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NACA ARR No. L5L29

NATIONAL ADVISORY COMMITTEE FOR AERONAUTIC

ADVANCE RESTRICTED REPORT

SPRAY CHARACTERISTICS OF A POWERED DYNAWIC MODEL
.OF A FLYING BOAT HAVING A HULL
WITH A LENGTH-BEAM RATIO OF 9.0

By Roland E. Olson and Jce W. Bell
SUMMARY

An investigation of the spray characteristics of a
1 2 - S
—-size powered dynamic model of a twin-engine flying
10
boat was made in Langley tanik no. 1. The dPﬁlC“ v as

similar to that of the Boeing XPBB~1l flying boa L, but
the length-beam ratio of the hull was increased from 6.3

to 9.0 while constant lengtha-beam product and height of
hull were maintained. The hull frontal area was reduced

. approximately 23 percent and the volume was reduced
approximately 11 percent by this increase in length-beam
ratio.
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At the same gross load, the spray characteristics
of the mecdel with a length-bsam ratio of 9.0 compared
favorably with those of the model of the XPBB-1 flying
boat and no adverse effects on the spray characteristics
were introduced by the higher length- ~beam ratio and
smaller hull.

INTRODUCTION

In order to select the over-all proportions fcr a
flying-boat hull, the designer should know the manner in
which the hydrodynamic characteristics vary with the

3 length-beam ratio and with the relationship ol gross
load to the absolute values cof length and beam.




A few of the effects of length-beam ratio have been
investigated in tests of series of hull models (references 1
to l}}). The data given in references 1 eqd li are concerned
principally with resistsnce and spray characteristics.
Curves of vswing moment and trim limlts of stability are
included in reference 2 and the aserodynemic drag of hulls
of seversl length-bezm restios is included in reference D
An analysis of the results of resistance tests of several
model investigations is reported in reference e

Malysis of the available data hes shown that increasing

——

own
the length-beam ratio of =2 hull to relatively high values

results in favorable effects on resistarice and Dra\ char-

acteristics when the lenzth-bsam product of the hull is
held constant. It has ealso been shown (”BiﬁfenCQQ i and 5)
that the hydrodynamic resistance end spray characteristics
are not chenged appreciebly by variatlons of length-beam
ratio when length<-besm product is held oonutanu. iihen

the lenguh ~-beam ratio is increased while 1°n~ta~—beam
product 1s held constant, the plan-form area and volume

of the hull decreases because of the resulting reduction

of the length-beem product. The aerodynamic data of refer-
ence 3 1ndlcate that a significant reduction in the alr
drag of a flying-boat null may be geined by increasing
1ength—beam ratio from about 6 15O 9 Wi le constant lﬂngth2
beam product is maintained. The favorsble effects of high
length-beam ratio, therefore, may be realized as a reduction
in resistance and an improvement in spray characteristics
with hulls of GQUrl size or may be used as a means for
reducing the size of the hull without detriment to these
characteristics.

—,p_

As a check on this anslysis, an inve
been undertsken in Langley tank no. 1 t
hydrodynamic performance of a powered dyn
a length-beam ratio of 9.0, The model re
hypothetical flying boat similar to the Bec
except that the length-besam ratio was incr
originsl 6.3 to 9.0 with constant length?
and that somewhat different hull lines we
design of the experimental mo‘e;, the neace r
propellers, and tail surfaces were placed 1 he same
relative locations and the thQhL of the hull was unchanged.

s
e am product
used. In the

The investigation of the of the
experimental nodel over ths ] it
loads has been cormpleted end the result

herein. Data from reference © and unpubl




' The depth of the hull was made sgual to thzt of

\N

obtained during the tests of reference 6 are included to
give a comparison of these spray characteristics with

3 a 1 ; )
those of the ==-size model of the XPBB-1 flying boat.

10
SYMBOLS
A S
Ca gross-load coefficient g
0 \wb-” /
&g gross load, pounds
v sneed, feet per second
T trim, degrees
w specifie weight of water, opounds per cubic foot
(6%2.5 for these tests)-
D maximum beam, fest
Lp length of forebody from bow to step, feet
k nondimensional coefficient releting forebody
provportions tc sprey characteristics

NOADRTRETTNON O MONDRY
DESCRIPTION OF MODEL

The powered dynamic model (figs. 1 and 2), designated
-3lze model of a hypo-

1
thetical flying boat essentieslly similar to the XPBB-1
flving boat except for the.form and proportions of the
hull. The nacelles, propellers, wihg, and tail surfaces
of the hypothetical flylng boat were the same as those
of the XPBR-1 and were pil C@d in the s

locations. ”he dlmonsLon~ of the hull were dae
increasin~ the length-beem ratio_from thet of the
design (6. 5) to Q 0 while luﬂ?’Fa beam nroducth Wwe
constant. The ratio of length of fore oﬁJv to l
afterbody was made the same as thst

Langley tank model 20%A4, 1s a
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flying boat.




