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NATIONAL, ADVISORY COMMITTEE FOR AFRONAUTICS
RESEARCH MEMORANDUM
for the

Bureau of Aeronautics, Department of the Navy

TANK INVESTIGATION OF THE HYDRODYNAMIC CHARACTERISTICS
OF A 1/13.33-SCALE JET-POWERED DYNAMIC MODEL OF THE

MARTIN XP6M-1 FIYING BOAT

TED No. NACA DE 385

By Arthur W. Carter and Ulysse J. Blanchard
SUMMARY

A tank investigation was made of the bhydrodynamic characteristies
of a 1/13 33-scale jet-powered dynamic model of the 160,000-pound Martin
XP6M-1 flying boat. Iongitudinal stability during take-off and landing,
resistance of the complete model, spray characteristics, flap loads, and
effect of sinking speed in smooth and rough water are presented, as well
as behavior during taxiing, take-off, and landing in rough water. The
effect on spray of two bows and several bow-spray-strip modifications
and the effect on resistance of afterbody chine strips also are presented.

INTRODUCTION

A brief investigation of the hydrodynamic cheracteristics of a
preliminary design of the Martin XP6M-1 flying boat was described in
reference 1. The results of a transonic wind-tunnel test of this con-
figuration are presented in reference 2. The hydrodynamic investigation
indicated a need for revision of the hull lines of the model, particularly
in the region of the step. The present investigation, requested by the
Bureau of Aeronautics, Department of the Navy, was conducted in order
to evaluate the hydrodynamic chearacteristics of a revised, powered dynamic
model which was representative of the final design of the XP6M-1. Tank
tests were made of the revised model and of several bow modifications to
improve bow spray charactgpgistics in rough water.
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e The hydrodynamic qualities investigated include longitudinal
. stability during take-off and landing, resistance of the complete model,
soe spray characteristics, flap hinge moments, and effects of sinking speed
:2‘: in smooth and rough water, as well as behavior during taxiing, take-off,
I and. landing in rough water. The effect of afterbody chine strips on
.o rough-water resistance also was determined.
SYMBOLS

g acceleration due to gravity, 32.2 ft/sec?

H.S. hull station, in.

ny vertical acceleration at center of gravity, g units

R total resistance, 1b

Vv carriage speed, knots

Vu horizontal velocity, knots

Vy vertical velocity (sinking speed), ft/min

W.L. water line, in.

@ angular scceleration, radians/sec?

4 flight-path angle, deg

of flap deflection, deg

GIY stebiliger deflection, deg

Ag gross load, 1b

T trim (angle between forebody keel at step and horizontal), deg

TL landing trim, deg

SNk
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P DESCRIPTION OF MODEL

::': The 1/ 13.33-scale jet-powered dynsmic model (Lengley tank model 316)
[P is shown in figures 1 and 2. The general arrangement of the seaplane is
e shown in figure 3. The hull was generally similar to that used in the

investigation described in reference 1. The principal changes were an
increase in the radius of the curved forebody bottom near the step,
installation of the spray strip on the bow rasdome, addition of spray
strips on the tip floats, removal of the step fairing, and close atten-
tion to pertinent detall in reproducing the hull lines, particularly in
the region of the step. The hull bottom, which was supplied by the
Glenn L. Martin Company, was constructed of mahogany end mated to the
upper section of the original Fiberglas and plastic model (ref. 1). A
Fiberglas and plastic bottom molded from the mahogany bottom was used
during parts of the tamk investigation.

The wing was the same as that used during the tests described in
reference 1, but the tip floats (figs. 1 and 2) were modified to provide
more hydrodynamic 1lift. The lift was increased by adding spray strips
to the after portion of the float, not only to increase the beam but
also to insure that the water broke cleanly from the chines. The leading
edges of the nacelles were cut back to correspond to the latest available
informastion, and afterburners were added. The slats and flap installa-
tion were the same as those described in reference 1.

Jet power was simulated by compressed-air nozzles mounted in the
nacelle ducts as described in reference 1. The jets provided approxi-
mately 45 percent of the scale thrust. Approximately scale air inflow
was obtained.

The pitching moment of inertia of the ballasted model was

5.3 slug-feetz. The ratio of elevator deflection to stabilizer deflec-
tion for the all-movable tail was approximately 2.5 to 1.

The following configurations were tested:

Model 316 (figs. 1 and 2) - This model was the basic configuration
as received from the Glenmn L. Martin Company.

