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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the

Air Materiel Command, U. S« Army Air Forces

HIGH-SPEED AERODYNAMIC CHARACTERISTICS OF A FOUR-ENGINE
TRANSPORT AIRPLANE AS DETERMINED FROM TESTS
. QF.A_O,O75TSCALE MODEL

By Robert H. Barnes

"‘SUMMARY ~

The tests réported Herein weré made in érder to determine
the differences in high-speed aerodynamic characteristics
between models of 'a four-engine transport airplane and a
similar bomber airplanc. The main conclusion to be drawn
from the results is that the critical Mach rumber of the
transport model is about 0.05 less than that of the bomber
modele

INTRODUCTION

Tests of a 0.075-scale model of a four-engine transport
airplane were carried out at the request of the Army Air
Forcess The purpose was to determine the aerodynamic
characteristics of the model at high speecds. Inasmuch as it
was very similar to the model of a four-engine bomber
airplane, extensive tests of which have been reported in
reference 1, the tests were designed to detect differences
between the characteristics of the two models only.
Consequently they were' brief.

APPARATUS AND METHOD
The tests were carricd out in the Ames 16-foot high-

speed wind tumnel. Thc model was mounted on a three-strut
support system as shown in figure 1l.




o

The transport model (fig. 2) was the same as the model of
a bomber airplane except for the fuselage shape and size and
the empennage location. Figure 3 shows a comparison of the
fuselages. The same wing, empennage, and nacelles were used
for both models. Owing to the difference between the fuselages,
the position of the empennage with respect to the wing differed
for the two models as showns A detailed description of the
wing of the model appears in reference l. The. principal
dimensions and areas of the model were as follows:

:Model SC&le e @ © ® e & & e @ ° e ©° e © o o 0.075 full Scale
Wing&rea.oooooc-oo.ooooo. 9e 65 square feet
Wingspan...-.;.......-o..... 10,0592 feet
Mean aerodynamic chord « o« o o« o o o o« ¢ ¢ ¢ ¢ o ¢ 0965 foot
Aspectl"atioo..................-. 11.62
Tail area (including elevators) e« « « o o o 1.873 square feet
Taillongth....-............... 4442 feet

The tests reported herein were made with all the control
surfaces fixed in their neutral positions. Inasmuch as the
same wing and support system were used for both models, the
same tunnel-wall corrections and values of the flow
inclination were used. No corrections for tares were applied
and the change in pitching-moment-coefficient correctlon due
to the changs of tail position was neglected.

SYMBOLS

The symbols used in thls Peport are:

a dynamic pressure (%pV3), pounds per square foot
0 mass density, slugs per cubic foot
\ velocity, feet per second

S wing area, square feet




M.A.C.

a

Ax

Cr,

C
Dgross

aCp

e /a

AC

mean aerodynamic chord, feet
angle of attack of wing-chord plane

angle-of-attack correction due to tunnel-wall
effects and flow inclination

.11t coefficient (lifi
as
drag coefficient <measurzg Srop + ACp )

drag-coefficient correction due to tunnel-wall
effects and flow inclination

pitehing moment |
qS (MCA.QCQ) _‘

pPitching-moment coefficient [

pitching-moment-coefficient correction due to
tunnel-wall effects

frece-stream veloecity
veloclty of sound

Mach number (

RESULTS AND DISCUSSION

The results of the tests are shown in figures 4 to 6 and
are presented as comparisons bctween the characteristics of
the transport and bomber models. Figure 4 shows the variation
of the angle of attack, drag coefficient, and piteching-moment

coefficient

with 1ift coefficient for the taill-off conditionsg

and figure 5 shows the corresponding variations for the tail

one. Figure

shows the variation of the pitching-moment

coefficicnt, drag coefficient, and 1ift coefficient with Mach

number.

The first two arc given for constant values of the

1ift coefficient, while the 1ift coecfficient is given for
constant values of the angle of attack.

For Mach numbers beclow those approaching the critical,
there are no important changes in the 1ift cocfficients at
constant anglec of attack, while at supercritical speeds the
transport model has a 1ift cocfficicnt about 0,075 less than
that of the bomber. At suberitical specds the transport
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model has about 0.00l. greater dragz coefficient than the bhomber,
and at supercritical speeds this difference 1is increased about
fivefold,

From inspection of figure 6(a) it is seen that the
pitching-moment coefficicn begin to decrease rapidly at a
lower Mach number for the transport model, the magnitude of the
lfach number difference being approximately 0.05. Figures

6(b) to 6(d) show that marked changes in the 1ift and drag
coefficients also occur at lower Mach numbers with the

transport model. These facts indicate that the critical sSpeed
of the transport airplane is less than that of the boriber,

This difference is believed to be due to the difference in shape
and fineness ratio of the fuselages. The change of 0,05 in

the critical Mech number is ecquivalent to 35 miles per hour at
20,000 feet altitude,

gy
ts

Inasmuch as the transport and bomber airplanes are
similar, it may be expected that the transport airplane will
have similar characteristics tc those predicted in reference 1,
for the bomber, except inscfar as their critical Mach nuubers
are involved.,

Ames Aeronautical Laboratory,
National Advisory Commi ct for Aeronautics,
Moffett FPield, Calif.
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Figure l.- The four-engine transport airplane model mounted in

the 16=foot wind tunnel,
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