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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT
for the’

Alr Materiel Command, U.8. Army Alr Forces -

EIGZ-SPEED WIND-TUNNEL TESTS OF A 1/6~8CALE
MODEL OF A TYWIN-ENGINE PURSUIT ATRPLANE
"By Victor M. Ganzer . '

SUMMARY .

At the request of the Alr Materiel Command, U.8. Army
Alr Forces, a 1/6-ecale model of @ tin-engline Hureult alrplane
wvas tested in the Ames 16-foot high-epéed wind tunnel. The
maln Durpose of the tests vasg to invertlgete the posaibllity
of high-speed diving difficultles with this ailrnlane and to
find remedies for them. 3

Mort of the data were obtalned in force teate, although ;
fome preerure~Cistribution meaeurementes, elevator hinge moments,
and wake furveye were aleo made. )

The teste showed that the ajirnlene with the original 230-
geries wing will experlience rerioues ¢iving moments above 1ift
coefficiente of 0.5 at a Hach number of 0.65, and 0.1l at a Mach
number of 0.725. - '

_ Modificatione to the fuselage, boormd, and the >rofile of
the wing center-eectlon -roved ineffective in alleviating the
diving tendency, .but the substitution of a 66-series wing for
_the original 22Q-serlee wing increased the speed to ‘which ‘the
alrplane ocould go before encountering rerioue diving moments

by a Mech number of 0.07 (50 mmh at 20,000 feet).

o . - INTRODUCTION: o
. The model wA® furnished by the minufacturer.. The airplane

le a twin-eniiné, twin-boom, two-place pursuit similar in
configuration %o the airplane in reference 2. Two wings were
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provided: an NACA 230-series wing and an NACA 66-series wing.
The purposes of the test were:

l. To investlgate the model for high-epeed diving tend-
encles and to investigate possible solutions to
any difficulties that might appear

2. To investigate the airplane rodel for maneuvering
and pull-out lifts

3¢ To inveatigate elevator hinge moments and elevator
effectiveness, perticularly at high speeds

4., To compare airplane model characteristics with the
230-geries and the 66-series wings

5. To investigate the relative positions of wing vake
and tall beceuse of thelr bearing on tell buffeting

APPARATUS
todel

A three-view dravwing of the model is shovm in figure 1.
Flgure 2 shows the nodel mounted in the wind tunnel.

The 230-serles wing oconalsted of a plywood skin fastened
to a bullt-up steel spar. Designeting the spanrise location
of wing sectlomby the statlon as measured in inches on the
model from the model center line, the wing from wing station O
to- station 36.67 had a constant-chord MACA 23016 profile set
at an angle of incidence of +2° to the fuselage reference line.
The tip gection (rring station 67.83) was an NACA Wl12 gection
set at 0Y to the fuselage reference line, giving a geometrical
washout of 29, Straight-line elements jJoined the two sectlons.

The 65-series wing was eimlilar in cohstructlion to the
230-series wing except that solid mehogeny was used in place
of the plywood. NACA 66, 2-116 gsection set at an angle of
incidence of +1-1/2° was used from wing station O to statlon
36.67, and an NACA 66, 2-216 section set at -1/2° to the
fugselage reference line vns used at statlon 67.83, also giving
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a geometrical washout or p0." Both w1ngs"had the same plan fornm
and area. — - e __- . T

Filgure 3 showe thp plan form and aection of a-third wing
modification which wae effected by .means of a glove fagtened to
the origlnal 230-eeries wing. . .

Two gsete of booms wera provided, designabed in thia report
as the "large boome" and the "emall boome." The outlinse of
the two sete of booms are shown in figure 4. The booms were
constructed of mahogany bolted to steel backbones. The large
booms were used in the standard configuration. The emall boome
were the eerme se the large boome from the Prestone radistors
aft, but had a emaller croese eection at the wing and haé flllete
betveen the wing and boome. The oil-cooler lunstalletlon on the-
rmall booms wes aleo different in that the frontal area of the
boomse was reduced And, on the moéel, there wrs no mrovision for
alr to pass through the oll coolere. Boom Accesgroriee conelgted
of Preestone rediatore, oil coolers, and turbosuperchargers.
There waag alrflovw uhrouah the Preetone redietorn.

