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MEMORANDUM REPORT

for the

Air Material Gommand, U, S. Army Air Forces

THE EFFECTS OF A HIGELY "AMBERED L V—DRAG YING AND OF

=t

LUXILIARY FLAPS ON TEE HIGH-SPEED AFRODYNAMIC
CHARACTERISTICS OF A TYIN-ENGINE PURSUIT LIRPLSHE MODEL

By 'VidtOr ¥, Ganzer

SUMMARY

This renmort »regsents the results of tests of a model of
a twin-engine »ursult sirplane, Two wings were invegtigated,
an NACA 230-series wing 2nd a highly cambered NACA 66—serics
wing. Auxiliary control flans were tested in combination
+ith each of the wings. T

Data showing the comwarison of the high-sepeed aero-
dynamic characteristics of the model when ecuipped with
each of the wings, the effect of the auxlliary control flaps
on the aerodynamic cheracteristics, and the elevator effec-
tivenees for the model with the 6é-series wing are presented.

INTRODUCTION

A model of a twin-engine nursult airplane was tested
previously in the high-speed wind tunnel at the kAmes hero-
nauticel Laboratory to determine,- among.other things, the
relstive merits of an NACA £20-series wing and an NaCA
6€-geries wing cambered for an optimum 1ift coefficisnt of
0.1 at the root {refercnce 1). Results of that investipo-
tion led to the belief that a more highly cambered fé-series
wing might ertend the usable Mach number range for the air-
plane even more than did the low—cambered wing.



Tests of 2 similar eirmlsne model at high cpeed 1ndicated
that auxiliary control flans vere effective in producing forces
and moments tending to null the 21irplane out of higk—smeed
dives (reference 2). It was desired to determine if such
euxilisry control flags would te effective on the model reported

~on herein and, 1f so, the ontimum location of the flaps.

The specific mwurnoses of the present 1nvestipation were
ag followg:

1. Tc compare the high-apeed aerodynemic charscter—
istics of the model having an NACA 230-series wing with those
of a model having a highly cambered NACA 66—:eries ving

2. To determine the effectiveness, in »roducing’ pull-
out forces 2ni moments, of auxiliary control flaps in combin-
ation with the 220-series ving

3. To determine the effectiveness, in »roducing »ull-

)

out forces snd moments, of auxiliary oont“ol flaps 1 con¥ine-

stion with the highly cambered Gé—geries wing

4, To determine the variation of elevator effectivenesa +

ith Mach number for,the model ecuipped :rith tha hiphly cem—
bered £6-series ving , ‘ j

The investigztion was conducted in the Ames l6-foot high-~
speed wind tunnel at the recuest of the Air Material Ccmmand,
U, S Army Air Forces,

LPFARATUS

A description of the model trith the NACA 2Z0-geries 7ing
and the large booms mey be found in reference 1. The large
booms were used in 211 of the nresent tests. « A three-view
draving.of the model ie shown in figure 1 and a photogreph of
the wind-tunnel setup in fipure 2. Some of the pertinent
dimensions are given in the folloring table :




230-geries - Highly cambered

wing ..~ 6Eb-geriesg wing
Wing ares, 80 T veeverosnessseess 16,67 - 16467
Meaﬁ aerodynamic chord, fte.ieeess 1525 . | 1.525
Horigzontal tall srea, R : - '
e T o veo  3.623 3.623
Elevator area, sa ft......... ;....2-0.908 0;903
Tail length, 25 percant M.A.C. ._ . ’
to elevator hinge line, ft...... .979 e bo79
Wing section (constant chord | : ,
S part of Wing)ie.ee.iiiiiiennn. .. NACA NACA 66,2-416
Wing section, tip (2.17 in.
inboerd from wing tip)........., NACA - NACA 66,2-616
: o g “(a = 0,5)
Incidence, constant chord ° |
vart of "ring, degreeS..c...v.cee 2 0°
A Incidence, tip 8eCtioni i varerons 0% 0°
Stebilizer Ancidences. ... eeeevee 20  0° and 2° (noted

in figures)

, Esch of the auxilisry control flansg had a span of
12 inches and a constant chord of 1,%2 inches (10 percent
of the M.A.C.). The outboard flaps were mounted just
coutboard of the booms,. as shon in figure 3; the inboard
flaps between the booms 2nd the fuselage. The hinge line
wag located at the various chordirise positions noted in the
figures., The flap angle indicated was the angle between
the flap =nd the lorer surface of the wing.

SYMBOLS
Symbols used in this renort are defined as follows:

\ free-gtream velocity, feet per second



}.’i. A‘ G.

Cmc.g.