Models 316-1 to 316-9 - Bow-spray-strip modifications were formed
by adding plastic spray strips to the model. (With the exception of the
wide strips of model 316-9, all spray strips were supplied by the Glenn
L. Martin Compeny.)
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Location of strip, in.

vodel. |pigue] T | AR | e etrp, | to pal,

Stetion| "oT | gtation | Nover | dce
316-1 | 4(a) 51 96 80 57 5 60
316-2 | 4(b) 90 96 119 53 5 45
316-3 | 4(c) 105 100 135 60 5 60
316-4 | 4(a) W7 5 2 65 6 90
316-5 | L(e) 90 96 150 51 6.5 90
316-6 | %(f) 90 96 150 51 T 45
516-7 [%4(g) | 65 96 | 138 52 5 45
316-8 |2l (n) 65 96 138 52 5 45
316-9 | 4(i) 30 93 213 54 10 90

8Tn addition, s vertical chine strip extended downwerd 6.5 inches
from station 96 to station 290.

Prhe vertical chine strips of model 316-7 were set at 45° to the
horizontal,

Model 316-10 (fig. 4(Jj)) - The chines of the basic model were
extended forwerd to hull station 30.

Model 316-11 (fig. 4(k)) - This model was the same as model 316-10
with a vertical chine strip extending downward 1.5 inches from station 30
to station 350.

Model 316-12 (fig. 5(a)) - A 3.33-inch-wide horizontal spray strip
was added to the afterbody of the basic hull. These strips were located
approximately at the point of meximum beam and extended from hull sta-
tion 685 to station 1,026.

Model 316-13 (fig. 5(b)) - The afterbody spray strips of model 316-12
were extended aft to hull station 1,426,
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Model 316A (fig. 6) - The bow and chines were extended 39.2 inches
(full size) forward of basic hull station O, and the bow radome was
eliminated. Hull lines aft of station 212 were the seame as those of
model 316. This modification, designated the ' hydrodynamic bow," was
of built-up construction and was designed and supplied by the Glemn L.
Martin Company. The pitching moment of inertia of the ballasted model

with the hydrodynamic bow was 4.5 slug-feetZ.

APPARATUS

The investigation was mede Iin Lengley tenk no. 1, which is described
in reference 3. The apparatus generally used for testing dynamic models
is described in references 4, 5, and 6. The setup of a model on the
towing apparatus is shown in figure 7.

A schematic drawing of the setup used to determine the resistance
in rough water is shown in figure 8. A force pickup (strain gage) was
attached to the front of the roller cage of the fore-and-aft gear. Iong
rubber strands attached to the force pickup had a spring constant of
gbout 1.5 pounds per foot.

The setup used during free-body landings is shown in figure 9. The
model was towed from two brackets located on the wing. A tail support
prevented the model from changing trim prior to launching. The wing
brackets were slotted so that, with a sudden deceleration of the towing
carriage, the inertia of the model caused the model to fly free of the
gear.

PROCEDURE

All data were obtained at a gross load corresponding to 160,000 pounds,

with a flap deflection of 40°, and with the center of gravity located at
28.5 percent mean aerodynamic chord unless noted otherwise.

Trim limits of stebility.~ The trim limits of stability were deter-
mined without power at constant speeds by use of the methods described
in reference 4. The trims at which porpoising started were observed and
recorded.

Accelerated take-offs.- The longitudinal stability during take-off
in smooth and rough water for various tall settings was determined by
meking accelerated runs up to teke-off speed with power and a constant
rate of acceleration of 3.5 feet per second per second. Because the
jets provided only 45 percent of scale thrust, a weight moment was added
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to provide the additional pitching moment associated with full-scale
thrust. The trim, rise, accelerations, and speed of the model were
recorded.

Landings with fore-and-aft gear.- The landing stebility in smooth
water and the landing behavior in waves were investigated with the model
free to move fore and aft. The model was trimmed in the air to the
desired landing trim at a speed slightly above flying speed and the
towing carriage was decelerated at a uniform rate; this technique allowed
the model to glide onto the water and simulate an actual landing. The
landings were made without power. During landings in smooth water, the
tail surfaces were set so that the model was in trim at the instant of
contact. The landings in rough water were made at a trim of 12° with
the tail surfaces set for a trim of 8%, so that a bow-down asrodynamic
moment was gpplied immediately upon contact with the water. Im order
to maintain longitudinal freedom, the rates of deceleration were approxi-
mately 6.5 and 8 feet per second per second in smooth and rough water,
respectively. Landings were made in waves 4, 6, and 8 feet in height
(full size). The initial landing approach was made with the sternpost
8 inches sbove the static water level. After initial contact, the model
was allowed vertical movement to a height of 28 inches above the static
water level.

In order to determine the effect of high sinking speed on the landing
behavior, landings were made with the initial sinking speed increased to
approximately 1,500 feet per minute (full size). With the forward speed
slightly below flying speed, the model was locked sgainst the rise stop.
Air pressure was applied to the rise-stop cylinder to give the model an
initial downward force. As the carriage began to make the decelerated
run, a bomb release attached to the cable supporting the model was tripped.
After the initial force was applied by the compressed air, the model was
free of the rise stop and no additional external force was applied as the
model made the landing.