The fuselage rshown 1n figure 1 wae used for all excedpt one
run vhen the modificetion shown in figure 5 was used. The
fuselage waes conetructed of mahorany and vae bolted throueh the
ving.' Fueelage accermsories conslsted of two turretes with guns.
In thle report, "fuselare" denotes the clernn condltion of the
fuselage, without turrete.

The stabilizer snd clevator *ere constructed of eoilid
aluminunm alloy with steel hinges and lead counterwelghts. A
modified inverted 23010 section was used for .the stabllizer.
The elevator wes hinged snd wae held in w»Hositlon by two steel
armeé extending. forward from the elevator hinge line into the -
booms. Upon the uvwer and lower surfaces of esch of theee arms
vere mounted wlre etraln gages, which were cellibrated by means
of weights on a lever to read elevator hinge moment. BStabillzer
anglee were +2° for the tests with the 230-series wing and .
+2.250 for ,the teste with the 66-series wing. Fins and rudders
were made of solld brase with no movablo parte.

Preesure orifices were ot W1nz etation 9.6 (between the
fuselage asnd boome), 'at wing etation 28.85 (outboard of booms),
and elong the top of the fuselego where the sherp curvature
ocourred,.




¥ind Tunnel and Equipment

The tests were run in the 16-foot hich-speed wind tunnel
at Ames Aeronautlcal Laboratory. The tunnel has a circular
test section, and has a slngle return. Preseure orifices were
connected to mercury-in-glase manometers which were photo-
graphed. %Yake surveye were made wlith a callbrated pitot-
static pitch-yaw head mounted on a survey strut. Forces and
momente were measured on automatle balancing and recording
scales. ' :

RESULTS
Reduction and Corréction of Data

The following tunnel-wail correctlions were applied to the
test resulte (reference 1):

Ax (deg) = 0.629 Cr,

ACD = 0.01097 C¢?
Ay = 0.0155 Cy,
The results ere expregsed in the followlng: fornma:
CL 11ift ocoefficient (L/q8)
Cp drag coefficlent (D/q8)
Cm - pltching-moment coefficlent (M/qSc)
CHe elevator-hinge-moment coefficient (hinge moment/qSgce)
8 prescure coefficlent '
{total Dressure - éocal atatic nreanure)

Ber preasure coefficlent at which the local veloocity
reaches the veloclty of sound

q free-gstream dynamic pressure (#pV?3)

Qw d in the wake of the wing or fusslage



a angle of attack corrected for tunnel-wall effscte
M Mach number -
R Reynolde number

The'f0116W1ng dimensione were ueed in computing the
coefficients;

8 . wing area, 16.67 :square feet

o mean aerodynamic chord, 1.525 feet
Be elevator area,-0¢9Q3.equare feot
o elevatorlchord, EJS inches

Pitching :moments are ex»ressed sbout the 31l.Z-percent
point on the mean aserodynamic chord ss shovn in figure 1.

Drag and -itching-moment tares wvere taken from the NACA
test remorted in reference 2, No buoyancy or uonflow correctlions
heve been mede to the data. The drag data should therefore be
used for com»erlieson nurposes only.

Preaentation of Reesulte
The test results esrc nresented in tho following groups:
(1) Bulld-up and modifications with the 230-gerles wing:

Figures 6 through 14 show the results of force and
preasure measurementes for the nodel with the 230 wing
ag verlous unlts werc added and modiflcetions made.
*ith the fueelage off, the »ressure et wing stations
9.6 end 28.85 were alike, hence pressure coefficilents
for only one statlion are shown.

. A .
(2) Bulld-up with the 66 eeries wing:

Plots elmllar to those described in (1) are included
in figures 15 through 19 for the 66 wing. '



(3) Elévatof effectivenesa with the 66-seriea wing:

Figure 20 showe the change in »ltching-moment
coefficlent ACy  resulting from elevator defleotions at
various 1ift coefficients and Mach numbere for the 66
ving., "ith the 230-gserlees wing on the _rodel, elevator
eifectiveneep st elevator engles to —4° agreed with that
shova :' ’

() Elevator hinge moments with the 230-geries wingt

Figurea 21 and 22 show the resulte of elevator hinge-
moment teate with the 230-geries wing on the model. With
the 66-aeries wing on the model, elevator hinge momente
ag elevetor anglea of 02 and. -3 5 agreed with those
shown.

