent—chord
statlon, A% a ilach number 3f 0,74 end a flap angle of 457
the naxinun differcnce Petvecn the pressurcs nan the front and
beck faces of the flaps was 1.3 tinmecs thc dynamic pressure,

Altogether, the results indicete that tie awdliary flaps
sliould prosride & prectical anc effective longlitudinal control
to pull ouc of hiigh-specd divec. 'ith the clevator free, tie
11t cocffieclents for trim will differ from the balance 1lift
coefficlents shovn in fipuwre O, but the effectiveoness of the
fleps shiould noat be impalred.

Wing-Contour Clianges

The wing-contour changes nmey be cnnnsldercd fixel devices
that alter the varliation of piteiiing norents with liseh nunber
g9 as to improve the high-speed dlving characteristics, The
upper-surface contour chenges were tested because, in some
previnus tests »f the standard andel (referonce 45, the diving
nonents started to dcercese at e licelr number of Q,75, and vwhen
the eritical spcod of the center scotlien of the wing was
inereascd by a change of ecmatour, tills tendeney dlsappcarcde
It was therefore recasaned that decrcasing the critical specd
at the wirz centor scetlion would ccusc the diving moments to
stort deckreasing in the seone nanner at a lower llach number,
Tho lewer-—surface contowr changes veore tested because 1t was
belicved that the shock vhicii they cause t9 forn on the lower
surfacc of the wing at high iicch numbers right have an cffeot
sinilar to the auxiliary flaps end titercby inprove the diviag
charactoriatics, ’ i

Fifurc 1€ shows the varlation nf pitching-moment
gnefficicont with liach rumber at. 11ft cocfficicnts of 0.1,
0.2, ond 244, duc t2 changee to the contour af the uppor
surface of the wing. The large inbocrd upper-surface contour
change (fig. 18, curve C) is toe only onc of thesc changes
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chenge which gave the “est pitching=nionent cliaracierictics
tuet at tne Bi-percont—crord station) ceuseld the least
inerease in drage

Cnontrollabtle Jterlilzer

A 22 Gecremze 1n stabilizer incideuce iicrensed thc
pitehlng—manent cocfficlent Ly anhroxiuitely Co.l throughout
the spoed range (Tl 22). o tlle stwrdard alvplone, this
change in nlteilaz=anent esefflcicnt e~iragpands U an
increase in 11Tt coetfricicnt for oolanece of ataut 0,2 at a
liach usber of 0.705. lguce 22 also sliows yhot the elfec—
tiveness of the clcvator, 1in proincang crraczes in pltehling
monient, remalicd essentially : Jarr oll lLincli nuibers
of ths teest for Lol 07 & 2% suclilirer incléence,
Althousgh tlhe elevator 1ls effcotive 1n vroducing chwenges 1n
antient; tlesc &t*e lo2 omall te avercoue the Jreatly
increascd stabilil; procduczd by a {ixed ctablilizer when the
angle » domvash decrenses at tire igher lneh numbers,
Eowever, the moment required can e »raduceld by changing the
stabllizer anrle. Thesc results indicate that a eontrolilable
stabllizer siiould provide laupgltudinel controal of tie ailrplane
ir. dives up to at least o lincl aunber of .7l

COUICLUSIOLUS

Far llach numbers up t9 at least 0,74, the 1linlt of
the teste, the results iidicate that:

1, Auxiliary flavs at tiic 33-percent-—cliord statlion an
the lower curfece 2f thc wing tetwuecn tihe ©2omsz and fusclege
will orovide longZtudlnal en.tral in dves,

2. A climnge t9 the coutour 27 thie lover surface of tlhc
wing between the boosms will relleve tiic dlviny tendeney rar
valucs 97 thic 1ift cocifleclents up to 0.1, This change
amdunts to thickening tiic wlag at tlie GR-percent—cliard stetlon
and falxin; to thic nrligiral ving swrfacc.

3. A& contrallablc stabilizer willl nrovide longltudinal
eontrol in hichi-specd divese

Anes Acronsutlcel Loboratory,
National Advisary Sormittee for Acroncutlcs,
iiafrfett Ficld, Calif,
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