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RESE:A;?EH MEMORANDUM
’ for “the ‘ UNCLASS!F?ED

Bureau of Aeronautiqs,"Department of the Navy

A TRANSONIC WIND-TUNNEL INVESTIGATION OF A SEAPIANE -
CONFIGURATION HAVING A*:0C SWEPTRACK WING

TED NO. NACA DE 387

By Gerald Hieser, Louls Kudlacik, and W. H. Gray

SUMMARY

During the course of an aerodynamic loads investiggtion of a model
of the Martin XP6M-1 flying boat in the Langley 16-foot transonic tunnel,
longitudinal-serodynamic-performence information was obtained. Data were
obtained at speeds up To and exceeding those anticipated for the seaplane
in level flight and included the Mach number range from 0.84 to 1.09.

The angle of attack was varied from -2° to 6° and the average Reynolds

number, based on wing mean aerodynamic chord, was about 3.7 X 106.

This seaplane, although not designed to maintain level £light at
Mach nuwibers beyond the force break, was found to have a transonic drag-
rise coefficient of 0,0728, with an accompanying drag-rise Mach number
of about 0.85. A large portion of the.drag rise and the relatively low
value of drag-rise Mach number result from the axial coincidence of the
maximm areas of the principal airplasne components.

*
%

TITRODUCTION

As the size and load-carrying capsbilities of aircraft have increased
along with increases in engine thrust, larger and larger landing fields
have been required. The seaplane affords more flexibility in choice of
landing areas and length of run for landing and take-off. However, these
advantages are somewhat offset by several difficult problems. There is
first the hydrodynamic problem of water impact loads and spray effects
in light and heavy seas. Secondly, there is the aerodynamic problem of
combining seaworthiness with good aerodynamic efficiency.
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The Martin XP6M-1 flying boat represents a recent approach to a
compromise between the seaworthiness and high-speed potentiality require-
ments. This seaplane was designed to fly at high subsonic ‘speeds and to
operate in and out of relatively heavy seas. The latter requirement,
which leads {0 spray problems, dictated a high engine-nacelle placement.
This placement of the nacelles, however, contributes to a large concen-
tration of cross-sectional area resultlng in a poor area distribution of
the overall configuration.

One structural requirement of the airplamne is that it must dive and
recover st Mach numbers exceeding those expected in level flight. As a
result of this requirement, the Bureau of Aeronautics, Department of the
Navy, requested an aerodynamic loads investigation of the model in the
Langley 16-foot transonic tunnel at Mach numbers up to the.limit of the
facility. During this investigation, the model's longitudinal aerody-
namic characteristics were determined st Mach numbers from 0.8% %o 1,09
and angles of attack from -2° to 6° and are reported herein. The results
of an investigation of the hydrodynamic characteristics of a model of
the XP6M-~l are given in reference l.

COEFFICIENTS AND SYMBOLS

A1l coefficients and symbols used in the present paper are defined
in the following list. All moments are referred to the quarter~chord
point of the mean aerodynamic chord, both axially and vertically.

Cy, lift coefficient, Lift/qS
Cp drag coefficient, Drag/gS
e nacelle internal-drag coefficient, —ocernal drag

i . ’ as
Cp pitching-moment coefficient, Pitc?i;gamoment
q dynamic pressure, %pv% 1b/sq £t o .
S wing area, 3.852 sq ft

b /2

é wing mean aerodynamic chord, % cldy, ft

0

c local wing chord, ft
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A model cross-sectional area, sq ft

b wing span, £t ,

v free-stream velocity, ft/sep

M Mach‘number

ig tail incidence, deg; angle between stabilizer chord and w:mg
root chord

X longitudinagl distance from body nose, £t

1 leng‘bh of body, ft .

o angle of attack, deg; angle between free stream and wing root
chord

p air density, slugs/cu ft

dcr /do, lift-curve slope

acy, /dCL longitudinal-stability parameter

MODELS AND APPARATUS ' '

Model Characteristics ¢

A three-view drawing of the seaplane model of the Martin XP6M-1 is
shown in figure 1, and a photograph of the model installed on its sting
support system in the Langley 16-foot transonic tunnel is shown in
figure 2. ‘

: v N

The wing has an aspect ratio of %§.26 and a taper ratio of 0.333 with
a sweep of the quarter-chord line of 40°, The airfoil section at the root
is NACA 63A311 streanwise and at the tip is NACA 63A308 streamwise. The
incidence of 'bhe root is 3.0° relative to the waterline and the tip is™\
washed out 5° relative to the root, thus giving the tip an angle of -2.0°
relative to the waterline. The leadlng edge of the nacelles is swept

back spanwise along a constant %—\’percent chord of the wing.,

The physical arrangement of the model has been alitered slightly at
the afterbody from that of the actual airplane in order to permit clear-
ance for the sting and model deflections. The modifications are outlined
in figure 1 and are also apparent in the photograph of figure 2.

v
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The cross-sectional-area development of the airplane obtained by
cutting planes normal to the model axis is shown in figure 3, This fig-
ure has not been adjusted for after-fuselage modifications of the model.