(5)- Wake poeltions and flow anglee at the teil:

Figures 23 through 26 show the relative woeitione
of theé tell and the vake, the slze' of ‘the wake, the ratio
of 4 1in the wale to q outelde the wrke, and the flow
angles at the tall for both the 230 and 66 wings.

DISCUSSION

Diving Cheracterietice of the Complete
Alrnlana ¥ith the 230-Serles YWing

The rapid decrease in the 1ift coefficlent of a wing at
congtant angle of atteck as the rheed lncreaegee beyond the
eritical emeed 1rf attended by 2 reduction 1n the sngle of down-
wash behind the *ing. An exemnle of thia drop in 1lift coeffi-
olent cen be eeen in figure 10(c). Thie reduction in dovnwash
angle cruees en incresge in %he angle of atteck of the
horizonterl tmll, whilch 9roduces a diving moment on the
alrplane. If n conptnnt velue of the 1ift coefflolent were
meintained, the engle of atteck *ould have to be increased at
epeeds atove thc critical. Ae an exroole, from figure 10(Db)
at a Mach nurzber of 0.675 the model agtaineé s 11ft coefficlent
of O.L vith an sngle of attack of 1.1 while at a Kach number
of 0.72 en engle of atteck of L.2° wae neceseary - an increase
of 3.2 8ince the aversge dovnwash angle 1s constant with
oonstant 1ift coefficient, thie increesse in the angle of
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attock:of the model produces a corrésponding incréase in the
angle of..attedk .of the tall, which fesults in a diving moment,
Whether .at .constant .11ft coafflcient or conatdanf angle of
attrok,.a diving moment ‘aan be expaoted when the oritical
speed of the wing. is exceeded, ,It.18 possible that the
performance range of an alrplane might not . encompass this
condition, but with the present trend toward -more speed and
higher wing loadings,. it is to be_expeg¢ted that this danger-
ous divipg océndlblon.could be present.: It-1s:poselble that
in flying en alrplene.with this characteristig, a pilot could
get .the airplane into a high-speed dive from wiich he"could
not rscover, .The principel oblect of these tests waa to’
determine the cheracteristics of the airplane in this high-
speed region and to attempt to correct any dlfficulties found.

Figure 10. shows the results of the test of the complete
model with the 230-geries wing, The ourves showlng the varil
ation of nitching-moment coefficlent rith Mech number at
constant values of ths 1lift coefficient indicate the condi-
tipns for which dlving tendencies were present at high speed,
For instance, according to the pitching-moment curves in
figure 10(e), at a 11ft coefficlent of zero there was no large
chenge in pitching-moment coefficient as Mach number increased,
but at a 1ift coefflcient of 0,1 'a marked decrease in the
pltching-moment coefficient ocourred at Mach numbers above
0,725, Henca, it cen be sald that a "usable" 1ift coefficient
of 0,1 was avallable at a Mach number of 0,725, Similarly,

& usable 1ift coefficlent of between 0,2 and 0,3 wras avallable
at a Mach number of 0,7. BSince these 1lift coefflclents permlt
only small accelerations, 1t 1s desirable to increase the
usable 1ift coefficlent at diving and maneuverlng speeds.

Effect of Fuselsge and Accessorles

The portion.of the wing between the boome undoubtedly has
more effect on the horizontel taill, which is betireen the booms,
than.do the outer portions of the wing. The oritical speed of
any wing can ba affected by bodies such as s fuselage and -booms
placed upan the wing due to the changs in pressure distribution
over ,the wing.near the .body, Tho model-:was tested without the
fuselage and accessories and was then tested with thesé ltems
in place.in order to determing the effect on the - gdeed and 1ift
at which diving moments ocourred. Figures 27 and 28: show the
results for both wings. In eesch ocase, the fuselage alone had a



detrimental effect in that 1t caused the pitching-moment
curves to break at about 0.025 lower Mach number for corre-
sponding 1ift coefficiente. The boom accessories 11c1ud1ng
Prestone radlators, oil coolers, and turboaupereﬂargers
little effect but the turrets on the fuselage neutralized the
adverse effects of the fuselage itself and caused the charac—
terietica of the complete airplane to resemble those of the
wing, booms, and tail. _

The effect on the 1lift coefficient and the minimum drag
coefficlent of adding the fuselage is shown in figures 29 and
30. At speeds above the critical, a loss of 1ift lsg indlcated
becauee of the fuselage., The increment added to the minimum
drag was practically constant up to a ¥ach number of 0.675,
%here the drag started to rise, but increased as the Mach
number increascd sbove the value.

