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NATIONAL ADVISORY COMIITTEE FOR AERONAUTICS

MEMORANDUM REPORT

g for the
Alr Mestericl Command, U.S. Army Air Forccs
LONGITUDINAL CHARACTERISTICS AND AILERON EFFECTIVENESS
OF A MIDWING AIRPLANE FROi! HIGH-SPEED
WIND-TUNI'EL TESTS

By Charles F. Hall and Robert L. lMannes

UMITARY

Wind-tunnel tcets of a 0.175-scale model of a midwing
alrplanc were madc in order to determine its high-spced longi_
tudinal charact eristics, to tcst devices for improving the
longitudinal control 2t d gh Meoch numbers, and to determine

- the aileron effcctiveness ot high Mach numbcrs.

The force and momcnt coefficients computed from thc test
. data are presentecd in this recport. The control forces, ele-
i vator angle, and ailcron anglc for scveral flight conditions
are predicted. The maxinmum specd and Mach nunber attaincd at
geverel gliding angles are estimated.

The data indicate thet, with respect to elevator-angle
variction with saocd. the 2irplenc will become unstablce at
approximntely 0.7 ch number. Two dcviees for improving the
longitudinel control — o wing-profile modification and auxil-
isry control fleps - incrceosc the Mach wwmber ot which this
instablility occurs. Thc former deviece imercosce it by as
much as 0.075 end the latter by 0.05. Hewecver, beesuse the
effectivencss of thce flaps decrcascs betwecn O 75 end 0.8
Mach number, thcir over-nll characteristics arc less favorable
than thosc of the wing-profile modification.

INTRODUCTION

At thc recouest of thc Alr Materiel Conmand, U.S5. Army
Alr Forccs, tests of o 175~scele model of a midwing air-
plene were conducted in thc Amcs 16-foot high-speced vind
tunnel.
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The purpose of thesec tests wns to determine the effect of
¥rch number on the serodynamic characteristics of the airplene
ond to find methods of increasing the longitudinal control at
high Moch numbers. The aerodynemic characteristics investi-
gated were the 1ift, drhb, andé pitching-moment coefficicnts;
the effectivencss of the elevetor, the elecvator teb, end the
alleron; and tnp hinge-moment coefl;01en“s for the elevator
and tho allero Two methods to increase the longitudinal
controcl at hlgh Mach numbers were tested. They were auxil-
iary control flaps, and o wing-profile modification designed
to lower the ecritical ¥ach number of the inboard lower
surface of the wing to that of the upper surface at 0.1 1ift
coefficient., '

The 0,175-scalc model wos supilied by the manufacturer.
The steel wing, fuselage, and cempennagc structures were
covered with :“hovﬂnj The elecvator and aileron were solid
durel. A dummy taill fairing was supplied for tall-off tests.

The elevator hinge moment was measured by an electric
resistence strain gage mounted on a cantilever arm. A small
electric motor and a slide-wire resistor coupled to the ele-
vator mechenism provided remote control and indication of the
elevator angle. Mecosurement of the slileron hinge moment was
by means of a torsional strain gege. It was necessary to set
the alleron at the desired anzle before each test. Both
gages were calibrated, before testing, by applying known
moments to the control surfaces.

Photographs of the "odol pounted in the 16-foot wind
tunnel are shown. in figurés 1 to 5§, and a drawing of the model
is shown in figure €.

The chord and span of the auxiliary control flaps (fig. 5)
werc 1 inch and 12 inches (model scele), respectively. The
hinge line was at 62.5 percent of the wlu@ chord between wing
stetions 20 inches and 32 inches from the center line. The
flops were tosted at ancles of 30° and U5,

The wing OPOf“lL modification (subsequently celled uhe
wing bump) iia Lnown in figure 7. As the bump was only O. 06583
inch thick, it wes made of balsewood, glued to the wing
gurface, and conto“”ed from tpﬁﬁlv*os furnished by the menu-
facturer.,




Hodel and eirplenc dimensions
follows:
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Model Airplane
Normel center-of-gravity zosition
Horizontal, »mercent mcen
acrodynemic chord . . « « o . . o @ emme—— 25
Verticel, inches above fusclege
reference line . . o 0 0 . . . . smeme—— 7.00
SYHMBOLS

