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By Chnrles 7. Holl ané Robert L. Ifonncs

Wind-tunnc 1 of 2 ' ace 1odel of a midwing
airnlenc were na y i x its high-speced 70n71_
tudinal cheract or inproving the
longitudinal co T ~nd to determine
the aileron off: iveness ot high Meoch numboers

The forcce and moment coefficients computed from the teost
presented in this reoort. The control foreccs, cle-
1@lﬂ cand eileron onglc for soveral flight conqltions
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prodlctcd Tho naximum specd and Hach numbor attaincd at
cverel zliding engles are cstimeted.
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fi 'dat: indicnte thet, with rcspect to clevator-cngle
ricti ccd, tac sirplene will become unstoble ot
Pro xidiuoly C.7 Moch number. Two deviecs for improving the
ngitudinel control - n wing-profile modification and auxil-
iary control flaps - incrcecasc the Mech number at which th*s
instebility occurs. Tho former dovice incrceses it by a

much as 0.075 end the latter by 0.05. Howcver, becousce the
uf*OCthCanq of the fl”Dq deercasces betweon O 75 end O,

Mech numbcr, thoir over-cll characteristics arc less favorablo
thon thosc of the wing-profile modification,

=

INTRODUCTION

, A% the rcoucst of the Air Metcericl Commeand, U.S. Army
Alr Forces, tosts of o 0.175-scalc modol of a n1aw1ng air-
plane wore conductcd in thc Amcs 16-foot high-speed wind’
tunncl.



The purpose of these tests wons to determine the c¢ffect of
¥oech number on the aerodynamic characteristics of the airplane
oné to find methods of increasing the longitudinal control at
high Mach numbers. The aerodynamic characteristics investi-
gated were the 1ift, drag, and pitching-moment coefficicnts;
the effectiveness of the elevator, the clevator teb, and the
aileron; and the hinge-moment coefficients for the elevator
and the aileron. Two methods to increase the longitudinal
control a2t high Mach numbers woere tested. They were auxil-
iary control fleps, and a wing-profile modification designed
to lower the oriticel Mach number of the inboard lower
surface of the wing to thot of the upper surface at 0.1 1ift
coefficicent.

DESCRIPTICH OF iODEL

The 0,175-scalec model was supilied by the manufacturer,
The stecl wing, fuselage, and cmpennage structures were
covered with mehogany. The elcvotor and aileron were solid
durel., 4 dummy tail feiring wes sunplied for tail-off tests.

The elevator hinge moment was measured by an electric
registence strain gage mounted on a cantilever arm. A small
electric motor and a slide-wirc resistor coupled to the ele-

vator mechonism provided remotc control and indication of the

elevator angle., Mcosurement of the aileron hinge moment was
by mecans of o torsional strain gege. It was necessary to set
the aileron at the desircd angle before each test. Both
gages were calibrated, before testing, by applying known
moments to the control surfaces.

Photographs of the model mounted in the 16-foot wind
tunnel are shown in figures 1 to 5, and a drawing of the model
is shown in figurec 6. :

The chord and span of the auxiliary control flaps (fig. 5)
werce 1 inch and 12 inches (model scale), respectively. The
hinge linc was at 62.5 percent of the wing chord bétween wing
8tations 20 incheg and 32 inchos from the center line The

- eaaaT [P LY Wila Ve a sl . -aa

fleps were tosted at ansles of 309 and U450,

The wing-profile modification (subsequently called the
wing bump) is shown in figure 7. As the bump was only 0.0653
inch thick, it wes made of balsevood, glued to the wing
surface, and contoured from templates furnished by the manu-
facturer,
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SYWMBOLS

The definitions of thc symbols uscd in this report arc as
follows:

(ZQ

Vmph

wing r~reeo, scunre feclh
wing snen, fect

enon of control surface z, foo

t
roci-mian-sausre chiord behind hinge line of control
surface x feet

b
angle of ottnack of modcel, @Lqrce
The angle is measurcd rc ative to fusclegoe
refercnce 1ince,
englc of control surfoce x, dcgrecs
ne angle is consicdorod positive when troiling
urifoce 1is

is dowvn.

cloretion, in units of grevi-

velocity of rirplone, miles por hour

veloeity of cirplenc, foct nor sccond

veloecity of sound in undisturbed nir, fceot por second
Moch number (B/a)

criticrl Mrch numboer

The licch number ot vhich speed of sound is rcached
locally on tho sirplenc,
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mess density of air, slugs per cublc foot

dynemic pressure (%”sz), Hounds ner sauare 00t

-moment coefficient about &5 percent mean
(hitching moment]

7.5.C.)