The preesure plots in figure 8§ indicete & high peak
pressure on the top of the fuselage Just forward of the wing
leading edge. It wae thought posalble thet this pesak pressure
could cause compresribllity shock to occur on the upper sur-
Tace of the wing at an excessively low epeed which might have.
8 detrimental effect on the 1ift and thue contribute to the
" dilving moment. The canopy was revieed, as shown in figure 5,
to reduce thie pressure peak. Figure 31 indlicates that the
revieion had a detrimentel effect on both the high-speed .
Pltohing momente and the high-sgpeed dreg. Thies effect could
have resulted from moving the nresesure »Heak, even though :lower
in magnitude, back to a point where 1t added to the ving
presesures end ceused comnressaibility effiecte to occur earlier.

Effect of Reducing the Cross Sectlion of the Booms

The purpose of the small booms wae to reduce the cross—
soctional ares along the wing intersection in an attempt to
reduce the interference between thne ving and boome and thus to
t:pregerve the 1ift and piltching-moment coefficlents to a higher
speed. Flgure 32 shows that the reduction in boom eize had no
beneficlal effect on pitching moments but reduced the minimum
drag coefficient by 0.002 at a Mach number of 0.3 and by 0.003
at a Mach number of 0.6. Some of ‘thie drag change was
Pprobably due to the revision of the oll-ccvoeler lnstallation
vwlith the eattendant reduction in frontal area snd to the frot -
that on the model there was no air flow through the oil



soolers on the small booms.
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Effect of the Glove on the Wing Ganter Section

Plots of the normal force coefficlent Oy from the
integration of the preseures separately on-the lower and upper
gurfaces of the 230 and 66 wings showed that the downward
normal force on the .lower surface inoreased 'more-rapidly with
Mach number than did .the upward force on- the upper surface, thus
giving a reduction in net 1lift even when the 1ift on the upper
surface 'was st1ll inoreasing (fige. 33 and 34). If it were
possible to keep the downward force on the lowgr eurface from
increasing with Mach number, the 1ift could be maintailned to a
higher speed which would preserve the downwash angle and remove
the cause for the diving momenta to a higher speed. In an
attempt to accomplish this improvement, a wing sectlon was
deelgned by the manufacturer to have poeltive nressures
relative to the stream pressure over a grester mart of the
lower surface of the wineg. The glove, as shown in figure 3,
was instelled uelng thls seotion. The effeot of the glove on
1ift coefficient and pltching-noment coefficlent is shown 1n
figure 35, and on normal-force coefficlents in' figure 36.
Since there wae only a glight increase in 1ift coefficlent at
speeds ebove the critical ané elnce the nitching-poment curves
broke at spproxirately the same Mach numbers as wlthout the
glove, the improvement due to the glove was not large enough
to be of »nractical value.

Effect of Chenging to the 66-Series Wing

Figure 37 shows a comparieson of the resulte for the 230
and 66 wings with regard to 1ift and pitching moment. Figure 38
shows. the 1ift coefficlent avallable before the moment curves
"broke, the maximum 1lift coefficilent, and the 1ift coeffloclent
required for level flight at various altitudes. The break in
the moment curves 1s coneidered the limiting condition on the
11ft coefficlent avallable for flight and maneuvering, for even
though more 1lift coefficlentes were avalleble at higher angles of
attack, the pllot might have difficulty producing the pltching
moment necesesary to atteln these angles. This -criterion will be
less applicable as Mach number decreases because the moment
differences wlll decrease direotly in proportion-tothe deoreased
dynamic pressure. Figures 37 and 38 ehow the superiority of the




