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NATTONAT, ADVISORY COMMITTEE FOR AEROWAUTICS

RESEARCH MEMORANDUM

LTMITED EYDRODYNAMIC INVESTIGATION

OF A-%%-—SIZE MODEL OF A MODIFIED NOSE-INLET

MULTIJET WATER-BASED ATRCRAFT

By Robert E. McKann and Claunde W. Coffee
SUMMARY

An investigation was conducted to determine the effect on the low-

speed resistance and sprey characteristics and static transverse stability

JN . . 1 .
of a modification which extended the bow of = ie-51ze model of a nose-
D -

inlet transonic seaplane configuretion. The Investigation was made with
and without tip floats.

An increase in bow length of 0.6 beam decreased the hump resistance
eporoximately 50 percent and improved the low-speed spray charescteristics.
Removal of the wing-tip floats reduced the resistance prior to hump speed
but had little effect on the hump resistance. A roli angle of 8° with
the tip floats off resulted in & static righting moment egual to that
provided by full submergence of the tip float, which occurred at s roll

o
angle of L&,
2
INTRODUCTION

The results of an investigation of the aerodynamic and hydrodynamic
characteristics of models of two transonic, multijet, water-based air-
craf't were reported in reference 1. The transonic ares rule (ref. 2)
was used as a guide in shaping these bodies. In an attempt to achieve
minimum transonic drag rise and low wave drag at supersonic speeds, these
hulls were given high fineness ratios and smell hull cross-sectional
aree. In the interests of aerodynamic cleanness, previous hydrodynamic
design criteris were deliberately violated. For the nose-inlet configu-~
ration the bow height was kept low, engine inlets were placed close to
the water, forebody verticel chine strips were faded cut short of the
bow, and the hull sides were bulged sbove the chines by engine ducting.
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Wing-tip floats were retained for both configurations, though they were
known to add appreciable drag at transonic speeds.

would be expected, sore undesirable hydrodynamic characteristlcs
were encountered. As showr in reference 1, the hump resistance of the
nose-inlet coafiguraticn was high, the clearance of 'the nose inlet at
low speed was margiral, and tne low-speed spray ard flow on the forebody
were heavy.

The present paper deals with a mcdificetion of the nose-inlet con-
figuration to imorove the low-speed, free-to-trir resistance as well as
the low-speed spray cheracteristics. Included in this investigation
was tne effect of wing-tip floats on the low-speed resistance. The
static transverse siebility (righting moment at rest) of the huil and
wing with and without tip floats was also determined.

SYMBOIS

Be elevator deflection referred to stabilizer chord, positive when
itrailing edge is down, deg

&p Tlap deflection, referred to wing chord, positive when trailing
edge is down, deg

5g stebilizer deflection referred to forebody keel at step, posi-
tive when leading edge is up, deg
FAWN gross load, 1b

DESCRIPTION OF MODEL

The l/l5-size Gynamic model of the basic nose-inlet configuration
of reference 1 was altered so as to increasse the forebody length by
0.6 beams, with no increase in the maximum cross-sectional area of the
hull. The fineness ratio of the equivalent hody was thus lncreased to
12.9 frore 12.5 for the basic configuration. The forebody chines were
extended all the way forwsrd cn the modified configuration. The duct
iniet was raised and extended forwesrd but the upper portion of the duct
end the gltered caxnopy were rot completely simulated for the tank tests.
Photographs of the basic- and the extended-bow configurations are shown
ir figure 1. The general-arrangement and hull-lines drawings of the
two confligurations are showr in figures 2 and 3, respectively. All
dimensions are given in full size.
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The longitudinal distribution of cross-sectionsl area was main-
tained smooth and fair for the altered body as shown in figure L. The
modification was faired out at approximastely 65 feet (full size) behind
the originel bow.

APPARATUS AND PROCEDURE

A description of lLangley tank no. 1 and the towing carriage is
given in reference 3. The model was free to trim and free to rise but
was otherwise restralned for these tests. Trim and rise were taken as
zero when the forebody keel gt the step was tangent to the undisturbed
water surface.

The free-to~trim resistence of the complete model, inciuding air
drag of the model and towing stafi, was determined for various stgbi~
lizer and elevator deflections over a range of constent speeds with
O° flep deflection. The air drag of the towing staff was subtracted
as a tere from the totel resistence. Sprsy observations and photo-
grevhs were obtained during these runs.

Trim'and static rolling moment were recorded with the tip floats
on and off. The model was mounited free-to-trim on a dynamometer fixed
to the towing staff which measured the rolling moment for a range of
setting of the roll angle. !

RESULTS AND DISCUSSION

All values as presented are full size.

The total resistance and the corresponding trim snd rise of the
extended-~-bow configuretion end the basic configuration for variocus
elevator and stabilizer deflections are shown in Ffigure 5 with 0° flaps
and a2 gross load of 160,000 pounds up to = sveed of approximately
100 knots. The hump resisterce’ of the extended-bow configurastion was
epproximately 50 percent less thsn that of the basic configuration,
inereasing the hump gross-load-~total-resistance ratio from 2.3 to 4.5.
The speed at which hump resistance occurred increased from U8 to 55 knots
when the bow was extended. At speeds gbove 100 knots the modified por-
tion of the hull was not wetted end no significant difference in results
would be expected.