Cn

D
+Cr

" Mach number

‘ ‘ . _ .
free-gtream dynomic pressure (%p A ), pounds
per sauare foot '

/ v
\ velocity of sound

Ting ares, square feet

mean nevodvnamic chord, feet

1ift coefficient <]ifﬁ\

- £3 04 ira
drag coefficient <=E§£9'

pitching-moment coefficient

pitching moment about the center of gravity
aS M.A,.C.

gection normel-force coefficient

section normal. ﬁo?cé\
oqc B J

( Pogitive -rhen actin” uDTarc )

section chora feet

angle of attack measured from the fuselage reference
line, degrees

increment of 1ift coefficient due to the evtﬁnsion
of the auxiliary flavns

inoremﬁnt of drag coefficient due to. the extension
of the aux 1119”y flaps

increment of pitching-moment coefficient due to the
extension of the sruxiliary fleps or to the deflec—
tion of the elevator

pressure coefficient

<1ocal static pressure - free—stream static nressure)
. d

velue of P 2% which the local velocity reaches the
locsl velocity of sound




- Mer value of ¥ at which the local velocity reaches the

locel wvelocity of sound

Se elevetor deflection, dexrees (Positive when the
trailinz edze moves dovi. )
. r
it etabilizer ancle of 1nciaence degrees (mens""eo
Tron the uaelaze reference line.)

.z acceleration of rravity, feet »er esecond wmer second
Bubecrints
U uprer surface
L - lower eurface
REZSULTS

Correction of Data

The game tare forceec egnd momente and tunuel- "an CorTeC-
tiong were amnlied to the date as were used in the arevious
rennrt on the model (reference 1). ”He tbnﬁeT—'all Correc-
tlone were as followe:

Ancle-of-attack correction (deg) = 0.629 Cr

Drap—-coefficient correcticon = 0.01097 Cp2

Pitchine—moment-coefficient correction = 0.0155 Cy
- No correctioas for flow inclination or conetriction
were annlied.

Pregentation of Resulte

The resultes of the force and Hresgsure measuresmente on
the compnlete model with the 230-series wing and with the
highly cambered 6Gb-geriee winw are fouad in figures L to 10.

\N



Data nbtained from tests of auxiliery flaps on the g
230-series wing are found in flgures 11 to 19 and from tests
of flaps on the 66-series wing in figures 20 to 27.

Data obtained from tests with the elevator deflected and
from tests with the two stabilizer angles are shown in figures
28 snd 290

DISCUSSION

Comparative -Characteristics of Model with NACA 230-Seriee
Wing and of lodel with Highly CJambered NACA €6-Series Wing

As shown in refercnce 1, the increase of static longitu-
dinal stability, the shift of the 1ift coefficlient for balance
at constant elevator angle, and the reduction of the maximum
1ift coefficient at gpecds above the critical seriously limit
the speeds to vwhich the alrnlane with the 230-series wing could
‘be dived safely, The substitution of a 66-geries wing, cambered
for a 1ift coefficient of Q.1 at the root, oxtended by ajpproxle - . #
mately 50 miles per hour the gpesd at which pull-outs from dives
could be made without these changss of stebility and 1if% coeffil- |
cient for balance; but the maximum 1ift cociliclent was consld-. .
erably reduced at the test Reynolds numbors, 1t was suggested
in reference 1 that a more highly cambered 66-serles wing should
make e greater maximum 1ift coefficient avallaole than did the
low-cambered 65-series wing, and might further increesee the
speed from which normal pull-outs from dlves could be madc,

The 1ift, drag, and pitching—moment characteristics of the
model with the 230-series wing and with the highly csrbered
G6-series vwing are shown in figures I to 6. As indiceted in
referance 1, high-spced longitudinal-control difficulties zrise
meinly from the increase of stafic longltudinal stability and
the decreasc of the 1ift coefficient for balance as the critical
Mach number is exceeded, Ficure U(a) shovs tiat the static
longitudin~l st-bilitby, ~3C0m/3Cr, of the model with the
230-gorice wing, increased from 0,085 at = tlach romber of Oou9l
to approximately Col7 ot a Mach number of 0,747, en increase of
L50 percent. Through the same Mcch number renge the L1ft coeffi-
cient for balsnce with the elevator neutral decreased from O.7
to 0,17,




The model equipped with the highly cambered 66-series
wing experienced an increase of static longitudinal stablil-
ity of only about 60 percent when the Mach number increased -
from 0,491 to 0,747 (fig. 5)e This lesser change of stabil-
ity should make the airplane with the highly cambered wing
more controllable at high Mach numbers than it would be with
the 230-series wing, The substitution of the 66-series wing
algo reduced the change of balance with Mach number., With -
this wing the 1ift coefficlent for balance ‘decreased from
O.6E at a Mach number of O.491 to 0,3 at a Mach number of