{
rr 0lling moment>
\ aSb

hinge-moment coefficient of control surface x

/hinge m oment\
\7q Txaby /

#

gtatic pressure in undisturbed stream, pounds per
gsauare fooj

local static nressure, poundes wer scusre foot

b} - %D
pressure coefficlent (9 0

o q
critical pressure coefficient
Fressure coefficient which corresponds to the local
gpeed of sound
pressure on upwer surface of balance seal, pounds per
scuare foot

wer surface of balence sesl, pounds per

velocity, radians per sccond

helix envle of the path of the wing tip in roll



Subscrints
¢] clecvator
t tab
a aileron

REDUCTIOY OF DATA
Corrections

The forces, moments, and res surcs were converted to
ocfficient form by usc of tho caustions given in the list of
symbols., To theoee cocfficients werce added the following
corrceotions for tunnel-wall effects (refevence 1):

(-\l

Lo = C. 658

ON

CL
ACp = 0.01167 Cy,
L0 = 0.005L6 Cr,

The tarc corrections to the coefficiecnts and the angle
of attack were evaluatcd v mounting th no@el on w1no—t¢p
cunaorts and col 11 he diffoereneces betwecen the sero-
dgnamlo cnar“ctcri i ained from tosts with the threc
vertical struts in 2,CO d with thom removed. These diffor
ences wore mensurced at a constant 1ift coefficient. Two
strcamline tic rods (fig. L) attoched to the model to
reduce its deflection whon wing tTin sunported. The dcta indi-
crtb, however, that these tic is rroduced an 1nt0“ crence
Grag, cauqina the teore-dreg increonsge - normally cssoclated
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with theo critical I'ach number of the struts - to occur 2% a
considerably lower MNech nurbor., The drag tares werc there-

fore determined by adding to the dragy of the struts alonc a

component caused by the upflow anzle of the eair. This method

does nct include the interfercnce drag betweon the struts

ond the modcel.
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Dynomic—Pressure and lach Number Cglibration

The ceolibration uscod during the tesis -ras obt*ired by
itot—tvube gcurvey in a plane oe iieular to the TOGQ%su—
inal aoxtie of the tunnel at a lon Linal position ic

coincided with the 2h-psrcent nol of the mean scrodynomic
chord ] del s in the tunnel, As the vertical struts
(e e nel is riethod of colibration corrects for
the ¢ T the supnorting srystem. A
calibra roth Xo} ng struts rewmoved from
the tu ng tests in which the model
oS S 1L

Thc elevator gtick forces vectilinenr T113
computed in the following mnanner: At o 1ifT coef?
ca’cwlated from the selected uing leading, altitud ach
nu G levator onrle Lolonce vag Jdeternis ot
Gata, tie cffecse o nnel L oond % Q1 T
ing s+“uts, the angd 0 T 1 T tne model is
nt {rom th e 1 In order to
thig, a cor 1i coefficicent in
: anncr thed cir flow taill of e
mecel, at the corrccted coeriicicnt, be the sriie as
tiant at the tail of the a2irwlone., The caghr“ in dovresia with
1ift COOff‘ClOub, neclded to. maikzc thilc correct 10“, VoS 200Y0N—
imated from result s in refewcnce 2 The stick Torce W
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t coefficient., In
igit, o correscilion

Comping moment of tie t

computed using the hlngoe-noment co £
the .elevator anglu end corrccted 1i

puting the stick forcce for curved T
clevator eongle becouse of 1

(relerencc 3) cnd o ocorrectl
of the change in the angle o
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tick force for clevator belonce aorens other than
tosted on the model wcs computed, The og]*nccn
“ato wvere used to cclcouioie tho "WC“““CJh of hinge-—
fficient caousod oy tic in the bal~ance
moment arm,
Stick Torces Tor configurstions other thon the nornal
erce colceulated by odding to the Hreviously dothuinoo clovator
angle an increment to halance the »nitching-imoment changeg due
to the configurotion chonge. Thoe hinge-noment cocfficicnt
corresnonting to thirig corrocted clevotor ongle wag useld,
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Glici locity

The v frloo*LV, liach number, and time vo descend in
relecion te the angic of glidc were computed by a stop-bry-
step process using the droag date.

