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SPRAY CHARACTERISTICS OF A POWERED DYNAMIC MODEL
OF A FLYING BOAT HAVING A HULL
WITH A LENGTH~BEAM RATIO OF 9,0
By Roland E. Olson and Joe W. Bell

SUMMARY -

An investigatlon of the spray characteristics of a
i%asize powered dynamlc model of a twin-englne flylng

boat was made 1n Langley tank ne. 1. The design was
simllar to that of the Boeing XPBB-1l flylng boat, but
the length-beam ratio of the hull was increased from 6.3

to 9,0 while constant 1ength2-beam product and height of
hull were maintalned. The hull frontal area was reduced
approximately 2% percent and the volume was reduced
approximately 11 percent by this increase in lengtin-beam
ratlo. .

At the same gross load, the spray characteristics
of the model with a length-beam ratio of 9.0 compared
favorably with those of the model of the XPBB-l flying
boat and no adverse effects on the spray characieristics
were lntroduced by the higher length-beam ratlio and
smaller hull.

INTRODUCTION

In order to select the over-all proportions fecr a
flying~boat hull, the designer should know the manner in
which the hydrodynamic characterlstics vary with the
length-beam ratio and with the relationshlp of gross
load to the absolute values e¢f length and beam.



A few of the effects of length-besm ratlo have been
investigated in tests of seriss of hull models (references 1
to ). The data glven iIn references 1 and i are concerned
princlpally with resistance and sprey characteristlces.
Curves of yvewlng moment and trim l1imits of stabillty are
‘ included in reference 2 snd the aerodynemic dragz of hulls
of seversl length-beam retlos 1s Included in reference 3.

An analysils of the results of reslstance tests of seversl
model investigations 1s reported .in reference l.

Analysls of the avallgble date hos shown that increasing
the length-beam rstio of a hull to reletlvely high values
results in favorable effects on resistance and sprsy char-
acteristics when the length-beam product of tha hull i1s
held constant. It has also been shown (references l and 5)
that the hydrodynamic reslstance end spray characteristics
ere not chenged appreclebly by varlations of length-beem
ratio when lengthz-beém product 1s held constant. when
the length-beem ratio is incressed while lengtnZ-baam
product 1s held constant, the nlen-form aréa and volume
of the hull decresses because of the resulting reduction
of the length-beeam product. The gerodynamlc data of refer-
ence 3 Indlcete that a significant reduction 1n the salr
drag of a flying-boet hull maz be gained by 1ncreasing
length-beam ratio from about to 9 while cornstent lengthz-
beam product 1s malntesined. The favoreble effects of high
lensth-beam ratio, therefore, may be reelised as a reductlion
In reslstance end an improvement in spray cheracterlstlcs
with hulls c¢f equal size or mey be used as & means for
reducing the size of ths huill without detriment to these
characteristics.

As a check on this snelysis, en investigetion hes
been undertsken in Langle; tank nc. 1 to determlne the
hydrodynamic performance of a oowersd dynamic model having
_ & length-beam ratio of 9.0. The model renresents a
hypothetlcal flylng boat simllar to the Bosing XrpBa-1
except that the leéngth~beam ratio was iIncressed from the
original 6.3 to 9.0 with constant langth2-beam product
end thst somewhat different hull llnes were used. In the
design of the experimentel modsl, the necelles, wing,
propellers, and tall surfaces were pleced in the seme
relative locatlons end the height of the hull was unchanged.

The investigation of the spray charscteristics of the
experimental model over the practicaeble rengs of gross
loeds has been completed and the results are presented
herein. Data from reference 6 snd unpublished results
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obtained during the tests of reference 6 are included to
"give a comparison of -tkese spray characteristics with

those of the ==-slze model of the XPBB-1 flylng bosat.

