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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM EEPORT

for the
Air Materiel Command, U. S. Army Air Forces
HIGH-SPEED WIND-TUNNEL TESTS OF A 1/14-SCALE
MCDEL OF A FOUR-ENGINE CARGO ATRPLANE

By William T. Hamilton

SUMMARY

This report presents results of tests on a l/lh—scale model of
a four-engine cargo airplane, which was tested in the 16~Foot high—
speed wind tunnel. The high—speed characteristics of this airplane,
particularly the longitudinal stability and control in dives were
investigated.

The test results indicated no important changes in longitudinal
stability or controllebility until the speed excecded the predicted
maximum level—flight speed by more than 38 percent. Above this
speed, large changes occurred in the stability and 1lift coefficient
for balance.

INTRODUCTION

At the request of the Army Air Forces, a 1/14—scale model of
a cargo airplane was tested in the 16—foot high-speed wind tunnel at
the Ames Aeronautical Laboratory of the National Advisory Committee
for Aeronautics. The airplane is a four-engine low-wing
monoplane.

The purpose of the tests was to investigate the high—speed
characteristics of this airplane, particularly the longitudinal
gtability and control in dives.
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APPARATUS
Model A

A three-view drawing of the model is shown in figure 1 and
pertinent information is given in table I. ZFigure 2 shows the com—
rlete model installed in the 16~Ffoot wind tunnel. The outboard
nacelles could not be completely removed because they housed the
forward support trumnions, hence their usual cowled noses and spinners
were replaced by smooth faired noses (fig.3) for certain basic tests.

The wing was built of mahogany screwed to a hollow steel spar
of welded construction. The fuselage was made of solid mahogeny
and bolted to the wing. The nacelles were made of solid birch and
were screwed to the wing. The ftail was made of aluminum alliocy and
wag bolted to the fuselage. The elevators were heid in place by
steel brackets. Tho fillets were made of "cerro-bend" metal.

As originally tested, the model fluttered. This condition was
remedied by adding apprcximately 50 poundés of lead shot in the nose
of the fuselage.

Wind Tunnel

The tests were conducted in the Ames l&—foot—diameter, high—
speed, single-return wind tumnnel. Forces and moments were measured
by the automatic balancing and recording scales.

RESULTS

The results are reduced to the usual 1lift, drag and moment
coefficients and presented as functions of M, a, and oy.

where

s ; \
/ speed of alir stream
M  Mach number | : 2
\ speed of sound /

o angle of attack of the fuselage reference line, corrected for
the tunnel-wall effects as given in the equation for Aw

a; geometric angle of attack of the fuselage reference linc
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Pitching moments are given about the center of gravity as
located in figure 1.

The following tunnel-wall corrections were applied to the test
results (refersnce 1):

Loy = 00300088
ACp ‘= ©0.005% Cr2
&C, = 0.0057 C;, (tail—on runs cnly)

Approximate 1lift, drag, and pitching-moment tares were obtained
with the model removed lecaving the struts wita fairings con their
upper ends, as in figure 4. Thesc tares are shown in figure 5.

Since no corrections for buoyancy, stream inclination, or interference
have been applied to the drag deta, they should be used for compara—
¥ive purposes only. The pitching moments have been corrected for

the downflow of the air stream at the tail position of the model

(fig. 6). This downflow was measured with the model removed.

DISCUSSION OF RESULTS
Longitudinal Stability

The characteristics of the model in various stages of complete—
ness are shown in figures 7, 8, and 9. Figures 7 and 8 indicate
that the tail--off instability increased at Mach numbers above 0.675.
Figurc 9, which shows tho characteristics of the complete model,
indicates no appreciable change in pitching moment or static longi—
tudinal stability through the range of Mach numbers from 0.3 to 0.5.
As the Mach number increased from 0.5 to 0.65, the stability
decreased at negative 1lift coefficients, but remained about the
same abt positive 1lift cocefficients. About 0.65 Mach number, the
gtability increased and a large change in the 1ift coefficient for
balance occurrcd. The increase in stability appeared first at the
higher 1lift coefficients, as indicated by the bresks in the moment
curves of figure 9(d). Bocause of the increase in stebility and the
change in 1ift coefficiont for balance, a greater increment of
pitching moment is required of the clevator in order to control the
airplane. At 1lift coefficients corresponding to level flight this
increase in stability appeared =t speceds ranging from 460 miles per
hour at 29,000 feet altitude to 515 miles per hour at sea level. This
result indicates a considerable margin of safety over the predicted
maximum specds in level flight of 247 miles per hour at 29,000 feet




altitude and 301 miles per hour at sea level. This margin is least
at 18,000 feet altitude, where it is 38 percent.

Figure 10(a) indicates that the wing-fusclage fillet, the
inboard nacelles, and the outboard nacelle cowls had no appreciable
effect on the stability for the tail—ofT condition of the model.
With the tail on the mcdel, both the Inboard nacelles and wing—
fuselage fillets added negative increuierits of pitching moment and
increased the stability slightly at speeds below the critical Mach
number (as indicated by the start of the precipitous increase of
the drag) as shown by figures 10(b) and 10(c). At tho higher lift
coefficients, the addition of the fillets increased the value of
Mach number at which the break in the moment curves occurred.