The
follows:

dcfinitions of thc symbols uscd in this rcport arc as

’
wing ores, sauarec fecs

0
(
et

wing

rw

 Bpen, fee
span of cantrol surface x, fect

root-mcan-saucrc chord bechind hinge line of control

surfdco x, feet

angle of attack of modcl, degrces
The anglc is measurcd 7 elative to fusclage
referenco 1100,

indicated norna
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in units of greovi-

veloeiby of o~irplane, miles. por hour
veloclty of cirplanc, fect per sccond

veloclity of sound in undisturbed cir, fcet per second
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critiecal Maoech number

The liech number ot
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speed of sound is rcached
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Dynomic—Pressure and liach Number Calibration
The calibration uscd during the tests was obtainsd
-l S

ad by
a pitot-tube survey in plane perpendicular to the nzitu-

O'

(=4 )

dinal axis of the tunnel =% a 10nh1uud¢ﬂﬂl position which
coincided with the 2h-percent point of the mean serodynamic
chord of the model when in the tunnel., As the vertical struts
were in the tunnel, this rethod of calibration corrects for
il conastricting effect he suponorting sfSqu. A

calibration obtained e SU?)O;tiDg struts removed from
the tunnel was used nose. tare teste in which the model
was sunported only ng tins.

The elevator st ctilimear Ll ohth were
computed in the foll a 1ift coefficient
ealculated from the ding, ﬁlgitude, and liach
nunber, the elevator e was deternmined from the
gata, Due to the ef el well oné the supnort-
tne struts, the angl the tall of the model is
different from thzat the adgrglane, 4 In epder to
rectiry this, a corr to the 1ift coefficient in
ghch 2 monner thet € flow at the tail of the
modiel, at the corrcc cicnt, would be the scme as
that at the tail of 27 The chenge in downwash with
i coelfficient, n 0 ma tilis correction, was oppHrox-
imeted from results in refercnce 2, The stick ‘Torfpe Wae
computed using the hinge-moment cocfficient corresponding to
The elevator angle ond corrccted 1ift coefficient. In com-
puting  the StLC“ force for curved flight, & correetioll Gic The
glevator aongle because of the domping moment of the tall
(reference 3) and o corrcction to i 1ift coefficicnt beccusc
gi e ciiange in Ghe anglec of Tlow the taill ‘were made.

HaeNsthilck force for ClOVﬁbO“ bclance areas othor than
e creo tcstcd on the y 7oe computed, The balance-—
pressurc cleulate the increment 01 hinge-
menient c tile increase in the balahce
sifen and

Btick forces for configurations other than the norsial
Were caleuloated by addiang to the Dreviously &cﬁcrmiruo clevator
ahgle on increment to balance the »nitching-moment changes due
i@ ‘\the configuration chc . The hinge-moment OOleiClcnﬁ
gorresponding to this corrcctcd cloveator anglec was used.
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Except when noted otherwise or when the control angle
is one of the variables, the data for the figures have Deeno
obtained from tests of the model with all controls set at 0%,

Pitching-lioment Characteristics

s % & Sy
Significance of 1°Cr.- A relationship between lI*C; and
n nd altitude is shown both

wing 1oading, normal acceleratiocn, and
Pqul cally and algebraically in figure &, The equation for
t of sneed and to remain constant

3CT shows 1t to be independent of
for any selected wing Ging, normal seeeleration, and
eltitude, assuming the alr temperature does not ch;pfe. (The
velocity of qowné‘ o 1is = Tunction of temperature only.)
Because of these facts, the quantity 1i2%C;, has been used as
& parameter- in presenting the pitehing-moment coefficient as
& function of Iiach number,

In figure 9, uhe 1ift coerfficient and ilach number are
shown for constant lI°Cy; velues, In wdCition, the meximun

1lift coefficient ODbhlﬂCL from tests of the model with the
empennage off is shown, thus indicating the maximum 1i%Cz, volue
possible for the airplane., Tests to LCtCT“ ne the maximun
1ift coefficient were m;@r 1ith the empennage on and off,
However, because the pitching-moment coeff 101pnts at the naxi-
mum 1ift coefficients with the er nna off were ncarly zero
(fig, 10), thereby closely appro balance conditions,

these datsa viere uscd,

Pltohlnv-nomont cocfficicnt for omaphrage on and off,-~ The
plehlPP—ﬂOmbﬂu coefficients Tor the model with the empennage
removed are shown in figure 10, and vith the empennage on, in
figure 11. The cffect of ach number on the stick-fixed static
longitudinal stabllity is presented in figure 12, Figure 12(a)
was obtained by cross-plotting the data in figure 11, The
slopes of the curves in figurc 11, at the 1ift coefficient
corresponding to the sclected 120 values, were plotted in
figure 12(b). i