Trim, rise, fore-and-aft position, accelerations, and speed were
recorded.

Free-body landings.- Free-body lendings were mede in smooth water
and in waves. The model was towed in the air at the desired landing
trim and at a speed slightly above flying speed. By suddenly applying
brakes to the towing carriage, the model was launched ashead of the
carriage as a free body. The behavior of the model was photographed
and visual observations were made.

Sprey charscteristics.- The spray characteristics in smooth water
and waves were determined from visual observations and from motion pic-
tures of taxiing, take-offs, and landings.
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Flap hinge moment.- The flap hinge moments were determined during
take-off in smooth water and during texiing end landing in -raves. The
output from the strain gage and the speed were recorded.

Resistance.~ The free-to-trim resistance of the complete model was
determined at constant speeds. In smooth water, a sufficient number of
tail deflections were investigated to determine the minimum resistance
for stable trims at each speed. In rough water, the force pickup
attached to the roller cage was used to measure the total resistance.

At each constant speed, the tension in the strands of rubber was adjusted
by means of a winch on the towing carriuge until the model was free of
the stops on the fore-and-aft gear. The total resistance as indicated
by the force plckup was then recorded.

RESULTS AND DISCUSSION

All test results have been converted to values corresponding to
the full-size flying boat.

Trim limits of stability.- The trim limits of stability for the
basic model (tank model 316) are presented in figure 10. An intermediate
region of mild instebility was noted just dbove the lower limit. Similer
porpoising was noted during the investigation described in reference 1.
Sufficient data were not obtained to define this region. When the upper
limit, increasing trim, was encountered, the afterbody appeared to stick,
and a large bow-down gerodynamic moment was required to recover from
upper-limit porpoising. When a sufficient moment was applied, the model
would recover but, because of the sudden change in trim, the wvalues for
the upper limit, decregsing trim, could not be obtained accurately.

At speeds near take-off, the trim limits were indetermineble for
the basic hull. Divergent porpoising was encountered in accelerating to
these speeds before a constant speed could be obtained. Recovery from
this porpoising could not be made by use of the tall surfaces, and the
test runs had to be discontinued.

With afterbody chine strips (model 316-12), stsble constant-speed
runs were possible at all speeds up to getaway.

Accelerated take-offs.- The variation of trim with speed during
take~-off in smooth water is shown in figure 11 for the basic model with
various stebilizer settings. At low stebilizer settings (8¢ = -k.5°

to -6°), the trim remained sbove the lower limit but intermediate por-
poising (small amplitude and nondivergent) between the limits was
encountered. At higher stsbilizer settings (8¢ = -6.5° to -9.5°),
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upper-limit porpoising was encountered. In general, the take-off sta-

bility appeared to be satisfactory and porpoising amplitudes did not
exceed 2.20 for stabilizer settings below -6.5°.

The data obtained during take-offs in 2-, L~, and 6-foot waves are
presented in table I. The variation of trim and rise with speed for a
typical take-off in 4-foot waves is shown in figure 12. A comparison
of the take-off data with the landing data (tables II, III, and IV)
indicates that the maximum vertical and angular accelerations and the
motions in trim were approximately the same for take-off as for landing.

Landings with fore-and-aft gear.- Typical time histories of trim,
rise, and speed during landings in smooth water are presented in fig-
ure 13, The maximum variation of trim and rise and the number of skips
(hull left the water) are presented in figure 14 for various landing
trims. The trim and rise cycles were small at landing trims below 10°.
At landing trims above 10°, the model landed above the upper trim limit
and porpoising was encountered. This porpoising increased the magnitude
of the trim and rise cycles, but the motions were not violent. In gen-
eral, the landing stability in smooth water was excellent.

Pertinent data for the impact which resulted in the maximum accel-
eration during each landing in waves are given in tables II, IIT, and IV
for wave heights of 4, 6, and 8 feet, respectively.

The effect of wave length on the rough-water landing characteristics
in 4-, 6-, and 8-foot waves is presented in figures 15(a), 15(b), and
15 (c), respectively. The maximum vertical and angular accelerations for
each landing and the trim and rise at the greatest cycle are plotted
against wave length. In general, the accelerations, trim, and rise did
not vary greatly with wave length. At the critical wave length (wave
length at which the maximum acceleration occurred), an increase in wave
height from 4 feet to 6 feet increased the maximum vertical and angular
accelerations approximately 30 percent; an increase in wave height from
4 feet to 8 feet increased the maximum vertical and angular accelerations
approximately 50 and 60 percent , respectively.

Effect of high sinking speed on landing behavior.- The effect of
high sinking speed on the landing behavior in smooth water is shown in
figure 16(a). The trim and rise cycles were greatly increased by an
increase in initial sinking speed from 335 to l,h65 feet per minute.
The effect of the high sinking speed on the motions in trim and rise
persisted during a large part of the landing run.