Increases in both trim and rise occurred prior to hump speed as s

result of the bow exiension and were accompanied by elimination of flow
above the chine and cver the bulge of the fecrward engines thet had been
3]
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present or the basic configuraticn. The decreased resistance resulted
fror the highe» trim angle, the lesser wetted area, and the elimination
of the flow along the transverse curvature of the forward engines.
Irprovement was also marked in the grester clesrance of the engine in-
lets from the tow spray.

The tctal resistance, trim, and rise for e gross load of
200,000 pounds (25-~percent cverload) and O° flaps are presented in
figure 6. The speed for hurp resistance remsined about 55 knots. The
gross-lcad—hurp-resistance ratio is ebout 3.3 as comvared with k.5 at
a gross load of 160,000 pounds. Spray at this overload condition was
still accepteble, although little reserve clesrsnce of the engine Iin-
lets is availasble for operation in waves.

The effect of removing tip floats on resistance, trim, and rise
is shown in Figure 7. Prior tc hump speed (epvroximately 55 knois) a
slight increase in Trim resulted Zrom the removal of the tip floats and
a decrease in resistance was roted. The decresse in registance was
approximately 2C percent at 40 knots and 11 percent at 55 knots. There
was little change ir the hurp resistance. Without the displacement of
whe tip floats, the hull rides slightly deeper in the water at low
speeds bubt rises sorewhat faster as the model trims -higher at hump
speed without the restrainirg negative roment of the floats.

Sprsy photograrhs of the basic and the extended-bow configurations
are shown in figures 8 and 9(a), respectively. At 22.9 knots the
greater clearance of The engine inlets of the extended bow ahead of and
ebove the bow svray is visible. Also evident is the effectiveness of
+the bow extension in vreventing flow above the chines and over the
ducts. Approximately a 22-vercent reduction in resistance was found
at this speed.

At 40.1 knots the extended bow corfiguration had greater engine-
inlet clearance and less spray on the sides and wing. At this speed
there was e reduction in resistance of 56 percent. AL 57.2 knots
iittle difference ir the.sprey patierns is noted.

The effect on the spray cf removal of the tip floats may be
cbserved by comperirg figures 9(a) and 9(b). As a result of the
removal cf the tip floats there appesrs to be heavier flow along the
sides of the afterbody prior to hump speed. This difference in flow
might be expected from the slightly higher trims and hull lcads
resulting when the tip floais are removed.

The static rolling moment for a range of roll angles and the cor-
respondirng trim with the tip floats on and off are presented in fig-
ure 10 fcr three gross loads. With the tip floats off, the upsetting
moment resuliting from the negative metaceniric height is not balanced
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py the wing righting moment until a roll angle of 49 is reached at the
norral-load conditicn. The righting moment of the tip float fully sub-
50
A
merged at a roil angle of 45 is equaled by the moment due to the wing

buoyency with the float off at an angle of roll of 8% ir tine normal-

load condition. At heavier gross-load conditilons the righting moment
with or without tiv floats increases with load for a given angle -of roil.
The trims are the same or slightiy greater with tue tip floats off as the
model is rolled.

CONCLUDING REMARKS

A modification extending the bow and vertical chine strips of the
nose-inlet transonic seaplane configuration was found to result in &
50-percent reduction in trhe hump resistance, increesed engine-inlet
clearance, reduced low-speed spray and hull-side flow, and accevotable
spray and resistence at 25-percent overload. Removal of the wing-tip
floats was found to reduce tre resistance prior to hump speed, but to
have little effect on the hump resistance. The siatic righting moment

provided by full submergence of the tip floats &t a roll angle of L%P

was equzaled by the moment due to the wing buoysncy with floats oif at
a roll angle of 8° in the normal-load condition.

Langley Aeronasutical leboratory,
Nationsl Advisory Committee for Aeronautics,
Iengley Field, Va., October 21, 1955.
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(&) Basic-bow configuration.

(v) Extended-bow configuration. L-9053%0

Figure 1.- Photographs of the nose-inlet model (Langley tank model 323).
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—-— ~Extended bow

Figure 2.- General arrangement of nose inlet configuration.
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TFigure 3.- Hull lines of nose inlet config{:ration.
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Figure L.- Area distribution of nose-inlet configuration. (A11 dimensions are full size.)
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Figure 5.- Variation of total resistance, trim, and rise with speed. Tip
floats on; A, = 160,000 1b; &p = O°.
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Figure 6.- Variation of total resistance, trim, and rise with speed of
the extended-bow configurastion. Tip floats on; A, = 200,000 lb;

8g = 0°; B¢

0°; 8¢ = 0O°.
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Figure T.- Effect of tip floats on the total resistance, trim, and rise
of the extended-bow configuration. 4, = 160,000 1b; B¢ = O°.
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57.2 knots
v = 5.4°
. C _ L-87535
igure 8.- Spray vhotogrephs of basic-bow configuration. L = 160,000 1b;
8= = 0°. B ’
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Speed, 57.3 knots; trim, 5.5°.

(a) Tip floats on.
L-905351
Figure 9.- Spray photographs of extended-bow configuration.

£ = 160,000 1b; &¢ = 0O°.
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Speed, U0.1 knots; trim, 2.9°

Speed, 57.3 knots; trim, 5.8°

(b) Tip floats off.

Figure 9.- Concluded.




3G

NACA RM L55J19

Gross load, 4, 1b
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(a) Tip floats off.

(b) Tip floats on.

Figure 10.- Static properties of extended-bow configuration.
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