Figure 12(b) gives thc usual derivative associated with
static stabllity. It is scen that below an M=Cy of 0,30,
this derivative is almost twicc as large at 0,8 ilach number as
at the lower ilach numbers. This indicates a doubling of the
8tability. It nust be renm iembered, ﬂOTCICI, that this derivative
was ovtaincd by considering the linch number constant.
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A stablility derivative in which the Mach number is held

constant docs not completely represent flight conditions, for <
in flight a change| of 1ift cocfficient usually causes a

chonge of spced and Mach number. Therefore, in presenting

static stability cheracteristics, the effect of Mach number

as well as of 1ift, .on the uLucqvl -moment cocfficient should

be included. This| is especially truc at high Mach numbcr

for the pitching-moment coefficient is more affected by hQCh
nunber than by 1ift variations. The combined effects of Mach
number and 1ift varistions on the pitching-moment coefficient

arc indicated in figure 12(n). A positive slope of the curves |
indicates that o climbing momont results for an increasc of
llech number and correcsponding decrcase of 1ift coefficient.
The climbing moment tends teo increase the 1ift coefficient,
decrease the lach number, and return the airplane to 1its-
original flight condition, thus providing stick-fixed static
longitudinal stability. Conversely, a negative slope lndi-
cates an unstable condition.

The sloncs of the curves in fisure 12(a) are related to
the constant liach number stability derivetive (fig. 12(b)) by §
the following ecuation, the derivation of which appears in
the appendix:

(dcm> - /écm‘} + wing loading /‘écm y
N g5, SOH oy s pa® M3 N 0L’y 5.

Subsequent discussions of stability in this report will refer
to the left-hand member of the equation.

It will be noticed that the derivetive (- 5Cm/5CL)y Se
=

is the prcdominent fector influencing st vtic stability at low
Mach numbers beccausc of the factor l/l in the last term.
With incrcasing Mach number its influence diminishes. This
fact is shown by a comparison of figures 12(a) and 12(b). At
high Mach numbers when (-8Cm/dCL)u 80 hps its greatest
valuc, figurc 12(a) indicates sticklfixcd on:;uudinal insta-
bility. The ccuation also shows thet an incrcasc of wing
londing or altitude incrcoscs the stability, assuming other

factors to remein constant. In add 1oloq wsqumwn, the ele-

vator effecctiveness remains constant, 80y, /62E) M20L,, 8¢ is

closely welsted to Ghe warietion of clfvauol angle with speced.

This veriction is commonly uscd in the anclysis of flight-test J
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results 28 an indication aof stlok—fifoc gtatic stability.

The deta of figure 12(a) indicate inst blllty hove 0,7
ach number between 0,025 and ..0.10 X #Cp. Thes data are
for the center of gravity ﬂt 25 percent of the mp n aerody-
nemic chord. A rearwerd movement of the eenter of :r<V1uy,
by reducing (~&Cp/oCL):- , would increcase the static insta-
bility and rcduce the FadA number at which the airpleane
becomes unstable.

pjer)

Figure 12(b) shows that below 0.7L Mach number
= oCm,éCL)” ,8g 18 positive f0“ 21l center-of-gravity positions
back to 40 percent of the mean aerodynamic chord. Also
figure 11 indicates that bblow 0.7 laech number (éCm/6M5GL,89

1s either positive or just slightly negative for 1ift coef-
ficients below the stell. Stotic stebility is therefore
assured at the lower Mach numbers even with the center of
gravity at the estimated farthest aft location.

The pitching-moment coefficient contributed by the hori-

zontal tail with the elevetor fixed (fig. 13) undergoes o

arge decrease for constant 1ift coefficient at high Mach
numbers. This charccteristic is the factor contributing most
To static instability. It is caused by the increase in the
angle of attack of the airplanc necessary to maintain a
constant llfu coefficient 2t supercritical Mach numbers.