Pertinent data obtained during landings at the critical wave length
are given in table V and are plotted in figure 16 (b) for wave heights
of 4, 6, and 8 feet. The higher sinking speed caused a considerable
increase in both the accelerations and the motions. In order to avold
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damage to the model, landings in 8-foot waves with the high sinking speed
were discontinued after one landing.

Free-body landings.- Free-body landings were made at gross loads
of 123,000 and 160,000 pounds in smooth water and in waves 2, 4, and
6 feet high. The behavior and motions of the model during these landings
appeared to be similar to those obtained during landings in the fore-
and-aft gear. No evidence of directional instability was noted. After
one landing in 6-foot waves, the test was discontinued because the
deceleration of the model was grester than that of the towing carriage
(14 feet per second per second) from which the model was launched.

Spray characteristics.- In smooth water, the windshield and duct
inlets of the basic model were clear of spray at all speeds. Water
flowed over the wing tips Jjust inboard of the tip floats up to a speed
of 45 knots. Spray struck the afterburners at speeds between 45 and
60 knots. Spray on the LQO flaps was heavy over the speed range from

30 to 65 knots. A typical spray pattern at a speed of spproximately
T0 knots in smooth water is shown in figure 7.

In rough water, the spray entered the duct inlets of the basic
model at all wave heights investigated. In 4-foot waves the windshield

was wetted, and in 6- and 8-foot waves the spray covered a large portion
of the wing.

In general, the various bow spray strips (models 316-1 to 316-8)
eliminated the spray from the inboard duct inlets in waves up to 8 feet
high and from the outboard inlets in 2-foot waves. For most of these
configurations, spray entered the outboard inlets in 4-, 6-, and 8-foot
waves., The diagonal strips on model 316-5 appeared to be the most
effective in reducing the spray entering the duct inlets. Vertical
chine strips in combination with the diagonal strips (models 316-6
to 316-8) had little effect on the amount of spray entering the inlets.

The wide spray strips of model 316-9 eliminated spray ia the inlets
in the 2- and 4-foot waves and the spray in the outboard ducts was light
in 6~ and 8-foot waves. This modification gave an indication of the

size of strip required to have an gpprecisgble effect on the spray entering
the outboard inlets.

The spray characteristics of the configuration having an extended
chine (models 316-10 and 316-11) appeared to be approximately the same
as those of the basic model.

With the "hydrodynamic bow'" (model 316A), the inboard duct inlets
were clear of spray in waves up to 6 feet in height and the outboard

inlets were clear of spray in waves up to 2 feet in height. In 8-foot
waves, heavy spray entered gll inlets.
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Flap hinge moments.- The varistions of trim, rise, and flap hinge
moment with speed in smooth water are shown in figure 17 for flap deflec-
tions of 10° and 4Q°.

The variation of flap hinge moment with speed during power-on taxiing
in waves is shown in figure 18(a) for a flap deflection of 10°. The maxi-
mmm hinge moment was obtained at approximately 55 knots in all wave
heights.

The variation of flap hinge moment with speed during landings in
4. and 6-foot waves is shown in figure 18(b). These data sre for one
landing at each wave height.

Resistence.- The total resistance and trim for the basic model in
smooth water are presented in figure 19. The solid lines represent the
mininmm total resistance and the trim for minimum resistance.

The effect of wave height on the average total resistance was deter-
mined for model 316-5 in 2-, 4-, and 6-foot waves. Data are presented
in figures 20(a), 20(b), and 20(c) for flap deflections of 0°, 100, and
409, respectively. The resistance in smooth water would be substantially
the same as that of the basic model (fig. 19) since the bow strips were
not wetted except at very low speeds. The resistance in 2-foot waves
was slightly greater than that in smooth water but increased rapidly with
further incresse in wave height. A comparison of the resistance with the
three flap deflections indicated that 40° flaps were not advantageous at
speeds below 90 knots.

The effect of gross load on the total resistance in 4-foot waves is
shown in figure 21, At hump speed, the total resistance at the lightest
load (140,000 pounds) was approximately 25 percent less than that of the
heavier loads (160,000 pounds and 180,000 pounds). At intermediate
planing speeds, the increase in total resistance with gross load was
uniform.

The effect of wave length on the total resistance in rough water
is shown in figure 22. An increasse in wave length reduced the total
resistance in both 4~ and 6-foot waves.