10

66 wing over the 230 wing. At Mach numbers greater than 0.55

an ilncrease in the critical Mach number, ae determined by

moment-ocurve break, of about 0.07 (50 miles per hour at

E0,000 feot) 1s avalleble at 1ift coefficlents of 0.3 and
688

The maximun 11ift coefficlent with the 66-sories ving was
0.33 lower than that with the 230-serles wing at a Mach number
of 0.2. Toeta with and without the fuselnge showed that, at
thie scele and speed, the interference effecte on maximum
111t coefficient due to the fuaselage werse nerliglble. Figure
39 shows the teet Reynoléds number variatlion with Mach number
for the nodel. At a Mach number of 0.2 the Reynolds number
was only 1,900,000. References 3 and® L indicate that the maxi-
munm 1ift coeffiolents of 66-maries eirfoils are low at low
Reynolda numbers, but thet they commare favorsbly with maximum
11f% coefficlents of conventlonal wings st hlgher Reynolds
numbere. Testes at larger Reynolés nurbere but at the same
Mach numbers (corresponding to ‘approech and landing speeds)
are necessary to wredict the maximum 1lift coefficlent of the
alrplane in flight, y

+A .comparigon of the drag of the compnlete model.with the
different winges is shown in figure UO. At Mach numbers of 0.6
end .greater, ‘the 66 wing cave a lower drag at all 1ift coeffi-
olents while at. lower speeds the 66 wing wae superior at 1ift
coefficiente of O.4 and lees. with the drsg curves orossing at
that point. It ie possible that the 66 wing would show to even
greater afvantage, erpecinlly at high 1i1ft coefflcients, if
the temst Reynolds number were more nearly equivalent to
Tlight Reynolde nunmbers. '

Due to the high wing loading of this airplane (60.5 pounds
per square foot), it is believed that further improvement could
be realized if more camber were bullt into the 66-serieas wing.
The wingz teeted wee cambered for e 1lift coefficient of O.1.
Figure 3% rhows that in any condition except a dive the air-
Plane requires a hicher 1ift coefficient than 0.1, =nd 1%
wouléd therefore be desireble to design the wing for e higher
11ft coefficient, Thié increase in cacber rhould extend the
usable lift-coéfficient rrnce of the airnlane and should also
show s béneficirl result on maxirum 1ift coefficient, allowing
more 1l1ft for maneuvering at hi~sh eneed, and improving the
landing characterietice over the 66-series winz as tested.
Figure L0 shows that the 66 inz was superior to the 230
wing with reepect to eubcrliticel drazr coeffilcients 2t 11ft
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coefflolents of at least $0.2 from the 1ift coefficient of 0.1
for_which the 66 wing was cambered. Any increase in 1ift
ooefficient by meand of fdded.chmber should ralese the 1ift
coefficient at which thie drag saving is available to values
more in keeplng wilth the level~flight 1lift coerfiuients for
this alrplane.

The 66~eerieée wing ae tested on the model was merodynam-
loally emcoth and the Reynolds number wae lov, which are ldeal
conditions for the malntenance. of laminar flow. Since the
- actual alrplane would have the. turbulence due to the propellers
and the incressed Reynolds number, these 1deal condltions
would not exiet and the trensition point between laminar and
turbulent flow might- move forward. Tale forward movement
would cruse some chenge in the charpcterietiocs of the wWings
In an attempt to determine the effect of moving the transition
noint forwara an extreme oaae was tested on the nmodel. Transi-
tion was fixed with number 60 osrboruncux at the 1lO-vercent-
chord point. Figure L1 ehows the reaulte of thie teat. There
waAR a detrlmental effect on 1ift, wmerticulsrly in the low 1lift
range where this winhg ordinarily had laminar-flow characteris-
tics, and the -Hltching-moment curvee broke more eharply but at
the same Mach number as wlthout traneslition. 8Since the device
of arbitrarily fixing the traneition with carborundum is not
ncceaearlily directly commereble with the normal treneition on
the full-eorle esirplene, theee resgults may not accurately
represent flight conditionse. .