This angle-of-attack incrcosc reduces the download on the
tall, and therecfore the pitching-moment coefficient. (sce
refovcﬁco 6 for a further snalysis of high-speecd longitudinal

Astobility. )

ment coefficient of the wing-fusela

The pitching-mo
es with Mech number above 1ift ooef-
(@]
t

combination increas
ficicnts from O. 7 to 0.05 ot 0.65 and 0.75 Mach number,
Pespeetivoly (fM ) This rcduccs the destabilizing
effcct of the horizontel teoil. The ‘_bocuru—dwstrloutlon
ésultes indicate tam tac compression shock on the upper sur-~
face of the wing moves forward with inecrcasing liach number
and engle of attack, which may account for thec increase of
pitching moement. Also, the pealz-pressure cocfficient on the
lower surface dccrcascs grcatly end moves from the Lo-nercent-
chord position at low linch numbecrs to at lecast the 60-percent-
chord position at 0.8 Mach number (Pressurc-distribution
measurements were token over onlv the forwerd 60 wercent of
the chord. )
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Pitching-moment coefficient from elevator.- The elevator
cffcetiveness for the model (fig. 1) incrcascs slightly with
lirch number up to 0.775 at an M®C;, of zero, and up to 0.7
nt on 520, of 0.30. Below 0.7 Hech number, the effecctiveness
»1lso incrcascs slichtly with M*°Cy. The decrease in the
effectivencss 2t high ilach numbers ?ggﬂnvztps the undesirable
control charccteristics caused by the decreasc in the elevator-
fixed pitching-moment coefficient (fiz. 12(a)).

The effeet of| the tab on the pltchlnﬁ—momunt cocfficiend
is also shown in fig Jurc 14, Being of such smell magnitude
the varistion with| ¥°C; 18 indiscernible, It must be T GrCm—
bercd that normally tﬂo t b will produce =z pitching-moment
cocfficicnt in ODUOSlthﬂ to that of the c¢lcvator, thus
reducing the elevetor cffectiveness shown.,

Pitching-momcnt coefficient duc to the wing bump.- The
purpose of the wing bump 1s to incrcese the Hach number at
which the airpleane becomes longitudinelly unsteble (fig. 12(a)).
A further purposec is to alleviate the decrcmse in the elevator-
fixed pitching-moment coefficicnt et high liach numbers. This
will reducc the upward elcvator angle and the pull on the

stick reauircd to meintain balance with increasing Mach number.

¢ bump was desizned to reducec the criticel Mach number

on tn inboard lower surfocc of tho wing to thot of the upper
suvfﬂcc at o, 11ft poefficient of 0.10. 1t was rcasoned
(rcference 7) the t| the bump would decrecasc the effect of com-
nressibility on the 1ift of the center portion of the wing
span and increasc the downwesh at the tail. This would
reducce the angle of attack of the tail and increasc the
U1t0h1Wt~no went cocfficient at supcreriticel llach numbers

The maximum thickness of the bump was at thc 50-pcrecent-chord
station. Reference 7 shows that a bump placed at this
locotion had the greatest effect in relieving longitudinal-
stabllity difficultics at high lMech numbers for a twin-boom
low-wing model.

A comperison of the pitching-moment cocfficicnts obtained
from tecsts of the model with and without the bump is shown in
figure 15. The effect of the burv ot and below 0.7 Mach
nunber was necgligible. Above 0.7 Mech number, howcver, the
bump increascd the 01bch1na—nom“nu COCL?lCiLnt The bump,
therefore, increased ( Cp/ o) L,50 in the stabillity equation,

and thus the stick-fixed sta t1c ot bility. PFigurce 15 shows
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thet the bump mokes the modcl stable for a Mach number as
much as 0,075 higher. The effcct of the bump on the 1ift
ond pitching-moment cocfficicnts with the tr~il off was negli-
gible.