The effect of afterbody strips on the total resistance in waves is
shown in figures 23 and 24 for models 316-12 (short strips) and 316-13
(long strips), respectively. In general, the effects of afterbody strips
were small and indefinite.
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CONCLUDING REMARKS

Tank tests of a 1/15.33-scale dynamic model of the Martin XP6M-1
flying boat indicate that the longitudinal stability during take-off
was satisfactory and the longitudinal stability during landing was
excellent. The maximum accelerations and the motions in trim were
approximately the same for take-off and landing in waves. High sinking
speed greatly increased the accelerations and motions in trim and rise.
No evidence of directional instability was noted during free-body
landings in smooth and rough water. In smooth water, the windshield and
duct inlets of the basic model were clear of spray at all speeds. In
waves, spray entered the duct inlets of the basic model at all wave
heights. In general, the various bow-strip modifications eliminsgted the
spray from the inboard duct inlets in waves up to 8 feet high and from
the outboard inlets in 2-foot waves. The average resistance in 2-foot
waves was slightly greater than that in smooth water but incressed
rapidly with further increase in wave height.

Langley Aeronautical Lsboratory,
National Advisory Committee for Aeronautics,
Lengley Field, Va., March 18, 1955.

Arthur W. Carter
Aeronautical Research Scientist

sgﬁ J. Blanchard

Aeronautical Research Scientist

spproved: s Vo%

John B. Parkinson
Chief of Hydrodynamics Division
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TABLE I,~ DATA OBTAINED DURING TAKE-OFFS

I WAVES FOR MARTIN XP6M-1 FIYING BOAT

[All values are full size]

90aSGIS WY VOVN

Maximum acceleration
Wave Wave
Take-off
he;fht’ le?fth’ T, deg | Vy, £t/min | Vg, knots | 7, deg |ny, g units| o r;;"?im
1 2 200 3.2 800 113.0 %.00 2,1 2.0
2 2 200 2.8 857 116.0 k.17 2.4 2.3
3 2 200 k.1 g2 112.1 k.75 3.1 ———
4 2 200 .7 703 114.0 3.48 2.5 ——
5 2 200 2.3 762 105.8 4,07 2.4 ———
6 2 200 3.0 857 10k.7 4,62 2.9 -——
T L 200 5.2 335 109.3 1.73 2.1 2.9
8 4 200 5.4 TTL - 119.2 3.65 4.2 3.9
9 ) 200 k.7 668 121.0 3.12 3.0 3.5
10 L 200 3.3 605 110.8 3,08 3.1 3.9
11 4 200 5.0 705 120.8 3.30 4.5 4.5
12 4 200 6.5 697 97.4 .05 3.3 4.0
13 4 200 5.6 521 108.0 2.73 2.3 3.2
s )3 200 4,9 605 125.8 2.76 2.6 3.1
15 4 200 6.0 605 122.5 2.79 3.3 3.6
16 4 200 3.7 1,139 11%.5 5,62 5.0 -
17 4 200 k.7 892 117.5 4.28 4.5 ———
18 6 200 7.5 968 112.5 4.84 5.8 —-——
19 6 200 4.7 881 117.5 .23 5.0 ——
20 6 200 6.2 12 122.9 1.90 3.4 ———

¢t
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TABLE IT.~ DATA OBTATNED DURING LANDINGS IN WAVES
} FEET HIGH FOR MARTIN XP6M-1 FIYING BOAT

[All values are full sizz_]

mg 99987005\40 |u.26h.6220 9688\48661.&.96 53121265612 .L.33291367
r% h».\425‘4.u.‘u.2|4.u. h.335557\u. 211.45333.423 12335312232 52532.&.523
A
g
-]
Fo)
I~ \4.4215.4\43334 h.h.stXJzJD__Dh. 22223h.227)h.22 222}5.4222222 \4222}22252
-~
-
gl § |oUEoOESNNR QERRESETS NROSRULEIENR SRESHI55IYY 33049348
Sl o2 VAo trd Al NS A8 ArfanEAanraddad  nad =4 dadd .432373383
i
o )
m ..m 52219210:./"“ 67897—4&5 55715379.&.123 10.2 orbhnR/.u»..J/OooJ J91867h.35
H N - O P 41} LY org = L) -3 0 MO A B
| | §adgdgssdy sRdsyiEd RRdedRddREdY 4484988908 HNEaAE,
=
m INNO AHR IO KO\ o — A b-\D mQ/ O\ b=\ rd O Nt O \D ma O\ b=
T | RRIINBBSRR RENBREGR IRBABHIELEER S3IARBAIJLE RESLELERE
> " e -~ A e e ~l ) - o
w
.ws R/J.n»...u»..o--ﬁurnw:./h-.nw-/ Rw—ozud(whﬂa./d 566#&:.//&:-}7”495 02.&.15\455925 03171278‘4
- A IN\D MO IN\D O N ¢ & \0 INE N - [V JE JIQV. oW & - - )Y 5\45535655|4.5 355563553
-
»
m. 217)2.&.263%2 NSO HAUN AN A 2257).&.\43&4223 21135112“—
=y
Q [afatalatal 0 0000 [eNoRoRoRoNoNeRoRel [eXe] [= o jo =] o000 o
mmﬁ BEEEREEEEE 88838888 33383338888 888388888888 NNNRRERER
m Aansnorooo gOYNLRSN S2RFYNINENRR RANRKARRRRA IYDILYEY

