MR Oct. 1942.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY [ISSUED
October 1942 as

Memorandum Report
INVESTIGATION OF DIVING MOMENTS OF A PURSUIT AIRPLANE
IN THE AMES 16-FOOT HIGH-SPEED WIND TUNNEL
By Albert L. Erickson

Ames Aeronautical Laboratory
Moffett Field, California

J P L LIBRARY
BhUFW{ ih\ INSTITGTE OF TECHNOLOGY

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

A65




NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Materiel Command, Army Air Forces
INVESTIGATION OF DIVING MGMENTS bF A PURSUIT ATRPLANE
IN THE AMES 16-FOOT HIGH»SPEED_WIND TUNNEL .

By Albert L. Erickson

~ SUMMARY

“A pursuit-type airplane encountered severe diving moments in
high--speed dives which make rscovery difficult. TFor the purpcse of
investigating these diving moments and finding means for their
reduction, a 1/6-gcale model of the airplane was tested in the
16-foot high—speed wind tunnel at Ames Aeronautical Laboratory. The
test results indicate that up to a Mach number of at least 0.75, the
limit of the tests, the dive-recovery difficulties tan be alleviated
and the longitudinal maneuverability improved by the substitution of
a long symmstrical fuselage for the standard fuselage.

1

INTRODUCTION -

A pursuitl airplane developed powerful diving moments in high-
\speed dives, and these moments have made recovery from high-speed
dives very difficult. The difficulties have been discussed in
reference 1, and they have been investigated in the full-scale wind
tunnel and in the .Z-foot high-speed wind tunnel at Langley Memorial
Asronautical Taboratory (referenqes 2, 3, and k).

At ths request of the.Army Air Forces, a model of the airplane
was tested in the 16-foot high-spsed wind tunnel at AAL. The purpose
cf these tests was to extend the range of the previous high--spesd
tests with a view toward devalopiﬁg'méans for eliminating the diving
difficulties and improving the maneuverability of the airplane at
high speeds. ‘A number of fuseclage shapes, several changes in the
span load distribution, bulges and spoilers 'on the wing and fuselage,
and o modification of the wing center—section profile were tested.



APPARATUS AND METHOD .
The 1/f—scale.ti p—mourted model used in the 8-foot hlgh—speed
wind tunnel at ILMAL (reference 2} was modified by the addition of
wing tips and fitted with trunnion-support fittings in the booms for
mounting the model on struts. Refsrence 5 shows details of the model.
Stings were attached 18 inches back of the strut trunnions, asishown
in figure 1, for countrolling the angle of attack. A pitot survey
head was used to explore the air flow in the region of the tail. This
head measured the total and static prassures and the pitch and yaw
angles of the air stream. In thoss of the nfesopt tests wherein the
cffects of drooped. ailerons and partially extended Fowler flaps were
studied, the ai ilerons. and flaps were simulated. by split flape having
chords apprqx,matelv 30 percent of the wing chord at each gpanwise
station. In addition to the tests with the standard airplane wing,
the model was tested using a wing with revised twizt. Excent for the
twvst, this revised wing was idsntical to the standard wing. The
twist was changed only from.the boom- center lines outboard so that
ths angle of attack re lative to the standard wing was increased from
0” at the boom center iines to 3° at the station where the rounding
of the wing tips started.

RESULTS
The data in this report have been corrected for tunnel-wall
effects, and approximately for tare drags and tare moments. The
moment center was 3.23 inches vertically above the trunnion point
with the airplane in the zero angls—cf-attack attitude. TUpflow or
downflow with the strut supports in place has not been evaluated.
A elight upflow or downflow would affect only the. absolute values
of drag and, for comparative purposes, would have no effect.
The results are'discussed in the following order:
1. Standard. cowflguration
2. Effect of fuselage shaps
3. Effect of bulges, fillets, and spoilers
k. Effect of changes to wing center section

5. Effect of ailerons and flaps

6. Effect of the change in wing twist



7. Elevator effectiveness

8. Improvements resulting from use of the long
syumetrical fuselage

9. Buffeting

Stendard Configuration
Tests of the standard configuration, complete and in parts,

