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A!PRANSONICWND-!?XNNELlNVES!l?IGATIONOFASEAP~~ 1 
CONFIGURATIONHAVINGA'~O SWEE'TEWKWING 

TED NO. NACA DE 387 
. 

By Gerald Hieserj Louis Kudlacik, and N. H. Gray 

During the course of an aerodynamic loads investigation of a model 
of the Martin XP6M-1 flying boat in the.Langley 16-foot transonic tunnel, 
longitudinal-aerodynamic-performance information was obtained. Data were 
obtained at speeds up to and ejLceeding those anticipated for the seaplane 
in level flight and included the Ma&h.nuniber range from 0.84. to 1.09. 
The angle of attack was varied from -2O to 60 and the average Reynolds 
nlnnber, based on wing mean aerodyn&ic chord, was about 3.7 x 106. 

!&is seaplane, although not designed to maintain level flight at 
Mach rnmibers beyond the force break, was found to have a transonic drag- 
rise coefficient of 0~0728, with an accompsnying drag-rise Mach number 
of about 0.85. A large portion of the.drag rise and the relatively low 
value of drag-rise Mach nuniber result from the axial coi&idence of the 
maximm areas of the principal airplane components. * * I 1 

INTRODUCTION 

As the size and load-carry- capabilities 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 
cotiining seaworthiness with good aerodynamic efficiency. 
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The Martin xP6M-1 flyby boat represents a recent approach to a 
compromise between the seaworthiness and high-speed potentiality require- 
ments. This seapla;ne was designed tq fly at high stisonic'speeds and to 
operate in and out of relatively heavy seas. The latter requirement, * 
which leads to spray problems, dictated a high engine-nacelle placemen&. 
This placement of the nacelles, however, contributes to a large concen- 
tration of cross-sectional area resulting in a poor area distritjution of 
the overall. configuration. r 

One structural requirement of the airplsne is that it must dive and 
recover at Mach numbers exceeding those expected in level flight,. As a 
result of this requirement, the Bureau of Aeronautics, Department of the 
Navy, requested an aerodynmic loads investigation of the model in the 
Langley 16-foot transonic tunnel at Mach numbers up to the.Xmit of the 
facility. During tbis investigation, the model's longitudinal aerody- 
namic characteristics were determined at Mach nuuibers from 0.84 to 1.09 
aa angles of attack from -2' to 6O and-are reported herein. The results 
of an investigation of the hydrodynamic characteristics of a model of 
the XP6M-1 are given in reference 1. 

ComIc~s AND %txMBoLs * 

All coefficients and synibols usea in the present paper are defined 
in the following list. KU moments are referred to the quarter-chord 
po+t of the meag aerodynamic chord, both axially and vertically. 

CL lift coefficient, Lift/c@ 

CD drag coefficient, Drag/qS 

. 

1 
t 
t 
t 

nacelle internal-drag coefficient, Internal&rag 
SS 

pitching-moment coefficient, pitchiW moment li qse cm 

dynamic pressure, $P+, lb/q ft 

S 
F 

e 

wing area, 3.852 sq f-t 

c’ wing mean aerodynamic chord, g s 
b/2 c2ay, ft 

0 

c local wing chord, ft 

- 
"/ I.. I 

* * 
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b 

V 

M 

it 

P 

dCL/b 

aCm/aCL 

model cross-sectional srea, sq, ft 

wing span, ft 

free-stream velocity, ft/sec 

Mach nuder z 

tail incidence, deg; angle between stabilizer chord and wing 
root chord , 

longitudinal distance from body nose, ft 

length of body, ft 

angle of attack, deg; mgle between free stream and wing root 
chord -. * 

air density, slugsjcu ft 

lift-curve slope 

longitudinal-stability parameter 

MODELSAJ!lDAPPARATUS 

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. 

l.4 
The wing has an aspect ratio of*%26 aa a taper ratio of 0.3;3 with 

a sweep of the quarter-chord line of 4-O". The airfoil section at the root 
is NACA 63~311 streamwise+nd at the tip is NACA 63A308 streamwise. The 
incidence of the 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,OO 
relative to the waterline. The leading edge of the nacefies is swept 

?P back spanwise along a constant 25 percent cho$t of the wing., 

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

-~ -_--_ ___ * -. - .- _ . _ . ., 
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The cross-sectional-area development of the airplane obtained by 
cut-U&planes normalto the m&e1 axis is shown in figure 3. This fig- 
ure has not been adjusted for after-fuselage modifications of the model. 

Instrumentation 

The model forces and moments were measured by a six-component strain- 
gage balance. !Fhe model axigle of attack was determined from the static 
angle of attack corrected for deflections under load. These deflections 
bad been established during static 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 yodel 
base pressures were measur$i by orifices located just inside the model 
base on the supporting sting. 1 

Tunnel ma Supporting. System 

The investigation was conducted in the Langley 16-foot transqnic 
tunnel 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 CORREiCTIONS 

Because of the low design load factors required of this airplane 
and of the balance limiting loads, the angle-of-&tack range was gener- 
ally between the limits of -so and 6'. At the highest Mach number 
tested (l.Og), 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 withia tO:l". In order to obtain the ptilished 
values, adjustments have been made for model support and balance deflec- 
tions under load.. 