The  lines of tbc hull ars shown in figure 1 and the i
general arrangement is compsred with thet of Lear tank
model 17k <the {%—size model of the XPB%—1> in Tt
A further comperison of the dimensions of models 203%A
end 17l is given in tsble I. The forebody chine flare of
both models was horizontsl from the step to station 7.
Forward of station 7 the chines of mcdel Z03A were turned
down and reached a constant value of 100 at station 5.
This value was maintained over ths rest of the forebody.
The depth of step was 9 nercent. beem. The angle bstween
the forebody end af erbodv keels was 5.4°. The increased
1engt -beam ratio PcShl'“a in genes '21ly finer lines and
less curvature then those of the XPBB-l. The lines above
the chines were simplified in ordsr to maintain vertical
sides and thus facilitate modifications to the bottom.

The areas and volumes of the hlls of models 203%A
and 174 are compared in the following table:

aaxi@um i e an Bleim
Model | Section | section arean
ares . | ares (sq in.)
(g in.) | (eq dn.)
-------- st e ¥id +
203 A 178 | W570 | -
170, 221 ! L7770
As compared w;tn i the maximum frontal area of 3
model “groxlmatcly 23 percent, the
volurnie . ) s reduced approximately
11 percent, and ths skin 8?6&v@sx@aJCQAhébrcximately I, per-
cent. These values would be sxpected to change slightly
if the llnes were adspted to an actusl hull.
The model was of built-up L
that deseribed in reference 6. T i@
three-blade metal precpelliesrs. Leadin; ge t
installed on the wing to delay the stsell and make the
stall occur at angles more nvaer equal to those expected
for the full-size airplans.
APPARATUS AND PROCEDURE g

ol
i

1, which is

The tests were mede in Langley t ) e
deseribed in reference 7. Thé towing gear and some of the
test procedurses are described in reference G.




The propellers of the model were adjusted to = o¢fde
angle of 140" and rotsted at 1550 rom-to previde Thrus
for these tests. The effective thrust was measured With

+

set at"09.  ThHe effective
el 203A is¢ shown in fig-
ately the same as that
(L1

the model at 0© trim with flaps
thrust used in the tests of mo
ure li. This thrust is approxin
used during tests of model 17L

J

In order to provide data from which the spproximate
load on the water can be estimated, the aerodynamic 1lift
and piteching moments were determined with full power and

flaps at 20° by running the model in the air and measuring
the change in tension in two supporting cebles (one  attached

at the pivot that was located at 2 percent mean zero-
dynamic chord, 0.2l M.A.C., and one just forward of the

34 43

vertical tail). pData obbtsined with an elevator deflection

of =10° are shown in figure 5.

Soray photographs and observations were made with th
model free to Lr:m at constent snd accelerated speeds ove
the practicable renge of gross. losds with the center of

gravity of the modegl ot 20 psrcent mean asrodynam
the elevators at -10°, and the flaps at 20°. S
which spray entered nronellers or -struck Tthe
noted for each load. The trim was the angle

forebody keel and the base line,

3

<

DISCUSSEON
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The renge of speeds cover which spray entered the
Dropellers is n]otteu against gross load in figure O

4.1,

The most 51Cnlflcant part of this spray raenge is that
bounded by the solid lines. Within this range the bow
"blister! entered the propeller disks znd the greatbst
demage to the vpropellers would be sxpected.

Photographs showing the bow soray of model 2034 arse
presented in figure 7. At a gross load of 55.0 r”unua,
light spray entered the prcpellcr" At a gross load of
91.5 pounds, this spray was excessive. 4 gross load of
81.5 pounds anpearsd tc be a oract cable limit from
considerations of spray in the propellers.

The reange of smaeds over which spray entered the
r )

propellers of modsel 174 is sho Wi, together with comps rable
data for model 203A, in figure &. This renge was deter«
mined from & study of spray ohotographs (fig. ) and
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motion pictures. The speeds at which the bow blister
entered the propellers could not be distingulshed from
the speeds at which loose spray entered, but photogreohs
and motion pictures indicats that thess speeds sre very
nearly the same. The totel speed renge over which spray
entered the propellers of model 17l was slightly less
then thst of model 20%A end wss shifted towerd lower
~

speeds. A study of the spray photogravns (figs. 7 and 9)
indicates that mo;e spray was thrown over the top of tne
wing of model 174 then of model 203A. This fact is also
shown clearly in the stern phctographs (figs. 10 and 11).
The down flare on the chines of model 203%A forward of the
propellers probably contributed to this difference.

at
s

The range of speeds over which spray struck the fleps
of model 203A is shown in figure 12. rhotographs showlng
the spray on the flaps of models 203%A and 17l ere presented
in figures 10 and 11, respectively. The amount of spray
striking the flaps with power sppescred to be spproximately
the same for both models. The renge of speeds over which
the svray struck the flaps of model 17l was not sccurately
determined but the nhotographs snd motiocn oictu"“a indicate

hat this range is not greatly different from

<

model 20%2A. The roach from under the afterbody of

+1

model 203A wetted the tail extension and the
tail at the root (fig. 10). This spray was ver
during runs without power.