FElevetor Effectivenens

Flgure 20 showa thet for the rsnge of 1ift coefflclents
covered in thile test the elevator effectivenere wae eacentially
conatant with epeed. Howevar, the fact that the elevator
remaina effective doeer not 1ndicate that the pilot couléd pull
out of a high-epeed dive without difficulty, ag' the salrplane
becomes extremely atable at high emeed end an elevator deflec—
tlon which would allow the pllot to pull out of a dive at speeds
below the oritical would have must lese effect et speeds above
the oritical. An examnle of the indresee in. gtability with
speed 1s ehown in figure 10(b).

Elevator Hinge Moments

Difflculty was experiencéd in the measurement of hinge
nomente with the eledtricel strain gages in that hysteresls was
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inc¢loated in the zero readinge before and after a run. For
thle reason the absolute velues of the hinge-moment coeffi-
clonte cannot be relied upon, but any large variation of
hinge-noment coefficlent with Mach number could be detected.
No such variation wes found. .

Walkke Positions at the Tail

The weke aurveys (figr. 23 through 26) show that the tall
wag 1n the wake of the fuselage et all conditlons of the test.
At attitudes and apceds correeponding to level flight the tall
vag not in the wake of the winz. However, at an angle of
attack of 5.5° and s Mach nucber of 0.60 the wake of the 230
wing .Ancluded the tall, snfé at the erme angle at a Mach number
of 0.65 the wnke of the 66 ving also inocluded the tails
These .rttitufes and sneeds night be attsined in accelerated
flizht. Yake meraurements ghown in reference 2 indlicate
that the wske would widen conelderably if the asneed were
increaesed nbove a Mach number of 0.65. It is possible that
the . waike might widen to include thé tall at attitudos corre-
sponding to unaccelerated flight 1f the eneed were ilncreaesed
ebove that investlgated in these surveys. Bince conditions
are condueclve to tell buffetinz vhen tiie 6211 1s in the wake
of the wing ~nd fueelage, 1%t 1a concluded that under certein
confitione it ie voarlble that the alrnlane wlll experience
buffeting.

CONCLUSIONS

1. At 1i1ft coefficlients corresponding to level flight,
the. 1liniting enceds as deterninel by the development of
ungatigfactory diving moments range from s Mach number of
0,65 (432 miles per hour at 40,000 feet altitude) to 0.73
(555 miles wer hour at ses level).

: 2. Substitution of the 66-series winzg for the original
230-aseriee wing resulted in an increaee 1n the allowable dlving
epeed and the 1lift coefficlent aveilable for maneuvering at

high epeed. '

3. Elevator effectivenese wae essentially constant at
all speeds, but the stabllity of the airplane increased
rapidly at speeds ambove the criticel.
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4. Elevator hinge moments did not show any erratic
characteristica at high apeed.

5. At level-flight speeds and attitudee, the tall was
above the wake of the wing, but wae in the wake of the
fuselage for all conditions of the test. Above the critical
gpeed, the taill wae in the wake in some accelerated flight
condltions. A% higher gpeeds than were included in the wake
surveys, 1t le possible that the teall might be in the wake even
in unaccelerated flight. Other experience indicates that taill
bﬁifetlng i1s 1likely to be encountered when the tall 1e in the
weke. N

Ames Aeronauticel Laboratory
Natlionel Advieory Gommiftee for Aeronautilcs,
Hoffett Fleld, Callf.
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Figure 3~ Modification of the 230/6 wing section.
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Figure 4.— Oullines of the large and small booms.
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(a) Mach number 0.3 through 0.65.

Figure 6.~  Characteristics with 230 wing, large booms.
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(b) Mach number, 0.675 through 0.75.

Figure 6. — Continued.
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(a) Mach number, 0.3 through O.65.

Figure 7.- Characteristics with 230 wing,
large booms, tail.
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(b) Mach number, 0.675 through 0.75.

Figure 7— Continued.
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(c) Variation of G ,C ,and Gy with
Mach number.

Figure 7.— Concluded.
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(a) Mach number, 0.3 through O. 65.

Figure 8.~ Characteristics with 230 wing, large
PLAN booms, fuselage, tail.
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Figure 8- Gontinued.
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0.675 through 0.75.
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Figure 9.— Charac teristics with 230 wing, /large
booms, fuselage, all accessonas.
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(b) Mach number, 0.675 through 0.75.

