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NACA ARR No. L5G23
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

THE RESISTANCE OF THREE SERIES OF FLYING-EOAT -
HULLS AS AFFECTED BY LENGTH-BEAM RATIO

By Norman S. Land, Jerold M. Bidwell,
‘and David M. Goldenbaum

" SUMMARY

Data obtained from sevgral indeoendent length~beam-

~ ratlo 1nvest1gations were correlated in order to determine
the general effect of length-beam ratlo on the reslstance
characteristics of three serles of flylng-boat hulls. The
study involved length-beam ratlos ranging from 5.07 to
10.5 for a large range. of loadlng conditions. Analyses
were made at the best-trim hump, the free-to-trim hump,
and a high-speed conditlon near get-away.

Compariscns were made by use of coefficlents based
on beam, length-beam product, and length<-beam product.
An optirum length-~-beam ratlo was found beyond whlech no
further rednuctlon in hydrodynamlec resistance occurred.
This optimum varied wlth the hull lines of the serles.

INTRODUCTION

The trend in the deslgn of flying boats has been
toward higher length-beam ratios. .It 18 inferred from
experience with flying boats that an lmprovsment 1in
hydrodynamic characteristics is obtained with increasing
leéngth-beam ratio; otherwise, the heavlier loadings now
used at the higher length-beam ratlos.would not have been
acceptable. 'Investligatlions of the degree and extent of
Improvement of the Kdrodynamic characterlstics with higher
"length-beam ratios thah conventlonal- 1ength-beam ratlos
would thereforé be advantageous.
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Date for the Investlgations were obtalned from model
tests conducted at the Deutsche Versuchsanstalt fur Luft-
fahrt (DVL), the Langley Léboratory of the NACA, and
Stevens Instltute of Technology (references 1 to l}). The
data were analyzed and compared to determlne trends for
each series. The over-all effect of length-beam ratio on
the resistance characteristics of flylng-boat hulls was
then determined from the trends.

MODELS
The Serles

Inasmuch as the three serles involve a total of
11 models representing varlations of three baslc designs,
data pertlnent to a comparlison of the series are presented
in table I.

DVI, serles.- The baslc model of the DVI serles ‘was
evelved by Sottorf (reference 1l). The models of this
series (table I) were developed from the basic form by
starting at the step and Increasing the spacing of the
statlions of the forebody and afterbody along the tangent
to the keels at the step 1n proportion to the length .
(fig. 1). In thls manner the values of beam, angle of’
dead rilse, angles of forebody and afterbody keels, and
depth of step remaln constant. The three DVI. models had
length-beam ratics of 6.0, 7.50, and 9.19; Langley tank
model 18l (reference 2), which 1s a continuatioun of the
DVL serles, had a length-beam ratio of 10.5.

NACA serlses.- The basic form of the NACA series was
similar to N4acaA model Bl -AF (reference 5) except for a
greater denth of step to conform with current practice in
obtaining good landing stabllity. The serles was evolved
by maintaining constant products of length and beam and
by making corresponding trensverse sections of the bottom
surfaces geometrically similsesr (flg.2). Constant values
were also maintained for angle of dead rise, angles of
forebody and afterbody keels, height of hull, and depth
of step in inches. The three NACA models had length-beam
ratlos of 5.23, 6.53, and 7.8l (table I).

Stevens Instltute serles.- The hull of the XPB2M-1
flying boat waesd used as the basls of the Stevens Institute
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series. The models were developed in the. same manner as
. the DVL models; that 1s, by expandlng the statlion spacing
along' a fangent to the forebody and. afterbody keels at the
step (fig. 3). Four models. having length-beam ratios of -
%tOZi 6.%9, 7. 52, and 8.45 were used in the investigation
able I

Variations in Hull Form

A comparlson of the plan forms.of the. bottom surfaces
"of the three serfes for & selected length-heam ratio and
béam is mede in figure L. This figure facilitates a com-
parison of the differences in forebody-afterbody 1ength
ratios and in the hull lines themselves.