Ailecron Wlgel Forcos

The whecol force for ailoron control was cslculated in
the following manner: relati betwesn the wing-tip helix
angle pb/2V  and the ing nont cocfficicnt was found
from caustion (5) and roferonce 4, The helix
angie computed in this cduced 20 npercent as rccon-
mended in referencoe 5 : rolation, the change in the
angle of attack of th ¢ function of rolling-momecnt
cocfficient was detor orrections were apnlicd to the

anglc of atitock, at t ced flight condition, and tho

CO”“CSUOﬂdlﬂg rolling—-moment coefficient bececause of this

snzle-of-atteck change. The hiinge-moment cocfficient was

determincd from the dota for the corrected angle of attoci.
RESULTS AND DISCOUBEION

The cirplonc has on csbine centeor—-of-gravity travel
from 20 to 35 pereccont of the serodynamic chord, =nd a
wolrht veristion from 21,500 ,000 pounds. The data in
this report, in general, arc for tho center of gravity
at 25 UuPCLnt of the moon acr mic chord and for a wolght
of 25,000 pounds.

Thc geometric overhang on tne model clovator was Lo.5
perecnt of the elevator chord aft of the hinge line, while
thet reauired by the sirplanc clevator is ecstimated by thc

renufacturcr to be U5 porcent. Unless othoerwisc stated, the
stick forces prescented in thie report arc for a QCOﬂbbrlC
ovirhang of U0.5 percent.

The goometric overhang for the silcron is ULC and U3
pereent of the ailceron chord oft of the hinge linc on the
modcl and eirplence, respectively. Uheel forees arc shown for
& LO-percent overhang only.
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A stabhility derivative in which the Mach number is held
constnt doce not completely represent flight conditions, for
in flight a changc of 1ift cocfficient usually causecs o

henge of snoe and Hach number. Therefore, in prescnting
static stablliity cheracteristics, the cffect of Mach number
s well as of 1ift, on the »itching-moment cocfficicnt should
bc included. This 1s ecsrecially true at high ¥ach numbcrs,
for the pitchlnr—romvnu coefficlent is morc affected by iach
nunber than by 1ift variations., The combined c¢ffeets of Mach

number and 1ift varictions on the pitching-moment cocefficient
are indicated in flgure 12(s). A positive slope of the curves
indicates thet » climbing momcnt resgults for an increasc of
Yecoh number and corresnonding decrcage of 1ift cocefficicent.
The clinmbing moment tends to increese the 1ift coefficient,
u
»)

"7

-y 1-

Gecrease the ach number pn_ 4'u‘fn the airplanc to its
original flight 00h01g10n, thus providing stick-fired stetic
long;tddlnal stability. Convers elr a npwq'vve gslope indi-
cates an unstable condition.

e
a

The slones of the curves in fipure 12(a) are related to
the constant lizch number stability derivetive (fig. 12(b))
thie following ecuation, thoe derivation of which appears in
tiae apohendix:

(d_cm - {/éCm N ) + Ving londing <~6cm
\QM,@y%L’SO \agang,go pn? 1.3 éCL‘M,ge

Subseguent discussions of stability in this report will rofer
to the left-hand member of the equation.

It will be noticcd that the derivetive (—aGm/écl)M,se

is the »recdominent factor influcncing statlic stability ot low
Mach nuabers bocausce of the factor l/If3 in the last term.
With incrcosing Mach number its influence diminishes. This
fact is shown by a comparison cf ”1>uv°s 12(a) and 12(b). At
1iph Mach numbers when (-0 Cin/ /3CL)y &, hes its greatest

value, figurc 12(a) indicate sticklfixed gitudlncl insta-
bility. The ccouation «lso Qhwwq thet an ix
londing or altitude increrscs the stability ﬂﬂsum1n~ othor
factors to remein constnnt. In nddition, “SSUUln” the ele-
votor offcetivencss remrine constont, (&G Om/dl)y20y,, 60 18

closely rcloted to the veristion of elevator angle with speed.

This veriction is commonly uscd in the anclysis of flight-test
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results as an indication of stick-fixed static stability.