_revealed the nature and cause of the dive-recovery difficulties.
With the complete standard model, the longitudinal stability
increased enormously as the Mach number was incrsased above 0.65.
This increase in stability is illustrated by the decrease in the
slopes of the curves showing the variation of moment coefficient
with 1ift coefficient in figures 2(a) and 2(b). Figure 2(s) con-
sists of cross plots from these curves and shows the variation with
Mach number of the moment cosfficient at constant values of the
1ift coefficient. The 1ift coefficisnt at which the moment curves
for various Mach numbers intersect is of special significancs and
will henceforth be referred to as the constant-momsnt 1ift coefii-
cient. For all 1lift coefficients greater tihan the constant-moment
value (approximately —-0.15 for the standard configuration), the
pitching moment decreases; that is, it becomes a diving moment as
the speed is increcsed. For emaller valies of lift coefficient,
the moment becomes & climbing moment =2s the speed increases. Thus, .
it is seen that at high speeds the airplane becomes extremely
stable. This stability is so great that deflection of the elevator
as will be shown later, produces little change in lift,,hence,Athe

ifficulty in recovering from dives.

Removing all the accessories (Prestone, oil, znd spark-plug
cooling scoops, carturetor scoops, and turbosupercharger installe—
tions) from ths stahdard configuration made no important change in
the moment characteristics. Removing the fuselage, however,
increased the critical speed at which the stability started its
rapid increase, and also changed the value of the constant-moment
1ift coefficient from a small nezative value (about —0.15) to a
positive value of about 0.2 (fig. 2(c)). With the balance occurring
at o positive value of the constant-moment 1ift coefficient, the
airplane would tend to automatically recover from high-specd dives
because a pull—out moment would become zffective as the speed
increased. Modification of the airplane so that the constant moment
occurs at a suitable positive value of the 1lift coefficient, as with
the fuselage remcved, should provide a means of alleviating the



dive--recovery difficulties.

With the horizontal tail surfaces removed from the model, i
relatively smnll changes in pitching-moment coefficient occurred as
th: speed was increased above the criticel (fig. U(e)), and the
changes that did occur were in the opposite direction to those with
the tail in place. This result indicated that the moments produced
by the tail were undergoing large changes 2s the speed increased
thereby causing the difficulties. Figure 5 shows downwash angles
thot were measured at the tail position while .the tnil was absent.
As the Moch number incresased above the critical, the downwash angle
decreased as much as 2° or 39, cnd the veristion of downwash with
angle of attack becams only & smell fraction of its low-spesd
value. Ths decrease in downwash was a direct result of the loss in
1ift as the Moch number wos increased abovs the critical value
(fig. 4(2)). The mdgnitude of the recduction in downwash corre—
sponded approximately to the change in tail angle of attack that
wvculd be required tc produce the changes in pitching moment shown
in figure 3(e). ' :

It wos concluded that the dive-—iecovery difficulties of ths
cirplane sre due to the center ssction of the wing losing lift as
the speed incrensee above the critical. The reduction in lift is
accompanied by a reduction in downwash at the tail and 2 reduction
in the rate of change of downwash angle with airplane angle of
attaeck. The latter changeé produces a2 great increase in longitudinal
stability at speeds above the critical speed of the center section.
With the standord fuselage in place, the constant-moment lift coeffi-
cient centers about a négative value of the 1ift coefficient, and
the stability becomes so grsat that the elevator can produce only
small changes in alrplans 1ift coefficient; consequently, recovery
from high-speed dives is difficult. ¥With the fuselage removed, a

R
in this configuration the airplane wounld tend to automatically -
recovey from high-speed dives. )

Effect of Fuselage Shape )

As it was shown that the standard fuselage caused the moments
to break at a lowsr Mach numbar and the constant-moment 1ift coef-
ficient to be negative, several fuselage modifications were testsd.
These were the standard fuselage with modified canopy, an underslung
fuselape, a long symmetrical fuselage, a long symmetrical fuselage
with flat-front cab, and a long symmstrical fuselage with the cab
from the standard fuselage. The results are compared in figure 6.