For thc bump tests, i1t will be noticed that the data arc
comparcd at ~n clevator angle of -10, During the latter
part of tho tests, considerable difficulty wes cncountered
with the clevator control mechanism. At the conclusion of
the wing-bump test the clevator angle was measurcd and found
to be -10, The possibility of the angle having changed
during the test sccms remote in light of the faet that at the
lower lach numbers, the date comparc so wcll with those
obtained for the normal configuration at an clevator angle
of -10,

The pressurc distribution at wing stetion 12 with and
without the bump is shown in figurc 16. With the bump, the
critical lMech number of the lower surface is approximately
0.65, while that of the upper surface is approximetely 0,68,
Reducing the size of thc bump to meet the original specifi-
cations would probably reducc the beneficial effects. The
broken lines in the pressurc-dietribution diagrams indicate
the approximete position of the compression shock. The exact
pegition is not known, duc to the small number of prcssure
orifices. The critical Mach numbers of the wing at these
stations are shown in figurc e

Pitching-moment cocfficient duc to auxiliary control
flaps.- Bccausc of the large deccreases in the pitching-moment
coefficicnt at high Mach numbers with the elcvator fixed, the
upward elevator angle rcouired to balance tho alrplane may
become very large and the pull on the stick excessive. The
usc of auxiliary control flaps is a proven method of reducing
the elevator angle nnd the stick force on scversl high-speed
alrplanes. (Scc rcfercnce { for performonce of auxiliary
control flops on another cirplone modcel. ) Auxiliary control
flaps, 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
séparate effects on the tail plane and on the wing, are shown
in figure 18. The greater nart of the increase of pitching-
moment coefficient is due to the decrease in angle of attack

to maintain a constent 1ift coefficient after deflecting the
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flaps. A small part is due to the increase 1n the downwash
rom the inboard wing section caused by the flaps. The effect
of the flaps on the wing is to decrease the pitching moment in
nraectically all cases shown. This effect is probably due to
the rearwvard location of the flaps on the wing, this position
on the airplane being dictated only by struotural reasons.
A comparison of flmures 12 and 19 indicates that deflecting
the auxiliary control flaps will keep the airplane statxcally
stable for 0.05 Mach number higher between O and 0.15 M 07,
In addition, the net effect of the flaps is to increase the
pitching —monent coefficient throughout the Mach number range
(fig. 12). This characteristic reduces the upward elevator
angle recuired for balance. The data, however, show that in
most cases this desirable effect of the flaps Ws diminishing
between 0.75 and 0.8 lach number. It is possible that this
trend may continue and the flaps may be useless or detrimental
at somewhat higher Mach numbers. Because of their decreasing
effectiveness at high Mach numbers, the flaps are perhaps a
less desirable means of relieving tne long i tudinal-control
difficulties of the airplane than is the w1n7 bump.

Elevator Hinge-Moment Coefficient

Elevator hinge-moment coefficient with 0° tab angle.-
The elevator hinge-moment coefficient as a function of ele~
vator angle, Mach number, and 1?0y, is shown in figure 20.
The presentation of these data is In "carpet" form. The axes
of the curves showing the data at a constant Yach number are
staggered nrovortlonal to thel” respective Mach numbers.
Dashed lines are drawn to connect the hinge-moment coef-

ficients for constant elevator angles.

Equation (2) of the appendix shows thet the quantity
GSC/du pch Che=0 must be negative in order for the stick-

free stability to be greater than the stick-fixed. This
cuantity is negetive at the high Mach numbers, as indica ted
by the ne:ﬁtwvc slopes of the curves for conot nt elevator
engle (fiz. 20). This negative quantity also indicates that
sticlk—-free stability will be mainteined to a higher Mach
number then stick-fixed stability.

Tab effectiveness.— The effectiveness of the tab in
changing the elevator hinge moment is shown in Floure 21
The effectiveness increascs slightly with elevator angle from




£ -5° to 5° and, in general, decreases slightly with Mach
. number. These variations in the effectiveness, however, are
so small as to be unimportont. The predicted control forces,
discussed in a later section, indicate that the tab is suf-
ficiently cffective to trim the airplanc up to at least 0.8
Mach number, the limit of the tests.

Elevator bclaonce pressure.— The coefficients of the
pressures ascting on thC balance seal are shown in figure 22.
A leak at the inboard end of the seal on the left half of the
elevator, discovered at the conclusion of the tests, caused
the absolute magnitude of the pressure coefficient 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 variation becomes
unstable.