The dseta of figure 12(a) indicate instability above 0.7
Ilach number between 0,025 and 0.10 E2CL. Thesc data are
for the center of gravity =t 25 percent of the mean aerody-
namic chord. A rearverd movement of the center of gravity,
by reducing (-8Cn/0L): s, would increase the stafic insta-
bility and rcduce the Hadh number at which the airplane
becomes unstable.

Figure 12(b) shows that below 0.7U4 lfach number
(-&n/ &) 5. is positive for »ll center-of-gravity positions
back to L0 perfcent. of the mean aerodynamic chord. Also
Tfigurc 11 indicates that below C.7 llach number (éCm/émch,ae

ig cither positive or just slightly negative for 1ift coef-
ficients below the stall. Stotic stability is therefore
cssured at the lower Mach numbers even with the center of
grevity at the estimeated farthest aft location.

The piteching-moment coefficient contributed by the hori-
zontal tail with the elevetor fixed (fig. 13) undergoes o
large decreesc for constont 1ift coefficient ot high Mach
nuabers. This charecteristic is the factor contributing most
to static instebility. It is caused by the inereasc in the
angle of attack of the airmplanc necessery to malntain a
constant 1lift coefficient ot supcrcritical Mech numbers.

This angle-of-nttack incrcasc reduces the download on the
tail, and thereforce the pitching-moment coefficient. (Sce
reference 6 for o further snalysis of high-specd longitudinal
instobility.)

The pitching-moment coefficient of the wing-fuselage
combineation increases with Mach number above 1ift coef-
ficicnts from 0.7 to 0.05 nt 0.65 and 0.75 Mach number,
respeetively (fis. 10). This rcduces the destabilizing
cffeect of the horizontal toil., The pressurc-distribution
results indicatce that the compirression shocl on the upper sur-

see of the wing moves forvward with incrcesing llach number
and angle of attack, which may account for the increasc of
Pitching moment. Also, thc peali-pressgure cocfficient on the
lower surface deccrcascs grcatly and moves from the MO-percent-
chord nosition at low iHach numbhcrs to at least the 60-percont-
chord position &t 0.3 Mech number. (Pressurc-distribution
measurements wore teken over only the forwerd 50 wmercent of
the chord, )
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Pitching-monent coefficient from elevator.—- The elevator

cffe tivopﬁqs for the model (fig, 1L) incrcascs slightly with
iirch number up to 0.775 at an EZCf of zero, and u» to 0.7
at rn HEVL of 0.30. Below 0.7 Hech number, the effectiveness
rlso incrcascs slichtly with M u* The decrease in the
ef?oct*anuqs nt high ilach numbers agarevates the undesirable
control choracteristics caused by the deocreasc in the elevator-
fixced pitching-moment coefficicnt (fiz. 12(a)).

The offecet off the tab on the pitching-moment cocfficicent
is 2lso shown in figurc ].1L Becing of such smell megnitude,
the varistion with i2C;, is indiscernible. It must be rcmom—
berced thet normelly the tab will prcduce o pitching-moment
cocfficicent in opposition to that of the clevator, thus
reducing the clevator offectivencss shown,

P*tchinq—romont cocfficient duc to the wing bump.- The
purpose of thwe wing bump is To incrcese the Hach numboer at
which the ulrul“qb beecomes longitudinelly unsteble (fig. 12(2)).
A Turther purpose is to alleviatce the deercensc in the elevator-=
fixed nitching-moment cocfficiont ot high Il=ch numbers. This
will reduce the upward clevator angle and the pull on the
stick rcouircd to meintein brlance with increcsing Mach number.

Thc bump was desioned to reducc the critical licch number
on the inboard lower surfecc of the wing to that of thc upper
surfece ot o 1ift cocofficicnt of 0,10, It was rcasoncd
(refercnce 7) thet the hump would dccrerss the effect of com-
progsibility on the 1ift of the center portion of the wing
svan and increasc the dovnwesh ot the toil. This would
reducc the angle of attack of the tell and incrcase the
Ultcrwnrbnowcnb cocfficicnt ot supcreriticel lMecihi numbers.