Tnstrumentation

The model forces and moments were measured by a six-component strain-
gage balance. The model argle of attack was determined from the static
angle of attack corrected for deflections under load. These deflections
had been established during stabtic calibration of the model and balance.

Mass~flow ratios and internal drag were evaluated by rakes installed
in the nacelle exits. The flow quantities were evaluated in tests other
+than those used to determine the aerodynamic characteristics. The model
base pressures were measured by crifices located just inside the model
base on the supporting sting. . ’

Tunnel and Supporting System ",

The investigation was conducted in the Langley 16-foot transonic
4unnel which has an octagonal slotted test section permitting continuous
variation in speed through transonic to low supersonic speeds. The sting
support system is designed to maintain the model close to the tunnel
center line at all angles of attack.

TESTS AND CORRECTIONS

Because of the low design load factors required of this airplane
and of the balance limiting loads, the angle-of-gttack range was gener-
ally between the limits of -3° and 6°. At the highest Mach mumber
tested (1.09), tunnel power limitations further restricted the angle-of-
attack range. The angle of attack, referred to the wing root chord, is
estimated to be correct within +0.1°. In order to obtain the published
values, adjustments have been made for model support and balance deflec-
tions under load.

The Mach number recorded is believed to be accurate within +£0.005.
The data at low supersonic Mach nunbers are affected somewhat by boundary-
reflected disturbances impinging.on the model. It has been estimated that
the present model in the Langley 16-foot transonic tunnel should be free
of all such disturbances at Mach numbers sbove about 1.09. :

No corrections have been applied for sting interference, but the
error so introduced is believed to be small. An adjustment has beén made

4
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to the.force data to the condition of free-stream static pressure at the
model base,  The internal-flow drag of the nacelles has been subtracted
from the drag measurements.

The variation of Reynolds number with Mach number for this investi-
gation is presented in figure 4. The values are based on the mean aero-

dynsmic chord and averaged gbout 3.7 X 106.

RESULTS AND DISCUSSION

Internsal Drag

The internal drag was essentially invariant with angle of attack
but was affected by Mach mmber (fig. 5). Internal-drag coefficient
(based on wing area) increased 43 percent between Mach numbers of 0.8k
and 1.00. The average mass-flow ratio based on inlet area was 0.75.
The internal drag was evaluated to a Mach number of 1.06, but an extra-
polation was made (dotted line in fig. 5) to a Mach number of 1.09 in
order that the drag coefficients at this Mach number could be adjusted
for internal drag.

Aerodynamic Characteristics

Basic data.- The basic data are shown in figures 6 to 9. The char-
acteristics of the airplane without the horizontal tail are presented in
figure 6, and those for the complete airplane with the horizontal tail
set at sngles of -0.82° and -3.02° are presented in figures T and 8,

respectively. Figure 9 presents the characteristics of the model with-
out the engine nacelles,

The angle~of-gttack range of the lnvestigation was not sufficient
to define any gross nonlinearities in either the lift or pitching-moment
coefficients. The lift-coefficient limit of the investigation was
about 0.5.

., Lift-curve slope.~ The lift-curve slope, measured at zero lift,
averaged about 0.086 throughout the Mach number range as indicated in
figure 10. The theoretical value of lift-curve slope for a wing of this
aspect ratio and taper ratio at a Mach number of 0.84 is 0.075. Appar-
ently, there is an appreciable increase in effective aspect ratio because
of the end-plate effect of the Tip floats. In addition, the theory would

not be expected to predict the lift-curve slope accurately for this spe-
cific configuration.