4 Elevator Angle and Stick Force

. Elevator angle and stick force as a function of velocity.-

g The elevator angle and computed stick force are shown as a
function of velocity for several wing loadings and center-of-
gravity positions in figure 23. The e¢ffect of the bump on
the control force and angle is shown in figure 24, and the
gfrect of the “uxﬁliﬂ”y control flaps is shown in figure 25.
The data are shown for sea-level and 20,000 feet alt ;itudes.
Conclusions with respect to stability characteristics similar
to those 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
increasing speed indicate stick-fixed end stick-free stability,
respectlvcly ) Figure 23 shows that an increase in wing
loading or a forward movement of the center of gravity
increases both the stick~-fixed and sticlk-frec stability. The
results indicate that the airplane will become unstable,
stick fixed, above approximately 530 miles per hour at soa
level and U&0 miles per hour ot 20,000 feet altitude (epprox.
0.7 Mach number in both cases). T"m predicted effect of the
bump (fig. 2L4) is to maintain stick-fixed stability throush-
out the speed rengc of the tests at sea level and up to 530

£ miles per hour at 20,000 feet altitude. A deflection of the




a larze increace in the elevator angle and in the
red on the stick at all speeds (fig. 25). The data
2t the airplane will remain stable, stick fixed,

speed with the flaps deflected than with the

)
D)

Figures 26 and 27 show the effect of tab angle on the
stick force for the normel and the wing-bump configurations.
These data indicate that the tab is capab¢e of trimming the
airplane up to speeds corresponding to 0.8 Mach number, the
limit of the tests (rp,;o“. 610 mph at sea level and 570 mph
at 20,000 ft altitude). The data also indicate that stick-
free 1nuumbll;tv will occur at approximately 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 ovemldu” is shown for the normal -center-
ofufravity lOCmuiOﬂ in figure 28. The gradlent is higher

than that recomrended in reference § for a limit 1oad factor
of W (EE l% ner g) even with a »eowotric overha of L5
percent. F0vevev with the center of gravity au 1ts farthest
aft nosition and for a geometric overhang of 40.5 percent

the gradient is very small except at the highes t sveed

(*15. 29). It is possible that if the elevator seal had not
leaked, the predicted stick-force gradient, although. perhaps
gati sf\ctory for the normal location of the center of gravity,

might have indicated overbalance at the furthest aft position. -

Lift and Drag Chearecteristics

Lift coefficlent.- The lift-coefficient data are pre-
sented as a carpet plot in figure 30. The data show that the
1ift coefficient at constant angle of attack decreases above
about 0.69 Mach number for Lch¢—f'1~1t oon01tlon (1ift
coefficients up %o approximately C.3 at O,u9 Mach number).
This Mach number is 0.05 higher then the critical Mach number
of the wing (fig. 17). The large decrease in 0Cp/oa  at
supercritical Mach numbers is one factor causing the increase
in angle of attack with Mach number necessary to maintain a '
constant 1lift coefficient. Another factor is the increase in
the angle of zero 1lift-indicated in the figure. These
factors are largely responsible for the decrease in pitching-
moment coefficient.

-
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Dreag coefficient.—~ The drag coeffleolent for thie comnplete
sodel 18 presented as a function of 1LIiTERCocT T IETETE 1
figure 31, and cos o function of llach number in figure 32, The
increcose of drag coeffilcient with ligch BEEDeDNT O *“o lower
1ift COCLfiCLGHt“ begins ot 0,0 lachh muftier, “ELHES A
coefficient at the lower ]ift coefficients 1is opproxinately
2 (t

b Ypercent greoter at 0.7 he cirvleone is placardea at 0,72
Ifach number) than ~%t the lower E cii nunbers,

The orcg coefficient Tor the wing clone (fig. 33) was
obtained from tests of the wing 1ith a thin sting replacing
the fuselage., A coaparison of figureg 32 and 33 shows the
drag coefficient uf the wing (including the sting) to be about
b ercent of the tal Qr“g at the low llach numbers and

approxinately 70 perceut ot Dal LCCJ nuober,

The increnents of drag coefficient for the couponent
parts of the nodel are shown in figure 34, The data indicate
that the fuseloge CGrog decreoses ot the high liach nunbers,
Thls 1s probably due to the fact that the HLMg ot thotipart of
the wing covered by the fuselage was elininated when the--
fuselage was in place. No consisteilt drag coefficient was
obtained for the wing bums below 0,65 llach number, The dreog
goelfrlcient obtcined was of such o smell megnitude that 1t
wae assuned to be zero,

1 11-—1 -1 l -,l)-r-

-

ﬂ'*c to the
nent from t;e

coqu“o" Tlaps 18 s n The iner

)O Thapes is apyroxinat for the fuselage and
about one-half the iner 50 flops., The general
tendency is for the incren ; coefficient fron' the
WEaDE to decrcase at hlgh llach nuni This nay be due to
the following foctors:

ls A reduction in the over-all dreg ccused by the angle-
of-attack decresnse neccssary in amgintioining a
constant 1ift coefficient after uef1eculug

flaps.

s An incre in the critical liaeh number of the lotrer
surfoce of the ving beccuse of the increasse in
the pe pressurc couscd by the flaps.