. These curves are plotted for three representative 1lift coefficients:
0.1, 0.2, and O0.k. The results show that the fuselage designated
"the long symmetrical fuselage" (fig. 7) carried the moment curve to
the highest Mach number before breaking, and caused the constant-
moment 1ift ccefficient tc center about a small positive value of
the 1lift ccefficient (approximately 0.07). This fuselage also had
a lower drag st Mach numbers above 0.68. The undersiung fuselage
gave similar moment characteristics, but it was not considered as
practical a shape (fig. 8). ~ : '

Adding a flat front to the cab.of the long symmetrical fuselags
(fig. 9) in order tc permit the use of flat bullet—proof glass
windshield.made the moment characteristics slightly worse (fig. 8).
 Two cab changes were tried in an effort to find an arrangement that
gave sotisfactory moment characteristics, but that would not mske it
‘necessary to‘moVe the pilot and the controls from their positions in
the standard airplane. The flat-front cab was moved aft 2 inches
(corresponding to 22 in. fuli-scale), and the cab from the standard
fuselage was tried on the long symmetrical fuselage. Both of these
cab arrangements gave pcor moment characteristics (fig. 6) as
compared with the forwerd cab. The inferior cheracteristics with
these two cabs were probably due to the peak velocities induced by
the cabs being near to, and adding to, the peak velocities induced
by the wing. '

Figures 10 znd ‘11 give the complete basic results for the long
symuetrical fuselage. Figure 10 gives results for the regular
Prestone scoops; figure 11, for modified Prestone scoops. Little
difference in the results is noted,. although thers i1s a slight
reduction in drag indicated with the modified scoops.

Effect of Bulges, Fillets, and Spoilers

Abrupt bulges were placed on the under side of the fuselage, as
ghown in figures 12, 13, and 14, to find their effect in causing a
shock on the under surface of the fuselage. The first dulge was
placed on the under side of the standard fuselage with 2 revised
cznopy. This bulge caused the moment curves to rise slightly from
Mach numbers of 0.7 upward, but thore was no noticeable change in
the general effect (fig. 15). This indicates that the upper wing
surface had the most powserful influence on the pitching moment.
Other bulges tried on the long symmetrical fuselage with the cab off
had little effect on the vitching moments. Figure 16 gives compar--
ative results with and without the bulges.



Several types of fillets were tried on the symmetrical fuselage
(figs. 17, 18, an 19); but none of these geve any special benefit
(fig. 20) over the constant-radius fillet used on all other tests.
The fillet used for moet of the tests had a constant radius of

" one-half inch (3 in. on the airplane) and would be the easiest to

build.

7

Some spoilers and bulges were tried on the under side of the
wing. The first spoiler tried was set 90° to the wing surface,

protruded 1/4 inch from the surface at 33--1/3 percent of the wing

chord from the leading edge. and was extended bstween the booms.

A second test was made with this sams gnoiler extended to the wing
tips. For a third test, the sroilers were. removed and a smooth
bulge one--fourth 1nch hwgh was Jjucated between the boems at the
same chord mosition. These tests were predicated on pressure—
distridbution data which showed that; at constant angle of attack,
as the speed was increased the negative 1ift on the lower wing
surface increased more rapidiy than the wvositive 1ift on the upper
surface at high spseds. The tests were made to determine whether
the negative 1ift Increases could be reduced or eliminated. The
effects of these various changes are shown on figures 21(a), 21(b),
and 21(c). The flow over the lower surface was spoiled to such an
extent that from a very low speed, a steady rise in the moment curve
took place until the wppsr surface reached its critical speed, and
then at lift coefficients of 0.2 and above, the moment broke in a
nzgative direction.

Effect of Changes to Wing Center Section

As the presence of critical pressures had been shown to cause
the trouble, it appeared that a wing with lower pressurc peaks would
delay the compressibility break. Accordingly, a glove was built
around the original wing between the booms. This glove wes set at
a lower angle of attack and had a larger chord (fig. 22) than the
original wing. This glove had much lower pressure peeks and, with
the symmetrical fuselage, raised the critical speed and the balancing
1ift coefficient to a value slightly higher than that for the same
configuration but without the glove (figs. 23(a), 23{b), and 23(c)).
With the standard Tuselage and the glove, on the other hand, the
curves broke in the same way and at the same Mach number as for the
standard fuselage without the glove.