At planing speeds the spray from under the forebody
e}

I
struck the tips of horizontal tail of model 2034

e
th
(£ig. lO), vithout p this s»orsy was heavy. Similsr
spray characteristic re noted for model l?L (Do A1)
but the amount of sp ail

1
O
S W i
ray striking the horizontal ¢t
appeared to be less thsn for mode 1 20%A.

For conventional mult
analysis of reference 5 in

ne flying boats, the
o
dimensions of thse hull are re

i
tes that the gross load and
ated by the expression

where values of k are given for verious spray conditions
a3 follows:




Sprav cond't10n° ! k
L;Lht I .0525
Satisfactory : ; .0679
eavy but acceptable for overloads { .0825
Bxcessive ; .0975

The wvelues of Ik enc the OO”PGuyOJJ
over-all spray charsacteristic
summarized as follows:

Gross-load coefficient,
Ca
o

243 | +085 Practicable limit
Sulo | .096 Excessive

i
148 L 0.067 | Light
|
|
!

This evaluastion agrees essentielly with what would be

predicted from the vslues of the coefficient 1

from exverience with conventional lengtii~beam rzti
i

i1C
Hence, the possible reduction in hull size obtained by
the increase in length-beam ratio investigated would not
be expected to have any edverse effect on the spreay

Fal

cheracteristics of an airplane of the XPBB

CONCLUDIN+ REMARK

The over-sll spray characteristics of the model with
a length-beem ratio of G.0 were acceptsblie up to a gross-
load coefficient of 2.5 =2nd were excessive at a gross=
load coefficient of 2.0. These charascteristics were in
agreement with those obtainsd witih conventional length-
beam ratios at the sams values cf the ratio of gross-load

oefficient to the square of the forebody length-beam

ratio.

A reduction in hull size is made possibls by the high
length-beam ratio without adverse effect-on the spray

o

characteristics of a ul+1ep¢'re flying boat. The use
of high length-beam ratioc therefore offers the possibility
of reducing the over-all drsg of such g flying boat in




cases where the dimensions of the hull ere primarily
determined by spray and seaworthiness requirements.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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COMPARTSON OF BASIC DINMENSIONS OF
MODELS 20%A AND 17l

Model 203A

Hudl s
Besm maximum, in. : 9.85
Length ‘of forebody, in. 51,00
Length of afterbody, in. 27.6L
Iength of tall extension, in. 27.97

Length,over-all, in, 116,65

Iength-beam ratio 5.0
Type cf step Transverse
Depth of step at keel, in. 0.89
Angle of dead rise at step

Bxcluding chine flsre, deg 20

Including chine flare, deg 15.9
Angle of forebody keel, deg 0
Angle of afterbody keel, deg 5ely
Angle of sternpost to base

line, deg 6.7
Angle of forebody chine I[lare

at step, deg 0
ing:
Area, sq ft 18. 26
Span, in. 167.65
Root chord, 1in. 19,20
Angle of incidence, deg
Mean serodvnamic chord (li.A.C.)

ILength, projected, in. 16.L8

Ieading edge aft of bow, in. Lz.0L

Leading edge forward of

step, in. 8.0
Leading edge above base
line, in. ’ 18.3L

Model 17l

» OF\NUT

NG NGNS
-\']

ANANGe® o o

OV = NN

Transverse
1 10O

20
L7.9

L

oy

g NN

@ =

18.26
167.65
19. 20

16.4L8
3.6
8.3

18.35
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TARLE I - Concluded
COMPARISON COF BASIC DIMEN

Horilzontal tesil surface;

Area, 8q It
Spen, in.

Angle of stebilizer te wing
&) &

(@halete sl 6N
Elevator root chord, in.
Rlevator semisnan, in.

Length from 25-psrcent M.A.C.

of wing to hinge line of
elevators, in.

Height ebove base line, in.
(& 3

Propelilers:

Number of propellers

Number of bledes

Diameter, in.

Angle of thrust line to ba
Line, depg

Angle of blade at 0.75 rad
deg

Clearance sgbove keel line,

se

Model

PN\
pPONO
-

.

H\N O
O

=

ius s

in. 9
NAT

COMMITTS

)

.

M=
©

(@0)

20

[SICNS OF
MODELS 203A AND 17L - Concluded

ZA  Model 17k
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FIGURE 1.- MODEL 203A. LINES OF HULL.
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NACA ARR No. L5L29 Fig.
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‘ Figure 2.- Photographs of model 203A.