8Tmpact for meximum engulsr acceleration.
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TABLE IIX.~ DATA OBTAINED DURING LANDINGS IN WAVES
6 FEET HIGH FOR MARTEN XP6M-1 FIYING BOAT

[A11 values are full sizeg]

Wave Maximm acceleration
Lending | 198 | pect | v, des | Vy, fo/min | Ty, knots | 7, deg | my, guntts | o zedigs

1 200 2 6.1 1,354 103.0 T.40 o1 6.7
2 200 6 k.5 1,%2% RN 10.70 %3 T.1
3 200 2 3.8 916 106.9 4.83 5.9 5.0
3 200 ay 3.5 1,209 80.5 8.43 Lot 7.8
L 200 L 5.9 1,325 92.6 8.05 6.7 9.4
5 200 3 5.0 1,320 91.3 8.13 6.0 8.8
6 200 3 2.2 966 103.9 5.25 5.6 8.4
7 200 2 6.9 1,172 102.8 6.42 5.4 L.k
8 240 6 &4 927 97k 5.37 3.9 2.8
9 240 3 10.4 1,177 86.6 7.65 3.9 1.3
9 240 2 3.3 51 122,9 345 3.2 3.7
10 240 3 5.9 1,648 100.2 9.23 5.2 3.8
n 240 1 LY 581 124.6 2.63 Ly k.5
12 240 1 k.0 675 123.3 3.10 L.3 S
13 240 6 5.1 1,532 81.2 9.22 L. 5.4
L 240 1 3.2 633 125.8 2.90 k.0 5.
15 240 % k.5 649 105.4 3.48 3.1 k.2
16 2%0 1 %.0 662 119.0 3.15 L.3 7.0
7 240 2 .8 1,365 106.7 T.20 4.6 5.0
18 260 3 6.9 1,141 89.2 T.22 4.5 5.1
19 260 3 %.0 708 108.6 3.68 3.5 4.7
20 260 6 6.1 1,433 86.1 9.33 .2 k.9
21 260 2 10.9 1,792 100,2 10.02 k.2 9
21 260 a1 %.0 ™ 117.5 3.60 3.3 4.9
22 260 2 7.2 1,24 103.7 6.TT 5.7 5.1
25 260 2 8.3 1,187 103.0 6.50 L7 3.5
23 260 8 4.3 624 120.8 2.93 3.9 Lot
24 260 2 k.2 524 112,1 2.65 34 2.9
25 260 1 5.9 124.0 2.33 4.3 L0
26 280 13 T4 1,433 90.0 8.93 5.2 3.5
26 280 ] 2.7 8gh 121.6 %.15 1.8 5.3
27 280 % 6.7 el 12.5 3.58 3.5 3.4
28 280 2 k.1 1,%70 118.6 6.98 6.0 6.
29 280 3 L.2 1,140 116.9 5.52 5.1 5.5
30 280 1 3. 125 125.1 3.27 3.8 St
31 28 2 2.5 1,314 111.7 6.63 5.2 6.9
32 280 3 3.2 1,397 108.8 T.25 6.3 T.2
33 280 2 3.0 1,328 108.0 6.93 5.0 4.7
34 280 2 3.5 552 107.3 2.90 6.5 6.4
35 280 2 3.5 1,205 109.1 6.23 5.2 6.2
36 280 2 L.y 1,490 102.4 8.18 5.3 5.5
37 280 2 3.3 1,295 105.2 6.93 5.4 7.1
38 320 2 L.y 1,372 118.2 6.53 5.2 5.9
39 320 5 3.8 1,190 92,4 T.25 k5 K4
%0 320 L 8.0 1,413 4. 8.37 5.2 3.5
%o 320 a3 3.6 833 109.7 k.30 3.6 5.1
31 320 3 2.8 1,420 105.8 T7.55 6.0 8.0
L2 320 3 2.5 1,718 104.7 9.20 RS 6.9
43 320 1 5.4 0 121.2 2.80 3.1 2.9
1 320 3 5.3 1,534 90.0 8.35 5.8 5.8
L5 320 3 3.2 828 106.0 L.n2 6.2 T.5
46 320 2 5.4 1,385 102.6 T.60 5.3 5.5
L7 320 L L 1,X79 90.0 7.38 .2 L.
%8 320 2 L.y 1,621 10L1.3 8.98 5.8 6.2
49 360 2 5.5 1,3%1 119.0 6.35 5.1 L7
50 360 2 5.8 1,183 118.6 5.63 L.y 3.6
51 360 3 k.0 1,218 102,1 6.72 3.6 'Y
52 360 3 k.0 1,525 93.5 9.15 5.7 6.9
55 360 1 3.3 793 120.1 3.5 2.9 L3