N



! Effect of Ailerons and Flans

As the loss in 1ift on the center section caused the large
adverse tail moments for a given totel lift a change in- span load
distribution that would shift a greater »art of the lift outboard of
the booms would relisve the center secticn of some 1lift and. delay the
pressure rise on this section. Accordinzgly, teste were made-with
simulated flaps and ailerons doflectsd 15° down and extending from
the wing tips into the booms. Without the fuselage (fig. 2k),
improvement in the cheracteristics is indicatad. The moments -
increased at speed above the critical for’ ‘1ft coefficients of 0.3
or less (fig. 2W(e)); whersas without the simulated flaps and
ailerons (fig. 3(e)), the moments increased for 1lift coefficients
only up to 0.1l. - In addition, the flaps increased the-Mach numbers
at which the sudden chenge in moment occurred. Sevsral additional
runs weras made (figs. c3km), 23(b), and 23(c)) witk simulated flaps
and ailerons 15° down. It cen be geen from these comparative curves
that the flaps improved the moment cheracteristics in all cases
except when the standard fuselage was used. At a lift ¢ sfficient of
0.1, although all other configurations brcke in a positive direction,
the configuration with the standard fuselage broke negatﬂvel" and at
a much earller Mech number than the others.

]

Ef‘;ec+ of the Change in Wing Twist

Tt appeared that an effect similar to that obtained with the
split flaps could be obtained in a practically applicable manner by
modifying the wing twist. Acc¢ordingly, a wing having the twist
modified by increasing the angle of attack at the tips by 3° was
tested. This change in wingz twist improved the ‘characteristics vexry
little, whether used with the long symmetrical fuselage or with the
standard fuselage (fig. 25). Comnlete results of the tests of the
revised wing with the long symmetrical fuselage are given in
figure 26. The ineffectivencss of the change in wing twist as
compared to the split flans avrarently was largely due to the fact
that the twist increased the lift coefficient at each angle of
attack only a small amount compared to the increase in let coeffi—
cient produced by the flans. '

Blevator Effectiveness
Figure 27 indicates, for onec: configuration, the 1lift c¢oeffi-

cient at which the airplane would balance at various Mach numbers
with several elevator angles. This figure shows that at hlob speeds



a given elevator deflection produced relatively sm2l) changes in

the 1ift coefficient at which the airplane would balance. Analysis
indicates that the losz of slevator effectiveness 2t high speeds is
largsly a result of tho great incrsase in gtabiliity of the airplane
and not to any important extent dus to reduction in the change in
teil 1ift brought about by a given elevator deflection. The results
for other configurations were similer, the only important differsnce
being in the value of the constant-moment 1ift coefficient.

Improvements Resulting From Use of
the Long Syrmetrical Fuselage |

The model with the symmetrical fuselage  showéd better diving
cherecteristics than the standerd configuration. By taking the
points on the curves of figure 25 where the noment . broke, figure 28
was plotted, which shows the meximum lw ft coefficient attainable
without the momen®t curves breaking in'e diving direction. The Mach
numbers at which the moment coefficient curves broke agree closely
with the Mach numbers at which the 1ift coefficient.curves broke
for corrasponding conditions. These results (fig. 28) show thwb 1t

zero 1ift and at Mach numbers up to at leact 0.75, the limit of.
tests, with the symmetrical fuselage the sirplane will not have
difficulty in recovering from dives, dscause the moment is 2 climbing
moment when it does. break. IT the airplane sxceeds the critical
speed, it will tend to come out of the dive, not stay in it. As a
matter of interest, there are also nlotted on this figure curves of
the 1ift COCff’CL nt required to maintain level flight at various

“altitudes.

The long symmetrical fselage imcroved the longitudinal
mansuverability in the critical speed region. The improvement is
shown in FTigure 28. For example, at a Mach number of 0,65, with the

 standard fuselage, the maximum lift COfolulGﬂb qulL@ble without

encountering the sevsre diving moments is 0.2. Replacing the
dammrafu%dwm'wthihﬁ'wnggwmmtmcaLImmlu@“namw&m.um
1ift coefficient av@llable for the eame condition to 0.5. At an
altitude of 25,000 feet, 2 lift_cdefziclenu of 0.2 wvroduces only
enough 1ift for level flight st o Mach number of 0.65. Therefors,
accelerations that would require higher 1ift would put the airrlans
into the critical diving-moment region. By changing to the long
symmetrical fuselage, accelsration of 2.:5g could be executed under
the conditions of the example without entering ths critical rezion.