The Mach nuder r&ode@ is believed to be accurate witbin 20.005. 
The data at low supersonic Mach ntiers 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 above about 1.09, a 

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

~-_I----  
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to theaforce 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 nuniber with Mach number for this investi- 
* gation is presented in figure 4. The values are based on the mean aero- 

dynamic chord and averaged about 3.7 x 106. 

RESULTS AND DISCUSSION 
. 

Internal Drag 

The internal drag was essentially invariant with angle of attack 
but was affected by Mach number (fig. 5). Ihternal-drag coefficient 
(based on wing area) increased 43 percent between Mach rnmibers of O.& 
and 1.00. The average mass-flow ratio based on inlet area was 0.75. 
The internal drag was evaluated to a Mach nuder 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 nmber 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 angles of -0.82~ a;nd -3.020 are presented in figures 7 asd 8, 
respectively. Figure 9 presents the characteristics of the modelwith- 
out the engine nacelles. 

The angle-of-attack range of the investigation was not sufficient 
to define any gross nonlineadties 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, 
avegaged about 0.086 throughout the %ch nuder 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 Mac@ number of 0.a 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. 

r 
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Mach number range from 0.84 to 1.03 indicate; a rearwad aerodynamic- 
center movement of 21 percent for the tail-off configuration (fig. ll). 
The change in magnitude of aCm/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 nurribers of 0.95 an& 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 intbis 
narrow Mach nmber 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 sxises from a rapid vsri- 
ation in stream direction bebind the nacelles over the rear portion of 
the body as the angle of attack is varied. This change in stream direc- 
Cion is apparently caused by strong vertically.asymmetric shocks in the 
vicinity of the nacelle exit at Mach numbers of 0.95 and O.gn and is 
confined to a small lift range near zero. Some verification of this 
reasoning may be obtained from inspection of the dCm/dCL values for 
the model with the nacelles removed. The latter curve (fig, ILL), 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 lift 
coeffTZ&t of 0.3 are presented in figure 12. The configurations chosen 
for this figure all bad a tail incidence of -3.O2O. For this tail sett5ng, 
the model trimned'at about an average lift coefficient of -0.05. 

The limit test Mach nmber 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 coqplete model between the Mach 
nmers of 1.00 and 1.09 has also been indicated on figure 12. The meas- 
urea drag in this range of Mach number is affected by wall-reflected 
disturbances which impinge on the forepart of the boay in the lower por- 
tion of this range, thus increasing &rag to an artificially high value, 
and on the body aft of the maximum cross-sectional area 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 may be 
attributed to the concentration of cross-sectional area of the principal 
airplane component's as shown on the area 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 nuder at which dCD/dM = O.l), 
For example, removing the nacelles impr6ves the area distribution somewhat 
(fig. 3) and increases the force-break Mach number by about 0.020, 
fig. 12.) 

(See 
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The rather intense shocks/g/eerated by the large cross-sectional 

area are shown in the sample shadowgraphs of figure 13. The intensity 
of the shocks in the vicinity of the nacelles is probably an indication 
of concentration of these shocks in a spanwise as well as chordwise 
direction. Removing the nacelles had a large effect in reducing the 
apparent intensity of the shocks but had very little effect on their 
position, as would be expected from an inspection of figure 3. 

CONCLUSIONS 

Longitudinal-performance information obtained during an aeroQnamic 
loads investigation of a model of the &r-tin XP6M-1 flying boat at tran- 
sonic speeds leads to the following conclusions: 

'1. The model has a transonic drag-rise coefficient of 0.0728 and a 
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- 

‘ aynamic data. 

2. The aerodynamic center shifts rearward 21percent of the mean 
aerodynamic chord with increase in Mach number from 0.84 to 1.03. The 
gradual progression of the aerodynamic center is interrupted at a Bhch 
ntier of about 0.975 by an abrupt forward shift of 8 percent. It is 
believed tbat the strong shocks in the vicinity of the nacelle exit 
caused a rapid adjustment in stream direction behind the nacelles and a 
resulting reduction in stability. 1. * 
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Figure l,- Sketch of the 0.045-scale wind-tunnel model. All dimensions 
are ih inches. 
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Figure 2.9 Three-quarter front view of model installed in the Langley 
l6-foot transonic tunnel. 
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Figure 3.- Longitudinal distribution of cross-sectional area of seaplane. 
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Figure 5.- Total internal-drag coefficient of the four nacelles. 
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Figure 6,- Aerodynamic characteristics of model without horizontal tail. 
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Figure 6.- Continued. 
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Figurz 7.- Aerodynam ic characteristics of com plete m odel. it = -0.82’. 
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Figure 8.- Aerodynamic characteristics of complete model. it = -3.02'. 
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(b) Drag coefficient. 

Figure 8.- Continued, 
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Figure gO- Aerodynamic characteristics of model without engine nacelles. 
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(b) Drag coefficient. 
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Figure lO.- Effect of Mach number on lift-curve slope. Model without 
horizontal tail. 
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e-87922 Figure 13.- Shadowgraphs of complete model obtained in transonic flow. 
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