The maxinum thicknecss of the bump wes ot the SO—“o”cen t—chord
staetion. Reference 7 shows thet o bump ploced atbt th _
location had the greatest effect in rclieving lo ng:tuwlnal—
stobility difficultics ot high lYoch numbers for o twin-bocnm
low-wing mode

4

A commerison of the pitchins-momcnt cocfficicnts obtoined
from tcsts of the moécl wWith ond without thc bump is shown in
Tigure 1B, The cffceet of the bumd ot and beleow 0.7 lach
nunbir was nogl;glol-. Above 0.7 lcch number, however, the
bump increascd the nitching-moment coofficicnt. Thc bump,
therefore, increnscd (oCm/ o) gy, ,5¢c in the stability cauation,
and thus the stick-Tixed static ot bility. Figurc 15 shows
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thet the bump mokes the model stable for a Moch number as
much as 0.075 higher. Thoe eoffect of thce bump on the 1lift

. cnd pitching-moment cocfficicents with the tril off was negli-
gible.

For thc bump teste, it will bc noticed that the data arc
comparcd at ~n clevator ansle of -1°. During the latter
part of thc tests, considerable difficulty wes cncountered
with the clevator control nmechanism. At theo conclusion of
the wing-bump test the clevator angle wes mecasurcd and found
to he =19, The possibility of the angle having changed
during thc test sccome remote in light of the fact that at the
lowor Mach numbers, thc date compare so well with those
obtained for thce normal configuration at an clevator angle
of =10,

The pressurce distribution at wing station 12 with and
without the bump is shown in figure 1lo. With the bump, the
critical Mnch number of the lower surfacc is approximately
0.65, whiic that of thc upper surface is approximately 0,68.
Reducing the size of the bump to mecet the original specifi-
cetions would probably reduvcc the beneficinl effects. The
broiken lines in the pressuro-dietribution diagroms indicate
the epproximete position of the compression shock. The exact
posltion is not known, duc %o the smalil number of prossure
orifices. The critical Mach numbers of the wing at these
stations arc shown in figurc 17.

Pitching-momont coefficient duc %o auxiliary control
flaps.- Becnuse of the large dccreascs in the pitching-moment
coefficicnt at high Mach numbers with the elcvator fixed, the
upward elcevetor ongle rcouired to balance the airplanc may
become very large ond the pull on the stick excessive. The
usc of auxilisry control fiaps is n proven method of rcducing
the elevator anglc ond the stick force on scverel high-specd
cirplenes.  (Scc refercnee 7 for performnnce of auxilinry
control fleps on another sirplrone modcl.,) Auxiliary control
Tlaps, therefore, were tested on the model.

The increments of pitching-moment coefficient due to the
net effect of the auxiliary control flaps, and to their
separate effects cn the tail plane and on the wing, are shown
in figure 18. The greater part of the increase of pitching-
moment coefficient is due to the decrease in angle of attack
to maintain a constant 1ift coefficlient after deflecting the
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fleps. A small part is due to the increase in the downwash
from the inboard wing section caused by the flaps. .The effect
of the fleps on tie wing is to decrease the 31Lch=n? moment in
practically all cases shovm. This effect is DPODdle due to
the rearwvard locatlon of the flaps on the wing, this position
on the airplane being dictated only by structural reasons.

A comparicon of figures 12 and 19 indicates that deflecting
the auxiliary control flaps will keep the airplane statically
stable for 0.05 lach number higher between O and 0.15 %y,
In addition, the net effect of the flaps is to increase the
piltching-moment coefficient throuzhout the Mach number. range
(fig. 18). This characheristic reduces the upward elevator
anzle reovlred for balance. The date, however, show that in
most cases this desirable effect of the flans ig diminishing
between O 75 and 0.2 Mack number. It is possible that this
trend may con%tinue and the flaps mary be useless or detrimental
et somewhat higher Mach numbers. Bocause of their decreasing
effectiveness at high ¥ach numbers; the flaps are pernaps a
less desirable means of relieving the 1onc1tud1nal—oontrol
difficulties of the airplane than is the wing bump.

Elevator Hinge-loment Coefficient

Elevator hinge-moment coefficient with 02 tab engle.-
The elevator hlnne-mowent coefricient as o function of ele-
vator angie, Mech nurber, and 11°C; is shown in figure 20.
The ﬂrescnt: lon o? tqeuu data 18 In "earpet" form. The axes
of the curves showins the deta a2t a constant lach number are
stagrered proaoltiona1 to their respective llach numbers,
Dashed lines are drawn to connect the hince-moment ccef-
ficients for cons tent elevator angles.