Buffeting

Neither the results of forde tests nor observations of the
model behavior during tests gave any indication as to whether or
not tail buffeting occurred. .Figures 29 and 30, which glve;rasults
of measurements of the wake at the position of the tail, show that
‘with the standard tail p051t¢01 ‘the tail will .come w1thwn the wake
.of the wing and fuselage at high Mach numbsrs. These results indi-
cate that raicing the horizontal tail surfaces 32 inches above the
standard position should keep them out of the dee,oexcept for
Mach numbers .above 0.75 at angles of attack above 27, and should
therebv larvely eliminate buffeting. . Reference 2 makes a similar
conclusion: Tests were made with the tail altered as shown in
figure 31. The model dimensions indicated correspond to raising
the tail 32 inches and moving it back 24 inches on the ~airplane.
Figure 32 shows the aerodjnam1c characteristics resulting from
" this change. The onlv effect as compared to the- staﬂdard tall
“'position was an 1noxca°a in stability.

CONCLUSIONS

1. The difficulty encountered by this pursuit sirplane in
recovering from high-speed dives is caused by a compressibility
shock on the wing center section.. This shock causes a loss in 1lift
and a reduction in the downwesh, which results in a large change in
the tail moments.

2. With the standard fuselage, none of the modifications
teated elimirated the difficulties.

, 3. A long symmetrical fuselage increased the Mach number at
vhich the adverse diving moments occurred by at least 0.05. -At Mach
numbers un to at least 0.75, the limit of the tests, the long symmet—
rical fuselage caused the airplane to balance at a sufficiently
pogitive 1ift coefficient so that recovery from dives could be
effected. '

4., The longitudinal maneuverability of the airplane at high
speeds.can ve improved by the use of the long symmetrical fuselage.
For example, at 25,000 feet and at a Mach number of 0.65, the zirplane
can obtain 2.5g accelerations, as compared with only one g for the

standard conliguration.

Ames Aeronautical Laboratory,
National Adviscry Committee for Aeronautics,
Moffett Fisld, Calif.
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{c) Variation of Cq, with Mach number at constant angles of attack.

Figure 2. - Continued. Wing, booms, standard fuselage, tail, and all accessories.
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(4) Vvariation of Cp with Mach number at cqnat&;t angles of attack.

Figure 2. - Continued. Wing, booms, standa.rd fuselage, tﬁil_, and all accessories.
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(e) Variation of cM with Mach muber at conafant 11ft coefficients.

Figure 2. - Concluded. Wing, booms, standard fuselage, tail, and all accessories.
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with Mach number at constant angles of attack.

Figure 3. - Continued. Wing, booms, and tail.
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(4) Variation of Cp with Mect mmber at constant angles of attack.

Figure 3. - Continued. Wing, booms, and tail.
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(e) Variation of Cy with Mach number at constant 1ift coefficients.

Figure 3. - Concluded. Wing, booms, and tail.
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(c) Variation of Cp with Mach number at constant angles of attack.

Figure 4. - Continued. Wing and booms.
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(d) Variation of Cp with Mach number at constant angles of attack. '

Figure 4. - Continued. Wing and booms.
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(e) Variation of Cy with Mach number at constant 1ift coefficients.
Figure 4. - Concluded. Wing and booms.
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Figure 8. - Underslung elongated fuselage with tail.
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Figure 9. - Flat-front cab on the long symmetrical fuselage.
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(¢) Variation of Cp, with Mach number at constant angles of attack.

Figure 10. - Continued., Wing, booms, long symmetrical fuselage, tail and 2ll accessories.
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NATIONAL ADVISORY .
COMMITTEE FOR AERONAUTICS

(d) Variation of CD with Mach number at constant angles of attack.

Figure 10. - Continued. wfng, booms, long symmetrical fuselage, tail and

all accessories.
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COMMITTEE FOR AERONAUTICS -

() Variation of Cy giﬁh Mach number at constant 1ift coefficients.

Figure 10. - Concluded. Wing, booms, long symmetrical fuselage, tail,
and all accessories.
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(c) Variation of C; with Mach number at constant angles of attack.

Figure 1l. - Continued. Wing, booms, long symmetrical fuselage, tail,all
accessories, and modified Prestone scoops.
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COMMITTEE FOR AERONAUTICS .
(d) Variation of Cp with Mach number at constant angles of attack.

Figure 11. - Continued. Wing, booms, long symmetrical fuselige, tail,
all accessories, and modified Prestone acoops.
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(e) Variation of Cy with Mach number at constant 1ift coefficients.