Figure 9.— Continued.
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(a) Mach number, 0.3 through 0.65

Figure 10— Characteristics with 230 wing, large
booms, fuselage, all accessories, !tail.
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(b) Mach number, 0.675 through 0.75.

Figure /|0~ Continued.
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(b) Mach number 0.675 through 075.
Figure //.- Continued.
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(c) Variation of G, Cp, and Cy with Mach

Figure /11—

number.

Concluded,
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(a) Mach number 0.3 through 0.65.

Figure 12~ Characteristics with 230 wing, small
booms, fuselage, all accessories.
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(b) Mach number 0.675 through 0.75.
Figure /2~ Continued.
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(a) Mach number, 0.3 through 0.65.

Figure /3.~ Characterisics with 230 wing, small
booms, fuselage, all accessories, tail.
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Figure /13— Continued.
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(c) Variation of G ,Cp, and Gy with Mach
number.

Figure /13— Concluded.
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(b) Varration of G, with angle of attack at Mach
numbers of 0./ through O0.6.

Figure /4.- Continved.
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(c) Mach number 0.65 through 0.725.

Figure /4~ Conltinved.
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(6) Variation of Cy with Mach number.

Figure /14.- Gbnfinued.



S UPPER SURFACK

s-_iP UrPPER SURFACE”

O —— g — 9=
/ e —\Loh/é‘,? SerpsACE
X
N= 3
e é i Lo
[~] 20 <0 [-17] 8O (o] qJOo Jo?
G CHORL INIAe STA36 B Cmwoer MG Sra. 9.6
a x
{ 3
) UPBEN LDURCACE
|
—_— S .
—
=
— ~
2 \\g
LR
M. 6
<O 0 ) — 123
Doy CAIOAPL) h///,,, S L. 6 Yo Ceratsd WA, D74 s
ST UrerR SURFACE Lt
—~X
— X P
~—ce —_— - _ —
il TR
- T~ 6% 8 X e
~a — 2N X T,
=== . %

— X

/"‘Y\
N LowER ScRIacs

NV

2o <0 &o =0
o CHORD IING STA 3.6

xaob
Q
W QN

& L S 50 fe)
T gk ISP S A €

LV

NLTIONAL &DVISJAT
FAUMITIFS FIR AEHINEZUTICS

(f) Wing pressure distribution at various
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Figure 14.— Concluded.
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(a) Mach number 0.3 through O0.65.

A o Figure /5.~ Characteristics with 66 wing, large booms.
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(b) Mach number 0.675 through 0.75.

Figure /5~ Continued.
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(c) Variation of G, Cp, and G‘h with
Mach number.

Figure /15.- Continued.
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Figure /6~ Continued.
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(a) Mach number 0.3 through 0.65.

Figure |7.— Characteristics with 66 wing, large
booms, fuselage, tail.
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(b) Mach number 0.675 through 0.75.

Figure 17.- Conltinved.
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(c) Variation of G, Cp, and Gy with
Mach number.

Figure |7— Continued.
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(d) Wing and fuselage pressure distribution
at Mach numbers 0.3 and 0.5,

Figure I7.— Continued.
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(a) Mach number, 0.3 through 0.65.

Pran L\-'\J Figure /8.~ Cbaracteristics with 66 wing, large
booms, fuselage, all accessories.
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Figure /I8— Continued.
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(c) Variation of G, Cp, and Cy with
Mach number.

Figure /8.~ Concluded.”
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(a) Mach number, 0.17 through O, 65.
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l::/ Figure /9.— Characteristics with 66 wing, large
?
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(b) Variation of C, with angle of attack at Mach
numbers o)‘ O.17 through 0.65.

Figure 19.— Continued.
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(c) Mach number, 0.675 through 0.75.
Figure /9.~ Continued.
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() Variation of Gy with Mach number.

Figure 19.- Concluded.
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(a) Angle of attack, - 4.1°

Figure 22.~ Vatiation of pitching moment and a/évafor hinge
moment with elevator angle; 230 wing, large booms,
fuselages, all accessories, tail.
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Figure 23~ Wake position at tail; 230 wing, large
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for average tunnel!/ conditions.
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