) of the appendix shows thet the quantity
=0 muct be negative in order for the stick-

Eguation (
(38¢/aM) szL Ch
free stability
cuantity is neg
by the ne:ﬁt1VL
anpu_e (fig. 20). Tt

fck-free stability v
nuwbur thon ulCu—f¢kCu

cater than the stick-fixed. This

the high Ilicch numbers, as indiecated
of the curves for constmnt elevator
neg.dlvf guantity also indicates that
1
S

o
lad
6=
t
&,

ct

1o
iR O]

q m o Y,

e maintained to a higher Kech
Tabllity.

Tab effectiveness.— The effectiveness of the tab in
changing‘the elevator hince moment i1s shown in figure 21.
The eoffectiveness lncreascs slightly with elev rator angle from
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-5% to 59 and, in general, decrecases slightly with Mach
number. These variations in the effcctiveness, howcver, are
co smell as to be unimportant. The predicted control forces,
¢iscussed in a later section, indicate that the tab is suf-
ficiently effective to trim the airplanc up to at least 0.8
Mach number, the limit of the tests.

Elevatdr balrnce pressure,.— The coefficients of the
pressures acting on the belance seal are shown in figure 22,
A leak at the inboard end of the seal on the left half of the
elevator, disccvered at the conclusion of the tests, caused
the absolute magnitude of the pressure coefficicent at negative
elevator angles to be less at the inboard station. This leak
will tend to cause the calculated stick forces to be larger
than experienced by the airplane. However, it should have no
effect on the pitching-moment coefficient, and little effect
-on the speed at which the stick-force variction becomes
unstable,

Elevator Angle and Stick Force

Elevator angle and stick force as a functlon of veloclty.-
The elevator angle and computed stick force arc shown as a
function of velocity for several wing loadings and center-of-
gravity positions in figure 23, The c¢ffect of the bump on
the control force and angle is shown in figure 24, and the
effect of the auxiliary control flaps is shown in figure 25.
The deta are shown for sea-level aond 20,000 feet altitudes.
Conclusions with respect to stability characteristics similar
to these made in discussing the pitching-moment coefficients
can be derived from these data. (The increases in the ele-
vator angle and in the push recuired on the stick with
incrensing speed indicate sticl-fixed ond stick-frec stability,
respectively.) Figure 23 shows that an increase in wing
loading or a forward movement of the center of gravity
incresses both the stick-Tixed and stick-frec stability. The
results indicate that the airplane will dbecome unstable,
stick fixed, above rpproximately 530 miles ner hour at sea
level and UE0 miles per hour at 20,000 feet altitude (approx.
0.7 Mach number in both cases). The predicted effect of the
bump (fig. 24) is to maintain stick-fixed stability through-
out the speed renge of the tests at sea level and up to 530
miles per hour at 20,000 feet =ltitude. A deflection of the
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flaps gives a large increacse in the elevator angle and in the
puod reauired on the stick at all speeds (fig. 25). The data
indicate that the airplane will remain stable, stick fixed,
to a higher speed with the flaps deflected than with the
flaps up.

Fizures 26 and 27 show the effect of tab ensle on the
stick force for the normal and the wing~-bump configurations.
These data indicate that the tab is capable of trimming the
airplane up to speeds corresponding to 0.& Mach number, the
limit of the tests (aporox. 610 mph at sea level and 570 mph
at 20,000 ft altitude). The deta also indicate that stick-
free instability will occur at epproximately 570 miles per
hour at sea level and 530 miles per hour at 20,000 feet
altitude. :

Stick-force gradient.- The stick-force gradient as a
function of geometric overhang is shown for the normal center-
of-cravity locetioq in figure 28. The gradient is higher
than thot recommended 1n reference & for a limit load factor
of 4 (33 i per g) even with a geometric overhang of U5
percent. However, with the center of yraV1ty at its farthest
aft position and for a geometric overhang of 40.5 percent,
the gradient is very small except at the his ghest speed
(fig. 29). It is possible that if the elevator seal had not
leaged, the predicted stick-force gradient, although perhaps
gsatisfactory for the normal location of the center of gravity, -
might have indicated overbalance at the furthest aft position.