Figure 11. - Concluded. Wing, booms, long symmetrical fuselage, tail,
all accessories, and modified Prestone scoops.
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Figure 12. - Bump on bottom of stahdar@ fuselage with revised canopy.
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Figure 13. - Bump on bottom of long symmetrical fuselage without cab.
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Figure lk. - Bump forward on

long symmetrical fuselage without cab.
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Figure 15. - Standard fuselage with revised canopy. Comparison curves showing
effect of bump on bottom of fuselage. (See fig. 12.)
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Figure 17. - Symmetrical fuselage. Leading-edge fillet with leading edge turned down.
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Figure 21. - Effect of wing spoilers and wing bumps on pitching moments.
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| (c) CL = 0.4,

Effect of wing spoilers and wing bumps on pitching moments.
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Figure 23. - Comparison curves of configuratidns tried with and without
ailerons and flaps.
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(b) Concluded. Basic data from Mach mumber 0.675 to 0.750.

Figure 24. - Continued. Wing, booms, tail, ailerons and flaps drooped
15° from wing tip to booms. . ,
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(c) Variation of CL vith Mach mumber at constant angles of attack.

Pigure 24. - Corntinnod Uing, booms, tail, ailerons and flaps dropped
15° from wing tip to booms.
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Figure 24, - Continued

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

with Mach number at constant angles of attack. -

. Wing, booms, tail, allerons and flaps drooped
15° from wing tip to booms.
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(e) Variation of Cy with Mach number at constant 1ift coefficients.

FPigure 24. - Concluded. Wing, booms, tall, ailerons and flaps drooped
15° from wing tip to booms.
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Figure 25. - Effect of the 3° change in wing twist.
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(c) Variation of CL with Mach number at constant angles of attack.

Figure 26. - Continued. Wing with revised twist, booms, long symmetrical fuselage,
constant-radius fillet, and tail. Elevator at 0°.
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(&) Variation of OD with Mach number at constant angles of attack.

ntinued. Wing with revised twist, booms, long symmetrical fuselage,
constant-radius fillet, and tail. Elevator at 0°.



2
Chrs C.=-3
‘ -2
/ -/
o
v
R
, 3
O o
- '5
l? '3 0+ .8
"/
o~
O;AYIONAL ADV I SORY

COMMITTEE FOR AERONAUTICS

(e) Variation of Cy with Mach number at constant 1lift coefficients.

Figure 26. - Concluded. Wing with revised twist, booms, long sygmetrical fuselage,
constant-radius fillet, and tail. ZElevator at 0.
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Filgure 27. - Ving with revised twist; booms, long symmetrical fuselage, and tail.
Lift coefficlents for balance at various elevator settings.

for balance at various elevator settings.




C, REQUIRED FOR LEVEL C, ORTAINABLE WITHOUT
FLIGHT A7 ALTITUDES

A BREAK IV Cpy CURVE
SHOWN BASED ON WING

-6 LOADING OF BE H/q 8
SYMM. FUSELASE )\
STD. FYSELASE
g '
4
.l
.3 AT Cy BELOH
THESE LINES
CL Cy BREAKS
: POSITIVELY. -
2
0
.8 .9
</

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 8. - Maximum lift coefficient availeble with chenge in Mach number for
two configurations. :
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(a) Mach number, 0.30 and 0.50.

Figure é9. - Relative position of the tail and wing wake for the wing and booms alone.
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(b) Mach mmber, 0.65 to 0.75.

Figure 29. - Ccncluded. Réla.tive position of the tail and wing wake for the wing
and booms alone. ]
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(a) Mach number, 0.30 and C.65.

Figure 30. - Relative positions of the tall and wing wake for the wing, booms, and
standard fuselage. : :
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(b) Mach number, 0.75.

Figure 30. - Concluded. Relative positions of the tall and wing wake for the wing,
booms, and standard fuselage.
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Figure 31. - Relative positions of the present standard tall and the raised tail.
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(b) Concluded. Basic data from Mach number 0.675 to 0.750.

Figure 32. - Continued. Wing, booms, standard fuselage, and raised tail.
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(¢) Variation of CL with Mach number at constant angles of attack.

Figure 32. - Continued. Wing, booms, standard fuselage, and raised tail.
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(d) Variation of - CD - with Mach number at constent angles of attack.

Figure 32. - Continued. .Wing, ‘booms, standard fuselage, and raised tail.
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(e) Variation of Cy Wwith Mach number at constant 1ift coefficients.

Figure 32. - Concluded. Wing, booms, standard fuselage, and raised tail.
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