Figures 7(a) to 7(d) compare, directly, the aerodynamic
characteristics of the models equipped with the two wings.
"It is evident from figure 7(e¢) that at 1ift coefficients of
0.5 and 0,7 .the highly cambered 66-series wing resulted in
less drag at high Mach numbers, while at a 1Yt coefficient
of 0,1 (fig. 7(b)) the model equipped with the 230-series
wing chowed less drag. -Figure 7(d) shows that the model
eculnped with the 66-series wing attained higher Mach numbers
before marked changes in the 1ift coefficient for balance or
the static longitudinal stability occurred, egnecially at
1ift coefficients of 0,3, 0.5, 2nd O.,7; these changes 1n
1ift coefficient and stability are indicated when the pitch—
ing-moment coefficient for a constant 1ift coefficient
diverges sharply. : ' ’

Preggure distributions over the 66-series wing are
shown in figure &; pressure distributions for the 230-series
wing may be found in reference ls, Flgure 9, which shows the
critical Mach numbers of the wings as determined from the
pressure distributions, illustrates the fact that the critical
gpeed of the highly cambered 66-series wing was greater than
that of the 230-series wing at positive angles of attack,
The difference amounted to an increase of critical Mach
number of about 0.125 at an engle of attack of 42 or to about
90 miles per hour at 20,000 feet altitude.

Figure 10 shows a comparigon of selected character-
istics Ffor the 230-series wing, the low-cambered 66-series
wing (reference 1), and the highly cambered 66-series wing,
The Mach number at which the pitching-moment coefficient
begins to decrease, when plotted as in figure 7(d), is
considered the limiting usable Mach number; because 1f this
Mach number were exceeded the decrement of the nitching-moment
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coefficient (coupled with the increase of static longl- -
tuéinsl etability) would make pull-ocuts from dives difficult.
Tre model, when -equipped with thes highly cauberzsd €Eé-geries .
wing, had a higher limit of usable Mach numbers at 1ift coefri-
clents above 0,1 +than i1t did whén equipped with the 230-series
wing, and a higher limlt for 1ift coefficjents -above 0,6 than
did the modal when equipped with the low-cambered 66-series
wing. The meximum 1ift coefficient at a -Mach number of 0,6
with the highly cambered 66-series wing was egpeclally note-
worthy, being about 1,34 as compared %o 1,1 for the 230-series
wing and 0,89 for the low-cambered 66-series wing (fig. 10),
Thege meximum 1ift coefficients correspond to the following
normel sccelerations at varlous altitudest - ' :

+

_ _Moximum acceleration,g, M = 0,6,

: [}
i Altitude |Highly cambered , 230-series | Low-cambered B
(rt) E€~geries wing ‘wing | 6Ef-series ving |
G, 000 A 2.0 i 1,83 | 1,08 i
30,000 3e7( | 2493 23] S
= 20&00 : . 2, T : &025 T i . 306 .
15,000 .57 : 6. 70 | .50

his additional meximum 11ft cosfficient is especislly valu— .~
able for = high-altitude fighting airplane which may be -
required to develop large acceleratlions at high speed..

Auxiliary Control Flaps in Combination
With the 230-~Series Wing

Wind-tunnel tests of other models (reference 2) indicate
‘that suxiliery control fla=ps of thec type used in this test
usually cause forces and moments to be developed which pro- .
duce positive normel accelerations, The results of refer-
ence 1 and of the present tests indicate that the alrplane
will develop moment and stebility changes at high Mach numbers.
which will oppose recovery from high-speed dives. The use of
auxiliary control flaps should provide additional control for
recovery from such dilves, ' :

Exnerience indicstes that the use of flaps on the wing
near the center of the spen mey result in tail buffeting'and
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shaking., Because of this consideration, mogt of the flaﬁs
tested in this investigation were installed outboard of the
booms where the wing wake would have less effeect on the tall,

Ficures 11 to 16 show the additional pitching—moment
‘coefficlent and drag coefficient which resulted from the
flaps at various locations, Using the criteria that the
requirement for auxillary control flaps is the development
of positive (climbing) moments when the flaps are deflected,
an analyeis of the figures indicates that the 20-percent- -
chord location is the' best location for the outboard flaps,
and that a 45° flap opening gave almost as much additional
pitching moment as d1d the 60° opening., Lift, drag, and
pltching--moment characteristics of the model with the out-
board U5° auxiliary flaps at 20 nercent of the wing chord
are presented in figure 17, and wing and flap pressure distri-
butions are presented in figure 18, The figures show that
at low 1ift coefficients positive pitehing-moment-coeffi-
cient increments of as much as 0,1 may be expected from the
use of these flaps, Assuming that the deflection of the
flape would have no effect on the floating angle of the
elevator and using the data pressnted in flgures L(a) and
17, 1f the airplane were trimmed in a steady glide at a
Mach number of 0,747 at 20,000 feet altitude (O, aporoxi-
mately O.14), the extension of the flaps would produce a
normal acceleration of about 1l,9g with no force on the stick,