As seen in figure L, the NACA series has the largest
ratio of forebody length to afterbody length; whereas
little difference exlsts .Iln the forehody-afterbody length
ratios of the other two deries. The lines of the after-
bodles of the DVI. serles and the Stevens Institute series
are fuller than the lines of the afterbody of the WACA
serles, especlally near the sternpost.

A tall extenslon may contribute to decreasing the
trimming moment at low speeds. The DVL models had no tail
extension ilnasmuch as they were desligned as. seaplane floats
rather than as flying-boat hulls. The NACA serles and the
Stevens Institute series, both models of flying-boat hulls,
had tall extensions.

The DVL float had no chlne flare on the afterbody
whereas the NACA serles had chine flare over the entire
b length of the afterbody. The Stevens Institute serles
L had ehine flare near the sternpost accompanied by a small
. "breaker" step just forward of the sternpost. All three
! series had aspproximately the same amount of chine flare
on the forebody.

ﬁ The included angle between the forebody and afterbody
keels was 7.0° for the DVI and the Stevens Instltute series

and was 6.8% for the NACA serles. This difference in

= included angle 1s considered negligilble.

The depth of step (percént beam] was tﬁe same for the
: DVL and the Stevens Institute serles but was greater for
the NACA series, '
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Each of the three serles of models was tegted about
a center of moments that was thought to be reasonable.
These centers of moments are not in thé sams location with
respect to the step but they are close enough to preclude
any differences in the trends of the serles. .

RESULTS

Standard coefflclents.- The results. of the tests were
reduced to the usual coefficients based on Froude's law to
make them independent of slze. In these coefficients, the
beam was chosen as the characteristic. dilmension. The non-
dimensional coefflclents are deflned as follows:

Cy load coefficlent (A/wb?)
Cy speed coefficient (V/A/gb)
Cy trimminé—moment coefficlent (M/hbhq
A/R load-resistance ratio -

where

A lcad on water, pounds

w speclflc welght of water, pounds per cublc foot
.(63.ly for these tests; usually taken ss 6l} for
sea water) ’

beam, feet '
reslstance, pounds
speed, feet per second

acceleratlon of gravity (3%2.2 ft/sbca)

B R < @ g

trimming moment, pound-feet

Any consistent system of ‘unlts may be used. The
moment data are referred to the centers of moments shown
In figures 1 to 3, Tall-heavy moments are considered
positive. Trim 1s the angle between the base line of the
model and the horizontal. .
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Speclsl coefficlents.- The beam of the hull 1s usually
-.consldered. as the characteristic dimension in the coef~
ficlents based on Froude's law. TIn reference %, however,
Bell dlscusses length-beam product as belng fundamental
in aliginating size; in reference 6, Parkinson considers

length<-beam as being a fundamental quantity controlling
forebody .spray.

) In en effort to determine the comparative effects
. 'based on the foregoing considerations, nondimensional
coefficients having characteristic dimensions of th 5 square
. root of length~beam.product and cube root of length<-beam
.product have been used in this report in addition to the
standard coefficlents used.- These "speclal" coefficlents
are not proposed as substitutes:for the standard ones but
are used merely to facllitate this analysis.

These speclal coefficients ‘are defined as follows:

Load coefflclents:

A

C = ——7—
41 w(L.b)3/2

Cap = —2
82 ~ 3%p

Speed coeffliclients:

Cvyq = _V
3

C :—-Y.—...
VAN

Trimming-moment coeffioients:

oy, = -l
L w(nb)2

2 . w(Lzb)h/B
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where I, 1s length from sten to sternpost measured in
feet.

In comparing hulls of different length-hbeam ratlos
by means of the standard coefficients, the beam 1is con~
stant and hence the hull of the model -wlth the highest
length-beam ratio 1s obviously much larger than the hull
of the model with the lowest length-beam ratio. ' If coef-
flclents based on length-beam product are used, comparable
hull slizes (reference 3) are maintained as the len Eth-beam
ratlio 1s changed. If coefflclents based on length<-beam
product are used, models with high length-beam ratios have
smaller length-beam’' products than models with lower length-
beam ratlos but the spray characterlstics are more nearly
compareble (reference 6). :

The speclal coefflcients therefore are employsd to
" make the reslstance charscterlistics of -models having
various length-beam ratios comparable when the size and
spray are comparable.