10
SYMBOLS -
- I : . )
_C&Q gross loed coefficlent (ftg ’

Ag " gross load, pounds
v sneed, feet pef second
trim, degrees '

w specific weight of water, pounds per cubic foot
(63.5 for these tests) o

o’

meximum beam, feet

Le length of forebody from ﬁow to atep, feeat

Ly

nondimensional coefficlent relating férebody
pronortions to spray characteristics

DESCRIPTION CF MODEL

The powered dynsmic model (figs. 1 and 2), designeted
Lengley tank model 2034, 1s & f%-sizs mcGel of a hypo-

thetlcal flying boat essontislly similer to the XPBB-1
flying boat except for the form and proportlons of the
hull. The nacelles, propellers, wing, and tall surfaces
of the hypothetical flying boat were the same as those

of the XPBB-1l and were plaeced in the ssue relatlve
locetions. The dimensions of the hull were derived by
increasinz the length-beem ratlo from thet of ths parent
design (6.3) to 9.0 while lengthZ2-beem product was held
constant. The ratlio of length of forebody to length of

. afterbody was made the same as thet of the parent design.
The depth of the hull was made equsl to that of the XPBB-1l
flying boat. .

-

-



The lines of the hull are shown in figure 1 and the
general srrengement 1s compared with that of Lamgley tank
model 174 (the T5-s1ze model of the XPBS-1) in figure 3.
A further comparlison of the dimensions cf models 203A
and 17 1s given in tsble I. The forebody chine flare of
both models was horlzontsl from the step to stetlon 7.
Forwerd of stetlon 7 the chines of model 2034 were turned
down and reached a constant vdlue of 10° at station 5.
This value was malnteined over the rest of the forebody.
The depth of step was 9 percent beem. The angle between
the forebody and afterbody keels wass 5.4°. The increased
length~beam ratio resulted 1n generally flner lines and
less curvature then those of the XPRB-l. The lines above
the chlnes were simplified in order to maintalin vertical
sides 9and thus feaecillitate modifications to the bottom.

The areas and volumes of the hulls of models 20%A
end 174 are compared in the following teble:

Maximumn ksean Sxin I Total Volume,
Model | 8ection | section ercg volume nose to
} area area . . sternpost
(sq in.) | (sq in.) (sq in.) (cg in.) (cu 1in.)
20%a| 178 108 L1570 12,570 12,110
17 231 123 Lo 1,800 | 13,680

As compared with model 17h, the merimum frontal area of
model 203A was decreasad -oroximately 23 nercont, the
volume (nose to sternposi} was reduced apnroximsately

11 percent, snd the skin eree was reduced spproximately L per-
cent. These values woulc be expected to change slizhtly
if the lines were =zdspted to an actuel hull.

The model was of bullt-up construction simllar to
thet described in reference 6. Two motors turned the
three-blade metal vropellera. Leadlng-edge slats were
installed on the wing to delay the stall end make the
stall occur at eanglss more nearly equsl to those expected
for the full-size airplane.

APPARATUS AND PROCEDURE

The tests were made in Lengley tank no., 1, which is
descrlbed in reference 7. The towing gear and some of the
test procedures are described 1n reference 8.
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The propellers of the model were adjusted to a blsde
angle of 1° end rotsted at L4550 rpm to provide thrust
for. these. tests. The effectlve thrust was measured wlth
the model at 0° trim with fleps set 'at-00.- ‘The effective
thrust used in the tests of model 203A is shown in fig-
ure L. This thrust 1s approximately the sesme as that
used during tests of model 174 (fig. L).

In-order to provide data from which the approximate
loed on the water can be estimated, the aerodynamic 1lift
and pitching moments were determined with full power and
- fleps at 20° by running the model In the &ir and measuring
the chenge in tension in two supporting cables (one attached
et the pivot that was located.et 2l percent mean asero-
dynamic chord, 0.2} M.A.C., and one just forward of the
verticeal tails. Data obtalned with an elevator deflectlion
of -10° are shown in figure. 5.

Sorey ohotographs and observations were mede wilth the
model free to trim at constant end acc¢olerated egneeds over
the »racticeble range of gross loads with the center of
gravity of the modsl et 20 percent meen serodynasmic chord,
the elevators at -10°, and the flaps at 20°. Speeds at
whilch s»rsy entered propellers or struck the flens were
noted for each load. The trim was the angle between the
forebody kesl and the base line.

