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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the

"~ Air Materiel Command, U. S. Army Alr Forces

HIGH-SPEED AERODYNAMIC CHARACTERISTICS OF A FOUR-ENGINE
TRANSPORT AIRPLANE AS DETERMINED TROM TESTS
OF A 0.,075-SCALE MODEL

By Robert H. Barnes

S UNMARY

, The tests reported herein were mede in order to determine
the differcnces in high-specd aerodynemic characteristics
between models of a four-engine transport airplane and a
similar bomber airplane. " The main conclusion to be drawn
from the results is that the critical Mach number of the
transport model 1s about V.05 less than that of the bomber
modele.

INTRODUCTION

Tests of a 0.075-scale modcl of a four-engine transport
airplane were carried out at the request of the Army Alr
Forcecs. The purpose was to determine the aerodynamic
characteristics of the model at high speeds. Inasmuch as it
was very similar to the model of a four-engine bomber
airplane, extensive tests of which have been reported in
refercnce 1, the tests were deslgned to detecct differences
betweecn the characteristics of the two models only.
Consequently they were brief.

APPARATUS ANWD METHOD
The tests werc carricd out in the Ames l6-foot high-

specd wind tunnel. The model wias mounted on a three-strut
support system as shown in figurc 1.



The transport model (fig. 2) was the same as the model of
a bomber airnisnc except for the fuselage shope and size and
the empennage location. Figure 3 shows a coumparison of the
fuselages. The some wing, smpennnge, and nacelles were used
for both models. Cwing to the difference between the fuselages,
the position of the empennage with respect to the wing differed
for the two models as shown. A detailed description of the
wing of the model appears in reference 1. The principal
dimensions and arcas of the model were as fallaws:

Model sCile o o o o o o s o o ¢ o © o o o o 0.075 full scale
WINg 9ré o o o o o o s o o o s o o o o o o - 9465 square feet

Le3
T

dinb SDUYL o o o o o o ¢ o o o ¢ ¢ & © o o & © o & 10.592 feet

r

Mean &ePOdYHQMiC Chord ¢« o« e -s.¢ o o o s © o s » @ 00965 fGOt
ASpCCt ratio L ] [ L ] . L] * L] [ * » L ® . L] * L L ] L ] > o L 11.62
Tail area (inciuding e€levata=s) o s o o o o 10873 square feet
Tail length [ ] [ 4 L4 [ ] L ] L] . [ ] L] L ] L) ® [ ] o L] L] L] L] L L ] 4.42 feet

The tecsts reported hersin were made with all the control
surfaces fixcd in their neutrcl positions. Inasmuch 2s the
same wing and support system were uscd for both modcls, the
samc tunncl-well corrections and valucs of the flow
inclination wore used. No corrections for tarcs were applied
and the change in pitching-moment-coefficient correction due
to the change of tall position was neglected.

SYMBOLS

The symbols used in this report arc:

o] dynamic pressure.(5pV?), pounds-per square foot
0 nmass density, slugs ver cubic feot
v veloclity, feet per second

S wing arez, squarc feet




_M.ALCo mean werodynamic chord, feect
a anglc of attack of wing-chord plane
Ao angle~-of-attack correction due to tunnel-wall
effects and flow inclination
Cp, 11t cosfriciont (LiLE
as
C drag coefficient <measured arag + ACp >

Doross Qs

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

pitchingmoment]

C pitching-monent coefficient [ 95 (MeAeCa)

Me/a

AC, pitching-moment-coefficient correcction due to
tunnel-wall effects

Fa _ .

frece-stream veloclty

M lach numbe ( 5 =
Mach number vclocity of sound

RESULTS AND DISCUSSION

The results of the tests are shown in figures 4 to 6 and
are prescnted as comparisons botween the characteristics of
the transport and bomber models. Figure 4 shows the variztion
of the ongle of attack, drag cocfficient, and piteching-moment
coefficient with 1ift cocfficient for the tail-off conditions;
and figure 5 shows the corresponding varistions for the tail
on. Figure 6 shows the vorintion of the pitching-moment
coeificicnt, drag cocefficient, and 1ift cocfficient with Mach
number. The first two arc given for constant valucs of the
1ift coefficient, while the 1ift coefficient is given for
constant valucs of the anglc of attack.

For Mach numbers bclow those approaching thc critical,
there arc no important changes in the 1ift cocfficicents at
constant angle of attack, whilec at supercritical specds the
transport model has a 1ift cocfficiont about 0.075 less than
that of the bomber. At subcritical spccds the transport



1=

model has about 0.00L grector dras coefficient than the hcmber,
end at supercritical sreeds this difference is increascd about
fivefold,.

From inspection of figure 6(a) it is seen that the
ritching-moment coeflficicnts begin to decrease rapidly at a
lower Mach number for the transport model, the magnitude of the
lach number difference heing enproximately 0.05. TIMigures
6(b) to 6(a) show that marked changes in the 1ift and drag
ccefficients also occur at lower Hach numbers with the
transport model. These facts indicate that the critical sSrpreed
of the transport ailrplane 1is leoo than that of the bonber,

This difference is belicve? to be due to the difference in shape
end fineness ratio cf the fuselages. The change of C.05 1n

the critical Hach number is ecuivalent to 35 miles per hour at
20,000 feet altitude,

Inasmuch as the transport and tomber airplanes are
similar, it may be expected theat the transport airplane will
have similar charactericstics fto those predicted in reference 1,
for the bowber, exceprt inscfar as their critical Mach nunbers
are involved,

Ames Aeronautical Laboratory,
Fational Advisory wODmiLtGG Tor Aeronautics,
Uoffett Fielad, Calii,

RIPLRENCE

1., Rarnes, Robert H.,: Figh-Speed Aerodynamic Characteristics
of the XB-29 Airnlenc as Determined fror Tests of a
CL. CIIR, Jan. 194,

0.075-Scale liodel, WA
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Figure l.- The four-engine transport airplane model mounted in
the 16-foot wind tunnel,
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