NACA ARR No. LSL29 Fig. 3
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Figure 3 .— Comparison of model ZO3A with model 174 (XFPBB-/).




Effective thrust, 1lb

20 iodel 174 \
¢ T\M-‘ "-“P.__‘ =
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15 Model 203A/ I O
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et
10
5 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
0
0 5 10 15 20 25 %0 35 4O
Speed, fps

Figure 4 .- Model 20%A. Variation of effective thrust with speed.
Full power, 4,550 rpm; blade angle, 14°; flap deflection, 0°;

trim, 0°.
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NACA ARR No. L5L29 Fig.
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Figure S .- Model 203A. Variation in aerodynamic lift and
pitching moment with speed. Full power, 4,550 rpm; center

of gravity, 24 percent M.A.C.; flap deflection, 20°;
elevator deflection, -10%,




Fig. 6 NACA ARR No. L5L29

100 77 7
Light spray Bow blister Light spray
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
50
o) + 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, 20°;
elevator deflection, -10°.



Thm;r, 5 gt

10C fps

11.0fps

6.1°

Gross load,
Ao, 65.0 pounas
(65.500 Ib,full size

Figure 7.- Model 203A.

6.9°

5r0ss load,
Ao, 8.5 pounds

&..12 O )O | L . ful

Spray characteristics, bow.

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

-

Full power, 4,550 rpm; center
20°; elevator deflection, -10°.
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Figure 7.- Model 203A.

Continued.
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10.0°

,65.0 pounds

b, 815 pounds

Figure 7.- Model 203A. Continued.
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NACA ARR No. LSL29 Fig. 8
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100 Spray in
propellers
Mode%u Model 203A
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COMMITTEE FOR AERONAUTICS
50
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0 “ 8 12 16 2

Speed, fps

Figure 8 .- Model 174. Speed range over which spray
enters propellers. Full power, 4,200 rpm; center
of gravity, 28 percent M.A.C; flap deflection, 20°;
elevator deflection, =167,



A 6.3°

10.0 fps

- 3 3 6.8° 6.8°

1.0 fps

68° 74°
Gross load, Gross load, Gross load,
Ay, 65.0 pounds Ay, 815 pounds Ay, 9.5 pounds
(65,500 Ib, full size) (82,000 Ib, full size) (92,000 Ib, full size)

Figure 9.- Model 174. Spray characteristics, bow. Full power, 4,200 rpm; center
of gravity, 28 percent M.A.C.: flap deflection, 20°: elevator deflection, -10°,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD, VA,

*ON ¥YV VOVN

63161

‘3714

6



120 fps

% e 2.1°

16.0 fps

10.0° 2 3 28
Ao,65.0 pounds Ao, 81.5 pounds Ao ,91.5 pounds

Figure 9.- Model 174. Concluded.
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11.0 fps 3z mammte

6.1° 6.9° i 78°

Gross load, Gross load, Gross load,
A,,650 pounds Ao, 815 pounds Ao, 21.5 pounds
(65,500 1b, full size) (82,000 Ib, full size) (92,000 Ib, full size)

Figure 10.- Model 203A. Spray characteristics, flap and tail assembly. Full
power, 4,550 rpm; center of gravity, 28 percent M.A.C.; flap deflection, 208:

elevator deflection, 0}
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LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LAXGLEY FIELD, VA.

*ON Y¥V VDOVN

627G

*814

0T



10 Cont.

Fig.

L5L29

NACA ARR No.

VA

spunod g’ ‘v

‘QTRTA ATTONYT - AMOIVNOEYT TVIILINVAONAV TVINORIN LXTONVI
SOILNVMOMAY WO4 HILLIAROD AMOSIAQY TYNOILVM

*panuTquo) *VE02 T°POW -°0T1 whi.mﬁ.,m

spunod g'|g 0y

spunod 0'gg Oy




10.1°

Ay ,65.0 pounds

%

s f2.2
Ao, 81.5 pounds Ay, 91.5 pounds

Figure 10.- Model 203A. Continued.
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11.0°
Ao, 65.0 pounds Ao, 81.5 pounds Ao, 915 pounds

Figure 10.- Model 203A. Concluded.
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prohibitive

9.3° | 9.°

Gross load, Gross load, Gross load,
A,,65.0 pounds A, ,81.5 pounas Ao ,91.5pounds
(65,500 Ib, full size) (82,000 Ib, full size) (92,000 Ib,full size)

Figure 11.- Model 174. Spray characteristics, flap and tail assembly. Full
power, 4,200 rpm; center of gravity, 28 percent M.A.C.; flap deflection, 20°:
elevator deflection, -10°9.
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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°;

elevation deflection,

~107,