260 1 3.6 857 121.6 3.98 2,9 4.3
55 360 1 7.5 583 122,3 2,70 3.0 2.1
56 360 |3 5.9 911 88.9 5.78 2.9 3.2
57 360 1 3.2 T2 122.7 3.28 R I

aImpact for maximm sngular acceleration.
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T TABLE, IV.~ DATA OBTATNED DURING LARDINGS IN WAVES
8 FEET HIGH FOR MARTIN XP6M-1 FLYING BOAT

I X L]

o s ll\.ll values- are full siza

rYx1J

L

b Weve Maximm acceleration

Landing | length
£t Tmpact |7, deg | Vo, ft/uin| ¥, kuots | 7, deg |ny, g units| o, Z0igns
1 200 3 Lo 1,297 88.5 8.23 6.0 10.9
2 200 1 6.3 631 1214 2.93 3.0 2.2
3 200 2 5.1 1,516 100.0 8.52 5.5 8.5
3 200 1 k.5 806 119.9 3.80 5.2 5.0
5 200 3 6.6 957 107.6 5.02 h.g 3.2
6 200 5 3.8 1,415 oh.6 8.h2 6. 8.7
T 240 3 5.5 1,490 103.7 8.08 7.3 9.9
8 240 4 2.6 1,293 8.0 8.65 5. 9.0
9 20 L 3.5 1,702 91.5 10.42 8.3 11k
10 240 3 12.3 1,551 89.4 9.73 k.9 1.8
10 240 a1 k.0 692 123.8 3.17 ko7 8.3
11 240 3 6.6 1,021 105.6 5.45 .5 k.0
12 2ho 6 3.8 916 89.8 5.77 5.3 T.7
13 240 2 5.2 1,799 106.9 9.43 7.2 9.4
i) 240 3 6.7 1,660 90.0 | 10.33 5.4 7.2
15 280 3 3.9 659 106.9 3.48 3.9 5.7
16 280 3 5.1 1,295 107.3 6.78 6.7 6.2
17 280 2 1.7 1,584 103.2 8.62 T.6 6.7
17 280 ] 3.5 1,407 92,0 8.58 6.0 8.5
18 280 2 L 1,14 111.0 5.82 6.1 6.5
19 280 L L7 1,363 86.3 8.87 5.8 8.3
20 280 1 343 813 123.3 3.73 5.5 7.2
21 280 2 L 1,146 111.0 5.82 5.2 7.2
22 280 5 5.2 1,385 87.6 8.87 k.6 7.2
23 320 1 2.8 859 123.1 3.93 T.2 6.4
24 320 L Iy 1,921 80.1 {13.33 k.5 5.8
25 320 2 9.0 1,575 100.6 8.78 6.9 k.7
25 320 a3 3.6 1,591 81.2 |10.95 ka1 T.2
26 320 2 7.2 2,364 98,5 |13.33 7.0 6.9
26 320 ay 3.1 830 119.9 3.92 54 8.7
27 320 1 5.9 668 122,7 3.08 3.5 3.1
27 320 a3 3.6 988 108.2 5.15 2.8 4.0
28 320 3 6.5 1,479 101.7 8.17 T.1 - 7.2
29 320 2 k.0 1,545 96.9 8.95 6.2 8.7
30 360 5 7.9 732 71.0 5.82 3.8 2.2
3L 360 1 2.8 8 121,2 L .13 5.0 T.2
32 | 360 3 7.7 1,652 93.1 9.95 5.7 R
32 360 ap 3.2 890 110.8 k.53 2.8 5.
33 360 1 4.8 ™HS 1214 3.47 by 5.1
360 2 4.8 738 112,3 3.72 3.3 k.0

35 360 1 3.5 843 121.8 3.92 3.8 5.1
36 360 6 9.7 760 87.0 .93 2.4 1.8

8Tmpact for maximm angulsr acceleration,
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TABLE V.~ DATA OBTATNED DURING LANDINGS WITH HIGH
INITIAL SINKING SPEED IV WAVES FOR
MARTIN XP6M-1 FLYING BOAT

[1_&11 values are full size]