Seetion normal-force coefficients with the flaps
retracted and with the flaps open are nlotted in figure 19,
These coefficients were obtained from the pressure distri-
butions, The actual magnitude of the coefficlents may be
subject to some error, as the complete pressure distribu-
tions were faired from data obtained at only six polnts on
each surface of the wing, Hovever, the data show thet the
total section normal-force coefficients increased markedly
when the ‘flaps were deflected, especially at the higher
Mach numbers and, as one would exnect, the flaps affected
the pressures on both the upper and lover surfaces of the
wing. The data from force tects also show an lnereerse of
the effectiveness of the flaps at the high Mach numbers
(fig. 11), |



10 - R S )

AAuxiliéry Control'Fléps'in Combination With #
the Highly Cembered 66-Series Wing

Tests ‘'of auxilisry control flans outbosrd of .the booms
ocn the highkly cembered 66-geries wing showed that negative
(diving) moments resulted from the flaps at high Mach :
numbers, rather-than the desired climbing moments (fig. 20),
Figures 19 2nd 22 to 24 shew that -the effect of the outboard
flang on the section norumal-force coefficlent, on the total
1ift coefricient, and on the moment of the wing wes quite.
gimilar for the 230-series wing and for the highly é=mbzared

6-gseries wing; hence 1t is surrrising that the -effectiveness
of the flaps .in producing positive pitching moments was not .
similar, It 1s possible that the difference in flapn effec-
tiveness was due to. 2 difference in their effect on the down-
gash at the tall resulting from g difference .in 1ift distri-
ution,

The auxiliary control flaps mounted inboard of the booms
on the 66-eeries wing pave the éesired climbing momente. Data
obtained from tests of inboard flaps at geveral flap angles
are shown in figures 25 and 26, end. the 1ift, drag, and pitch-
ing moment charscteristics of the model with the inboard flaps -~
at 30 percent chord at 30° are shown in figure 27. ThHe climb-
ing moment with the inboard flaps was undoubtedly due to the
increased downwash at the t211 caused by the increase of 1ift
coefficient on that part of.the wing -just ahead of the tali.

Elevatdr-EffectivenesS'r

The effect of elevator deflection on the pitching—moment
coefficient was determined for the model eaquipped with the
highly cambered 66-seriee wing., The results of the tests with
the elevator deflected are found in figure 28, The effective-
ness of the elevetor decreased sg the Mach number increassed
above 0,7. The elevator effectiveness as determined vith the
2%0-geries wing on the model did not decreserse annrecisbly as
the Mach number exceeded 0.7, as is shown in referenne 1, No
- reason for the logs of elevator effectivencss wlth the b6-series
wing on the model 1s readily anparent, espeo;ally since *the
stabilizer effectiveness dCp/ditx did not chenge apnreciably
ag the Mach number increased (fig. 29).
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CONCLUDING REMARKS

1., The high-speed aerodynamic characteristics of the
model were improved by the substitution of a highly cam-
bered NACA 66-series wing for an NACA 23F0-series wing
especially with regerd to the maximum 1ift coefficien% at
Mach numbers of about 0.6 (L.34 for the 6f-series wing as
compared to 1,1 for the 220-series wing), and the 1ift
coefficient svailable for pull-outs from high-speed dives
(0.56 for the 66-series wing as compared to 0,18 for the
220Zseries wing at 2 Mach number of 0.7)e

2. The use of suxilisry control flaps on the 230-gseries
wing, either outboard or inboard and outboard of the booms,
resulted in forces and pitching moments wnich would tend fto
pull the sirplane out of high—speed dives, The test results
indicated that the extension of the outboard flaps at 20 -
percent of the wing chord to an angle of 450 would produce
a normel acceleration of about 1,9g from a steady glide at
a Mach number of Q,75.

3. Auxiliary control flaps inboard of the booms on the
highly cambered 66-series wing were effective in producing
forces and moments tending to pull the airnlene out of high-
speed dives, but flaps mounted outboard of the booms were
not effective, -

I, The elevator effectiveness when the model was
equipped with the highly cambered 66-series wing decreased

as the Mach number increased above 0.7 .

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif,
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Figure 2.- The 1/6-gcale model mounted in the 16-foot wind tunnel,




Figure 3.- View from below of the outboard 60° auxiliary control
flap at 20-percent wing chord.
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