The elevator GPf“CUWVC“tSn, as indicated by the effect of the
elevator on the pitching moment, remained cssentially constant with
speed for Mach numbeLJ up to 0.725 and small 1lift coefficients, but
decreased at Mach numbers greater than 0.6 for 1lift coefficients of
0.3 or more (fig. 11). Though the elevator was capable of producing
changes in the pitching moment at speeds above the critical, the
increased stability rendered it less capable of controlling the
attitude and 1ift coefficient at these speeds.

Lifg

In general, the lift coefficient at constant angle of attack
increased with spved until the critical speed was reached
(figs. T(c), 8(c), 9(c)). At tho higher angles, the 1lift coeffi~
clents-fell off befove tpc critical speed was *eached As the
critical speed was exceeded the 1lift decreased rapidly. All of these
effects are considered normal. The addition of the wing—fuselage
fillets increased the slope of the lift curve glightly and increased
the critical speed for large angles of attack (fig. 12(c)), thereby
giving higher lifts at high spceds. The addition of the inboard
nacelles decreased the 1lift coefficient, at constant angle of
attack, by a small amount.

Drag

The drag coefficient 1ncrogsed only slightly with spoud until
the critical speed was reached. Figures 12(a), 12(b), and 12(c),
show the drag of the model in various stages of completencss.
Figure 12(b) indicates that at a Mzch number of 0.45 and a lift
coefficient of 0.3 (a representative flight condition), the




increments of drag coefficlent added by the separate addition of the
component parts were as follows:

Fillets —0,0016
Inboard nacelles 0.0012
Tail 0.0032

The 0.0032 increment of drag coefficient due to the tail was
measured with the inboard nacelles removed from the model. With the
inboard nacelles in place, the increment of drag coefficient due to
the tail was 0.0051, an increase of 0.0019.

At small 1ift coefficient, the wing-fuselage fillets had little
or no effect on the critical speed but, at the higher 1ift coeffi-—
cients, the critical speed was increased by the addition of the
fillets (fig. 11(c)). The addition of the inboard nacelles reduced
the critical Mach number approxinately 0,02,

CONCLUSIONS

l. The test results indicated that the longitudinal stability
and control remained normal until speeds at least 38 percent above
b the maximum predicted level-flight speeds had been reached.

2., The elevator effectiveness at 1ift coefficients of zero and
0.1 was maintained up to a Mach number of 0.725. This Mach number was
considerably higher than the critical Mach number. However, the elevator
effectiveness was less at Mach numbers above 0.6 Tor 1ift coefficients
greater than 0,1, . The increased stability and large changes in 1lift
coefficient for balance at speeds above the critical rendsred the
elevator less capable of controlling the attitude and 1lift coeffi-
cient at these speeds,

3, The inboard nacelles caused the drag coefficient of the tail
to increase from 0.0032 to 0.0051 at a 1lift coefficient of 0.3, and
at a Mach number of 0.45 (a repressntative flight).

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABLE I.- DIMENSTONS

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

e 1/ solm wpes, ||
WING:
Area 8.43 sq ft 1652.28 sq ft
Root section NACA 23018
Root chord 15.71l in. 13.333 £t
Root chord incidence +30
Tip section NACA llj12
Tip chord 7.286 in, 8.500 ft
Tip chord incidence +1°
Span 105.43 in. 123.,0 ft
Dihedral 7°-361-38,2"
Aspect ratio 9.16
Mean aerodynamic chord 12.571 ins 14.67 £t
Cege tO elev.)
Tail length\ hinge line L46.39 in. 54.12 £t
HORIZONTAL TAIL:
Area 2.39 sq ft 1,68.4)y sq £t
Span 42.86 in. 50,00 ft

Root section

inverted modified NACA 23013

Tip section

inverted modified NACA 23010

Incidence

+0,15°

ELEVATOR 2

Area (aft of H)

0.57 sq ft 111.72 sq ft

Percent total horiz. tail area

2%.8 percent

Span (excluding cut-out) 16.28 in. 18.99 rt
TOTAL VERTICAL SURFACE:
Area 1.23 sq ft 2,,1.08 sq ft
QUTB'D VERT. SURFACE (each):
rea 0.6 sq ft 90.16 sq ft |

Wing loading

-— 3.6 #/sq £t
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Figure 2.~ The model mounted in the 16=-foot wind tunnel.




Figure 3.- Details of smooth faired nose on outboard nacelle
(outboard nacelles faired).
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Figure 4.- The tare set up.
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FIGURE 7-a WING , FUSELAGE AnO OurE8oars /NACELLES FARED
PoLars Ar /AcH NUMEBERS ©3,05,0.6, 068
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FIGURET-b WING , FUSELAGE Are Oursoacd NACELLES FAIRED .
FPOLARS AT NMACH NUMBERS 0675,07,0725, O.7¢
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fTEUREE S WING ,FUSELASE, FILLETS AND INBOARD Anp Curscirsd VACELLES COWLED,
FPoLARS AT NMAcH NUMEBERS 0675, O.7,0.725,0.75
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FIGURES-C WING,FUSELAGE , FILLET AND INECARD AND OUTE0ARD /VACELLES COWLED
Vagiarion OF C, AND C, wiTH /MacH NMureser ForR ConsTAnT O,
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