90aG4IsS Wd VOVN

Meximum acceleration
Wave Wave
b 8 he%%ht’ le?fth’ Tmpact | T, deg |V, £t/min | Vy, knots| 7, deg| n,, g units| a, E:’:—igis-
1 4 200 3 -2.8 1,709 110.% 8.70 6.2 8.7
2 L 200 3 -2,3 1,293 110.8 6.58 5.9 8.0
2 I 200 ap -.6 1,363 129.8 5.92 5.6 9.0
3 L 200 3 -2.3 1,81k 113.4 8.98 5.4 8.5
4 L 200 2 -3.0 1,615 123.1 7.38 5.6 6.2
5 L 200 3 -2,8 1,766 106.0 9.35 6.9 8.7
6 I 200 4 2.3 1,534 92.4 9.32 4.8 8.0
7 6 200 3 -1.5 1,363 12,2 6.18 7.6 10.5
8 6 200 2 1.2 1,336 125.5 5.98 5.1 5.3
9 6 200 1 4.8 1,520 130.5 6.57 6.3 5.0
10 6 200 1 4.8 1,586 127.2 7.02 7.9 8.7
11 6 200 1 5.4 1,650 125.8 7.50 6.7 6.2
11 6 200 o] .8 1,656 102.1 9.10 6.0 10.9
12 6 200 3 -2 1,963 101.9 10.78 7.5 12.3
13 6 200 1 5.5 1,560 125.5 7.00 T4 8.3
) 6 200 3 3.6 1,963 105.4 10.43 6.9 11.3
15 8 240 3 4.1 1,871 102.6 10.13 9.5 .1

8Tmpact for meximum emgular acceleration.
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Profile view

Figure l.- Langley tank model 316.
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liing-carrier door!

Flap-hinge-moment strain gage
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31ct dam ——=

L-8251l,1
Figure 2.~ Langley tank model 316. Bottom view showing mine-carrier

door, slot dam, and flap-hinge-moment strain gage.
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Figure 3.- General arrangement of the Martin XP6M-1 flying boat
(Dimensions are in inches, full size.)
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(a) Langley tank model 316-1.

Figure 4.~ Spray-control devices used in bow region.
in inches.)

(Dimensions are
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(b) Lengley tank model 316-2.

Figure 4.~ Continued.
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(¢) Langley tank model 316-3.

Figure 4.~ Continued.
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Section A-~-A

(d) Langley tank model 316-~k.

Figure 4.- Continued.
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Section A-A

H.S,

| W.L. 96

S

(e) Langley tank model 316-5.

Figure 4.~ Continued.
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Section A-A

v
6.5

g

Section B-B

W.L,

51

To H.3: 290

|

(£) Langley tank model 316-6.

Figure 4.- Continued.
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Section B-B

W.L. 96
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| B \l To H.3. 290 )
H.3. .S,
96 138

(g) Langley tank model 316-T.

Figure 4.~ Continued.
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Section A-A

W.L, 96

A 4

—

wW.L, 52

&1/ 5\6\

Soction B3

(h) Langley tank model 316-8.

Figure k4.~ Continued.
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Saction A-A

(1) Lengley tank model 316-9.

Figure 4.~ Continued.
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Modified chine
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(J) Lengley tank model 316-10.

Figure 4.~ Continued.
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Modified chine

9 [ S

T H.S. .\i:\ _____ ' A==

- 80 Ooriginal chine —=

| A== To H.S. 350 ——

Section' A-A

(k) Lengley tank model 316-11.

Figure 4.~ Concluded.
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(b) Langley tank model 316-13.

Figure 5.~ Afterbody chine strips.
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Profile view

Figure 6.~ Langley tank model 316A.
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1L-8812
Figure 7.~ Setup of Langley tank model 316-5 on towing apparatus.
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Towlng carriage

rI// LLLLLL.

|_~Towing staff

Roller cage
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aft tracks
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\\~Hubber gtrands
77 PP PPl Pl lrl 2l 77 7 rd 77

AN\

Force pickup
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rough water.
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Small low-
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Pusher carriage

Figure 8.- Schematic diagram of setup used to determine resistance in
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HleN_.mOu.ou-
Figure 9.~ Setup of Langley tank model 316A on apparatus for launching
as a free body.
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Langley tank model 316.

Figure 10.~ Trim limits of stebility. Ag= 160,000 pounds; &f = 40°;
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in smooth water. Ag= 160,000 pounds. Langley tank model 316.
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(a) Taxiing; &p = 10°; power on.

Figure 18.- Variation of flap hinge moment with speed in rough water.
Ao = 160,000 pounds. Langley tank model 316.
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(b) Lending; 8p = 40°; power off.

Figure 18.-~ Concluded.
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Langley tank model 316.
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Figure 20.- Effect of wave height on average total resistance in rough

water. Ag= 160,000 pounds; power off; wave length = 200 feet.
Langley tank model 316-5.
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Figure 20.-~ Concluded.
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Figure 21l.- Effect of gross load on total resistance in rough water.
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wave length = 200 feet. ILangley tank model 316-5.
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(b) Wave height, 6 feet.

Figure 22.- Effect of wave length on total resistance in rough water.
Ao = 160,000 pounds; flap deflection = 10°; power off. ILangley tank
model 316-5.
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(b) Flap deflection, 40°.

Figure 23.-~ Effect of wave height on total resistance in rough water.
Ap= 160,000 pounds; power off; wave length = 200 feet. ILangley tank

model 316-12.
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Figure 24.- Effect of wave height on total resistance in rough water.
Ng= 160,000 pounds; power off; wave length = 200 feet. Langley tank
model 316-13. -
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