©
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Static-longitudinal-stability parameter.- The variation of the
static~longitudinal-stability parameter de/dCL at zero lift for the

Mach number range from 0.84 to 1.03 indicates a rearward aerodynsmic-
center movement of 21 percent for the tail-off configuration (fig. 11).
The change in magnitude of de/dCL for both tail-on and tail-off con-

figurations indicates an abrupt forward aerodynamic-center shift of about
8 percent which was measured at Mach numbers of 0.95 and 0.975 for the
former configuration and at a Mach number of 0.975 only for the latter
configuration. An explanation for the reduction in stability in this
narrow Mach number band could not be found from a study of loading changes
shown by unpublished wing and nacelle pressure data. It is believed,

~ however, that the abrupt reduction in stability arises from a rapid vari-

ation in stream direction behind the nacelles over the rear portion of
the body as the angle of attack is varied. This change in stream direc-
tion is apparently caused by strong vertically asymmetric shocks in the
vicinity of the nacelle exit at Mach numbers of 0.95 and 0.975 and is
confined to a small 1ift range near zero. Some verification of this
reasoning may be obtained from inspection of the de/dCL values for

the model with the nacelles removed. The latter curve (fig. 11) , although
based on fewer test points than for the nacelle installed, appears, never-
theless, to be devoid ‘of abrupt slope changes and, therefore, justifies
the reasoning.

Drag.- The zero-lift drag coefficient and drag coefficient at a 1lift
coefficient of 0.3 are presented in figure 12. The configurations chosen
for this figure all had a tail incidence of -3.02°. For this tail setting,
the model trimmed at about an average 1ift coefficient of -0.05.

The 1limit test Mach number of 1.09 was sufficiently high to permit
wall-reflected disturbances to clear the base of the model. The probable
trend of the zero-lift drag curve for the complete model between the Mach
numbers of 1.00 and 1.09 has also been indicated on figure 12. The meas-
ured drag in this range of Mach number is affected by wall-reflected
disturbances which impinge on the forepart of the body in the lower por-
tion of this range, thus increasing drag to an artificially high value,

~ and on the body aft of the maximum cross-sectional areas in the higher

portion of the range, thus reducing drag.

This seaplane, although not designed to maintain level flight at
Mach numbers beyond the force break, was found to have a transonic drag-
rise coefficient of 0.0728. A large portion of this drag rise msy be
attributed to the concentration of cross-sectional area of the principal
airplane components as shown on the ares plot of figure 3. A further and
perhaps more significant result of this area distribution is the low force-
break Mach number of about 0.85 (the Mach number at which acpfaM =~ 0.1).
For example, removing the nacelles improves the area distribubion somewhat
(fig. 3))and increases the force-break Mach number by about 0.020. (See
fig. 12,
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The rather intense shoclgs@ﬂerated by the large cross-sectional
area are shown in the sample shadowgraphs of figure 13. The intensity

. oo of the shocks in the vicinity of the nacelles is probably an indication
‘e%ee’ of concentration of these shocks in a spanwise as well as chordwise
eose direction. Removing the nacelles had g large effect in reducing the
':“: apparent intensity of the shocks but had very little effect on their

L

position, as would be expected from an inspection of figure 3,

CONCLUSIONS

Longitudinal-performance information obtained during an aercdynamic
loads investigation of a model of the Martin XP6M-1 flying boat at tran-
sonic speeds leads to the following conclusions:
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drag-rise Mach number of about 0.85. A large portion of the drag rise,

- as well as the low value of drag-rise Mach number, results from the axial
coincidence of the maximum cross-sectional areas of the principal airplane
components. No other predominant characteristics were found in the aero-
dynamic data.

2. The aerodynamic center shifts rearward 21 percent of the mean
aerodynamic chord with increase in Mach number from 0.8% to 1.03. The
gradual progression of the aerodynamic center is interrupted at a Mach
nuitber of gbout 0.975 by an ebrupt forward shift of 8 percent. It is
believed that the strong shocks in the vicinity of the nacelle exit
caused g rapid adjustment in stream direction behind the nacelles and a
resulbing reduction in stability.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., March 18, 1955.
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Figure 2.~ Three-quart

T=8%542 41

er front view of model installed in the Langley
16-foot transonic tunnel.

LOQEaTs W VON



Al1?

.08

.06

04

[
. ,Nacelles
//\( (less stream tube)
/ Wing \\
—-—-——'—"‘—\
\ \\\\\Floots
N
Bady Tail
Vertical
w/ Horizontal ——|
| .2 3 .4 5 6 .8 ) 1.0
X/7

LOQGGIS W VOvN



i NACA RM SL55DOT

5 x 10

Reynoids number
o

.8 9 L.O Il

Mach number , M

?

Figure 4.~ Variation of Reynolds number with Mach number based on mean

aerodynamic chord (0.927 foot).
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Figure 12.- Variation of drag coefficient with Mach number.
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