3. The separation of the Tlov over the wing (partly
responsible for the drag increncnt of the flaps
at low llach numbers) ot supcreritical llach
nuzbers even in the cbsence of the Tlepse,




18

Gliding velocity.- The velocity, time to desccnd, and

-

the lMach number for the airplane at several glidec angles
(fic. 36) have becn computed for zero propeller thrust. How-
ever, the difference due to the propeller at the larger gllde
angles should be small because the nropeller efficlency
becomes smaller at high lfach numbers, and the thrust is small
compared with the weight component in the thrust direction.
For example, for an airplane weight of 25,000 pounds, the
thrust at normal ra*ed DOWETr would De only 1 bercent of the
welght component 200 glide (assuming a propulsive
efficiency of 80 percent ﬁt 0.7 Mach number ané 10,000 ft
altitude).

The maximum velocity and Mech number predicted for the
several gliding angles in fiwure 36, together with those from
similar deta for other confivu tioas are shown in 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
th-Lr function of increasing the 1ift coefficient at balance.
The 30° and U450 flaps reduce the maximum predicted veloclty
by 20 and 40 miles per hour, respectively. The maximum Mach

number is reduced by 0.025 ﬂdd 0.045, Comparing airplane
weights of 25,000 end 35,000 pounds, the maximum velocity
for the heavier load is between 20 ‘nd 30 miles per hour
higher, and the maximum Mach number betwecen O. 025 and
0.030 1ﬁrcer (depending on the gliding angle). The data
indicaete that the bump has no effect on the maximum velocity
or Mach number cxcept at the higher gliding angles.

Allevon Gharacterigtics

Rolling~-moment and hinge-nomen efficients.- The
alleron rolling-moment and blnve—momunt cocfficients are
shown in figure o) The data show thet the aileron effec-
tiveness (0C1/08g) decrcases at the larger ailcron angles.
The negative T*ollln"-rno"qcnt coefficient is slightly s mallcr
than that shown by other data for approximately the samo glze
aileron (refecrcnce 9). This may bL due to the low-dreg wing
gection used on the eirplane.

Angle and wheel force.- The aileron angle and wheel
forces os functions of 3b/2V the helix angle of the path of
the wing tip, are shown in ficure 40. The date show that the
increase in pb/2V with aileron anzle is smeller at the
higher angles. The data also indicate that the aileron was
not powerful enough at the maximum angle tested, as the Army
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APPENDIX

Stick-Fixed Stability Considering Mach Number
in Addition to Lift Coeff 1clent

The general relation for the pitching-moment coefficient

is
Cm = £(CL) + £(85e) + £(11)
O
a0, = (%) ac +'/Egﬂ) &s Cyy au
= NSL A o Bo Lo 4 TEE G
Se, CL, M CL,be

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

For stick-fixed stability

58@ = O
For an airplane in steady flight at a constant altitude
and wing 1oadlng and with the temperature remaining constent,

¥3cp, = Wing loading _ ., ctant

30 a?
therefore

4 (wing insdd. .

a0y = - L (wing loading) a
p a” M®
and
3¢, - . . aC
ac_ - f) o 4 (wing loading 43 m &
& CL,ae 0] 8'9-. CL Il
,
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Figure l.~ The complete 0.175-scale model of the airplane in the
16=foot wind tunnel.

[

\

Figure 2.- The 0.1765-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.

NACA
AAL
5560

Figure 5.~ The 45° auxiliary control flaps on the 0.175escale
model of the airplane.
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(a) M=0.30 o O.65
LFIGURE .- THE VARIATION OF THE PITCHING-
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FOR THE MODEL.
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FIGURE 3I.—THE DRAG COEFFICIENT AS A
FUNCTION OF LIFT COELEFFICIENT FOR THE
MODEL.
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FIGURE 32—~ THE DRAG COEFFICIENT IN RE-
LATION TO MACH NUMBER FOR THE COMPLETE
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