’ Lift and Drag Characteristics

Lift coefricient.- The lift-coafficilent data are pre-
sented as a carpet plot in figure 30. The data show that the
1ift coefficient at constant anzle of attack decreases above
about 0.69 Mach number for level-rli cht con01t10ns (1ift
00°fficients up to approximately 0.3 at O. o9 Mach number).
This Mach number is 0.05 higher thsn the critical Mach number
of the wing (fiz. 17). The lesrge decrease in oCL/da  at
supercritical Macn numnbers is one factor causing the increase
in angle of attack with Mach number necessary to maintaein a
constent 1ift coefficient. Another factor is the increase in
the angle of zero 1lift indicatecd in the figure. These
factors are largely responsible for the decrease in pitching-
moment coefficient.
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Dreg coefficient.~ The drag coefficicnt for the complete
rzodel 1g presented neg o function of 1ift coef;icient in
Tigure 31, and 28 a function of linch number in figure 32. The
incrense of drng coerficient with licch na:%er Ior thic lower
1ift coefficients begins ot 0,0 lLioch number. The drag
coefricient at tiwe lower 1if%t coelficients 1s oppro: vEely
55 percent grecter ot 0.72 (the nirmlizne is plocarded ot 0,72
nch nuoh er3 thon ot the lower lincii numbers

The drag coefficient Tor the wing clone (fig. 33) was
obtoined fro:m tests of the wing vith a thin sting replocing
the Tuselage, A comparison of figures 32 and 3% shows the
dreg coefricient of the wing (including the sting) to be chout

55 percent of the total drecg ot the lovw lach numbers and

sporoxinately 70 percent ot 0,72 llach nuuber,

The increments of drag coefficient Tor thie couponent
parts of the nodel are shcvn in figure 3L, The dstn indGiczte
thict the fuselnge drag decrenses -t the high lloch numbers,
This is probably due to the fact thict the 5“33 of thot Hort of
tie wing covered Dy the fusclage woeg elinincted shen the--
fuselage was L“ place, coasistoilt drag coefiicient was
obtoined for the wing bur: below C.55 Loch nusber, The arng
coefTicient obtroined wos of such o surcll meognitude that it

ros assuskcd to be zero,

The increzent of drag coef cwe 't due to tlie ouxilirry
con ‘“ol Tlnps ig snnﬂn in _i#hr 35. Thae increment from the
30 flops 1s apnroxizctely the safic as for the Tuselage and
cbout ono—lalf the increment Tron the U5% f1aps, The gone“al
tendency is for the increment of drag cocefficient from the
LlﬂOo to &Gecreasge at high lioch numbers, This nay be due to

the following foctors:

1. A rccuctﬁOﬂ in tue over-oll dreoo couscd b the angle—
of—nttack decrernse npcvsscwv in “wl”t'Wﬂl
COnoEuﬂL 1ift coefficient
Tlops,

]
()k
)

2., An increasc in tie criticol ilmch number of
el 2

surface of thie vring vcecouse of the increans n
the peanit pregeurc couscd by the flaps.

3. The seporation of the Tlov over the wing (partly
:espon31ble Tor the drag increment of the fleops
at low ilach numbers) o©f supcrcritical liach
numbers even in the abscnec of the flirps,
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iding velocity.- The velocity, time to descend, and

the ach number for the airplanc at severel glide angles
(fig. 36) have been computed for zero propeller thrust. How-
ever, the difference dvue to the proneller at the larger glide
anglee should be smell because the »ropeller efficiency
b’ mes smaller at high ilach numbers, and the thrust is small

compared with the weight component Jn the thrust direction.
For example, for an airplene weight of 25,000 pounds, the
thrust at normal rated nower would De only 14 Dercent of the
weight component in a 200 glide (ass sguming a bropuls_ve
efficiency of 80 percent nt 0.7 ¥ach number and 10,000 f%
altitude).

Gl
fec

The maximum velocity and lech number predicted for the
seversl gliding angles in figure 36, together with those from
similar dete for other configuratloAQ, are shown 1in flgures
37 and 38, The altitudes at which the maximum velocity and
Mach number are reached are also shown. These figures show
that the flaps could be used as dive brekes in addition to
their function of increasing the 1ift coefficient at balance.
The 30° and U5 flaps reduce the maximum predicted velocity
by 20 and 4O miles per hour, fesnectively. The maximum Mach
nuﬁber is reduced by 0.025 and OO Compering airnlane

wolghts of 25,000 =and 35,000 pound , the maximum velocity
for the heavier load is between 20 and 30 miles per hour
higher, and the maxinum Mech number between 0.025 and
0.030 larger (depending on the gliding angle). The datae
indicete that the bump has no effect on the maximum velocity
or Mach number cxcept at the higher gliding angles.