RESULT3 4D DISCUSSION

The renge of speeds over whlch spray entered the
propellers 1s plotted sgalnst grosa load in figure 6.
The most signiflcant part of thls spray range is theat
bounded by the so0lid lines. #ithin thls range the bow
"blister! entered the propeller dlsks and the greatest
damage to the propellers would be expected.

Photographs showing the bow spray of model 203A are
presented 1n figure 7. At & gross loed of 565.0 pounds,
light spray entered the propellers. At a gross load of

1.5 pounds, thls sprey was excessive. A gross load of
1.5 pounds appeared to be a practicebls limit from
consideratiaons of spray in the propellers.,

The renge of. speeds over whlch spray entersd the
propellers of model 174 1s shown, together with compareble
data for model 20%A, in figure 8. This range was deter-
mined from & study of spreay photegraphs (fig. 9) and



motion pictures. The speeds at which the bow bllster
entered the propellers could not be distingulshed from
the speeds st which loose sprsy entered, but nhotogranhs
end motion plictures indicate thet thess speeds sre very
nearly the same. The totel speed renge over which spray
entered the propellers of model 17L was slightly less
then thet of model 203A end wss shifted towerd lower
speeds. A study of the spray photograshs (figs. 7 end 9)
indicstes that more soray was thrown over the ton of the
wing of model 17l than of model 203A. This fect is also
shown clearly in the stern phctogrephs (figs. 10 and 11).
The down flare on the chines of model 203A forward of thse
nropellers probably contributed to this difference.

The range of speeds over whlch spray struck the fleps
of model 203A is shown 1n figure 12. Photographs showing
the spray on the flaps of models ‘2034 snd 174 sre presented
In figures 10 and 11, respectively. The amount of spray
atriking the flgps with powsr sppeered to be sepproxlmatelr
the same for both models. The range of spesds ovor which
the svray struck the fleps of modsl 17l wes not rccurately
determined but the nhotograrhs end motion vlcturss indicate
that thls range 1s not greatly different from thet of
model 203A. The roach from under the afterbody of
model 203A wetted the tall extenslon and the hcrizontal
tail at the root (fig. 10). This spray wes very heevy
during runs without power.

At planing spseds thLe s»prsy Irom nder the forebody
struck the tips of the horizontal tell of model 203A
(fig. 10); without powsr, this spray was heavy. Similar
spray chearacteristics were noted for model 174 (fig. 11)
but the amount of spray ssriking the horizontal tall
appeared to be lezs thern Tor model 203A.

For conventionel mulilsngine flying boats, the
analysls of refercnce 5 indicatss that the gross loed and
dimensions of the hull are related by the expression

." -\\2
fd '-—
CAO = k"\b

where values of k are glven for verious spray conditions
as follows:



_Sprey conditions [, k
A — - a—
Light ! 0.0525
Satisfsectory | 0675
Heavy but acceptable for overloads l .0825
Excessive i 20975

—————— - — ———————

The velues of k and the corresponding observed
over-all spray characteristics of model 2034 may bs
sumarized as follows:

Gross=-load coefficient, ' . o
Ca, _ k Spray evalustlion
[
1.8 i 0.007 Light
2.-2 .08 Precticable 1limit
24 .09 - EXcesslive

|

—— —— - - —

This evalustlon agrees essentielly with vhat would be
predlicted from ths vslues of the coefflcient k derived
from experlence wilth conventional lenzth-beam ratios.
Hence, the poresible reduction in hull size obtalnoad by
the 1increasse ir length~beam ratio inveatlgeted would not
bo erpected to have any edverse effect on the spray
cheracteristics of a1 eirplsne of the XPBB-1l type.

CONCLUDIN? REMARKS

The over-sll spray charscteristics of the model with
e length-besm ratio of 9.0 were acceptable up to a gross-
load coefficlent of 2.7 and were excessive at a gross-
load coefficlient of 2.6. These cheracteristics were in
agreement with those obtained with conventionel length-
beam ratios at ths ssme values of the rstio of gross-load
cog{ficient to the square of the forebody length-beam
ratio.