(5]
(10 H)

‘-l.

Alleron Charecteristics

Rolling-moment and hinge-moment coefficients.- The
alleron rolling-moment and hinge-momcnt cocfficients are
shown .in figure 39, The data show thet the aileron effec-
tiveness (3C1/38s) decreases at the larger aillcron angles.
The negative rolling-moment coefficlent is slightly smaller
than that shown by other date for epproximstely the same size
aileron (refecrence 9). This may be due to the low-dreg wing
scction used on the airplane.

Angle and wheel force.-~ The aileron engle and wheel
forces os functions of »b/2V, the helix ang ‘le of the path of
the wing tip, are shown in fl ure 40. The date show that the
increase in pb/2V with sileron anzle is smaller at the
higher angles. The data also indicate that the ailcron was
not powerful enough at the maximum angle tested, as the Army
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Air Forces specifications (reference &) require a pb/2V

T ot lecst C.C7. It is possible, hoxever that decreasing
pb/2V by 20 percent (see Reduction of Do nta) was 100
conservative, and that the aileron i1s slightly wmore powerful

L1 ]

then indicated.

O

The predicted vheel force is excessgive at sea level,
(Reference & specifies &0 1b as the noximun wheel force for
o pb/2V equsl to 0,07.) Althoush the force should be
snaller on the girplone du o baleance area, 1%

noy still be greater th si PCu Timit This large
wheel Torce, together with tne Gecreasing effectiveness of
the aileron ot large 2 » tricts the use of learger
control—-gurface deflec egscory to obtain the required
pb/av,
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5. Stick-frec stnbility is mainteined to o higher soced
stick-Tixel st-bility.

g data indicate that the nileron is not as effective
¢, and that the vheel force ig higher than

.
i
commended by U.,S, army specifications,

[

Acronsuticel Laboratory,
Notional advisory Comnzittee for acronautics,

loffett Field, Ceolif,;




APPENDIX

Stick-Fixed Stability Considering Mach Number
1n Addition to Lift Coefficient

The general relation for the pitching-moment coefficient

is
Cm = £(CL) + £(8e) + £(i)
or
oC g Cr
acy = aop + /S gse + (L) au
éc [ by “‘688 F 61"1'
Oe,u CL,m CL,Se

The subscripts to each derivative indicate the variables
which are held constant.

For stick-fixed stability
d.ge = O

For en airplane in steady flight at a constant altitude
and wing loading, and with the temperature remaining constant,

M3CI, = wing loading

t0 a®

= constant

therefore
4 (v ing inz -
4oy, = - Y (wing loading) ail
213
p a”™ i
and
oGy U (wing loading) oC
ac 3—) am + ~ng -08cing (- m) aM
" H70L,8e p a™? 0L’ 8¢, 1



( 10 ) _ (/50 _1> + 4 (wing loaGing)/ &m\ (1)
~e- AN = i3 ./
Gll 4.g oil p o< lis oC ar
4 CL’SS GL’SG Se,xl
Stick-Freec Stesbility Considex L“g I 1 N
in Ad7ition to Lift Goef’1 1t
From the origincl relationship

Y '/« ! -
088' c T e o CL,

The £210 rclation betweon ilach nuwiber and 1ift coeffi-
oieﬂt vwill hold as before, but Tor siiclk-free stability ddg
uill not ooral zoro, Howovern, dChC i1l equal zero,
TQ“POLOPC

dﬂm _ !’_T." ¥y 10"‘011’.‘1{: <_ éC‘_fj\ +(§_Ci1_fi.> —!
all/ ;2 =T, o e 5Cr /o qr N OIL. ?
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Figure 1.~ The complete 0.175-scale model of the airplane in the

16=foot wind tunnel.

Figure 2.~ The 0.175-scale model of the airplane with the
empennage removed.
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Figure 3.- The empennage of the 0.175-scale model of the airplane.
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Figure 4.- The 0.175-scale model of the airplane mounted on the
. tip supports and three struts.

Figure 5.~ The 46° auxiliary control flaps on the 0.175-scale
model of the airplane.
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COEFFICIENT FOR THE MODEL.
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