A reduction 1n hull size 1= made possibls by the high
léength-beam ratio without adverse effect on the spray
characterlstics of a mulilengine rlylng boat. The use
of high length-beam ratio therefore offers the possiblility
of reducing the over-all dreg of such a flying boat in
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cases where the aimensioné of the hull are primarily
determined by spray-and seaworthiness requirements.

Langley Memorial Aeronautical Laboratory
Naetional Advisory Committee for Aeronautlcs
Langley Field, Va.
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TABIE I .
. COMPARISON OF BASIC DIMENSIONS OF
MODELS 203A AND 174

\ .. Model 203A Model 17k

Hull:

Beam meximum, in. : 9.85 12,5
Iength of forebody, in. 51.0L L5.
Length 'of afterbody, in. z7.6L 53.3
Iength of tail extension, in. . 27 9Z 35.0
Length,over-all, in. 116765 113.7
Iength-beam ratio 9.0 6.3
Type of step Trensverse Trensverse
Denth of step at keel, in. 0.89 1.10
Angle of dead rise at step

Excluding chine flsre, deg 20 20

Including chine flare, deg 15.9 17.9
Angle of forebody keel, deg 0 0
Angle of afterbody keel, deg S5.lp 5el4
Angle of sternpost to base
. 1line, deg 6.7 7.2
Angle of forebody chine flare

at step, deg 0 0

Wing:

Area, sq 't _ 18.26 18.26
Span, in. 167.65 167.65
Root chord, In. 19.20 19.20
Angle of incidence, deg L

Mean serodynamlic chord (M.A.C.)
Length, projected, in. 16.48 16.28
Leading edge aft of bow, in. L3.04 3.
ILeading edge forwerd of

step, in. 8.0 8.3
Leading edge above hase
line, in. 18.3L 18.35

NATION AL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE I -~ Concluded

COMPARISON OF BASIC DIMENSIONS OF
MODZLS 203A AND 17L - Concluded

Model 203A Model 174

Horizuntal tell surfeace:

Area, sq ft ' 3:2% 3+33
Spen, in. 51.6 51.6
Angle of stebllizer to wing . .

chord, deg - -l
Elevator root chord, in. 3.8, 2.8,
Elevator semlsnsn, 1n. 20 20
Length from. 25-percent M.Aa.C. :

of wing to hinge line of

elevetors, in. .59.%0 59.%
Height ebove base line, in. 22. 22,80

Propellers:

Number of propellsrs - 2 2
Number of blades 3 3
Diametsr, in. 19.8 19.8
Angle of thrust line to base

line, deg 2 2
Angle of blade at 0.75 radius, :

deg My 1y
Clearence ebove keel line, 1in. 9.9 2.9

NATIONAL ADVISORY
COMMITTEE FOR AEIONAUTICS
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NACA ARR No. L5LZ29 Fig. 2
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Figure 2.~ Photographs of model 203A.
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NACA ARR No. LS5L29 Fig. 3
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NATIONAL  ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 3 .— Comparison of rmodel ZO3A witl model 174 (XFBB-I).
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23A. Variation in aerodynamic lift and

Full power, 4,550 rpm; center

of gravity, 24 percent M.A.C.; flap deflection, 20°;

elevator deflection, -10°.
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Fig. 6 NACA ARR No. L5L29
100 72
Light spray Bow blister Light spray
_in propellers in propellers in propellers
[ _ y\
T NdA N
% l 4
/ /
' /
o | @fo |k
80 i N
Propellers / Propellers
clear \ e clear
|
70 \
\\ /
\ /
\ 7
WX
60 —\—
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
50
0 4 8 12 16 2
Speed, fps

Figure 6 .- Model 203A. Speed range over which spray

enters the propellers. Full power, 4,550 rpm; center

of gravity, 28 percent M.A.C; flap deflection, 209;

elevator deflection, -100.
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NACA ARR No. L5L29 Fig. 12

Gross load, 1lb
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Figure /2 .- Model 203A . Speed range over which spray
strikes the flaps. Full power, 4,500 rpm; center of
gravity, 28 percent M.A.C; flap deflection, 20°0;
elevation deflection, -10°,