Flgure 5 1lllustrates the relatlon between the standard
.and speclal coefficients.

Table of results,- Comparlsons of the serles were
made at the best-trim hump, the free-to-trim hump, and a
hlgh-speed conditlion; the results are summarized in table IT.
No results are given in thls table at best-trim hump or
the high-speed condltion for the Stevens Institute serles
because data were unavaillable.

No data are presented for speed coefficlent (Cy at

the free-to-trim hump because of very indeflnite resistance
humps in references 1 to l.

.DISCUSSION

Best-trim hump.- Best-trim hump 1s only of academlc
interest because, wlth the length-beam ratlos used at pres--
ent, 1t 1s seldom attalned. The control moments involved
are often unavallable and the best trim 1s usually below
the lower trim limit of stablllity. A comparison of the
three serles at the best-trim hump 1s given, however because
with high length-beam ratlos the stabllity characteristics
may be such that best-trlm hump may be attalned 1in practlce,
If the best-trim hump 1s attainable, analyses of the -
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DVL series (figs. 6{b), 7(b), and 8(Db)) indicate definite
advantages in going Lo higher length-~beam ratios than are
nsed in present ‘design practice. For the DVL..series, at.
all coefflclent hases consldered, the load-reslstance

ratio A/R increases with increasing length-beam ratio

. and attains an optimum at a length-beam ratio of approxi-

mately 9.

An analysis of the KACA series (figs. 6(a1, 7(a), and
8(a)) does not indlcate so clear a concludion as the enaly-
slis of the DVL series. On the basls of constant beam
loading, load-resistance ratio increased with 1nereasing
length-beam ratio as far as' the tests extended. With con-
stant length-beam product, an optimum length-beam ratio
of about 6.5 18 shown. wWhen tge NACA serles of hulls 1s
loaded 1n prOportion to lengthc-beam product, the resist-
ance increases slightly as the length-beam ratio 1a
increased.

The speed at which the hump occurs lncreases.with

"increasing length-beam ratio. If small changes in thrust

wlth speed are assumed, a higher hump speed may he favor-
able In that at higher speeds more load 1s supported by
the wing; hence, less load is on the water.

, Although, In general, the load-reslistance ratlo
increases with lncreasing length-beam ratlo, the best trim
decreases wlth an accompanylng rise in trimming moment.

For elther the DVI or the NACA series, loading pro-
portional -to length2-beam product decreases the effect of
length-beam rstic on resistance and trim., Thils trend
loads to the conclusion that, as length-beam ratio 1s
increased for a given gross load, a smaller hull (smaller
length-beam product) could be used wlth no "increase in
hydrodynamic resistance,

Free~to-trim hump.- At the free-to-trim hump, for the

three ¢oefficlent bases considered, A/R 1ncreases. with
length-besm ratio to an optimum length-beam ratio of about
9 for the DVI serles (figs. 9 to 11). The NACA serles
has an optimum length-beam ratio of about 7 1f compared on
a basls of constant beam and an optimum of about 6 if com-
pared on a basls of constant length-beam product. Comparl-
son of the NACA series on the basis of constant lengthe-
beam product results in a reversal of trend; that 1s, A/R
decreases with increasing length-beam ratic. No optimum
was attalned for the Stevens Instltute series on any basis
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* but ‘the Indication 1s'thé€'one might have been found 1f
the series had been extended ‘to hlgher 1ength-beam.ratios.

Axcept‘for the dbmparison made at constant 1ength2

" beam product, the' trim at the hump for the three serles

of models decreases with increasing length-beam ratio.

The comparison at constant lengthZ-beam product indicates
a slight increase in trim with length-beam ratle, for the
NACA and DVL- Serles and a slightly varylng trim with
length-~beam ratio for the-Stevens Institute serles. "Per-
haps the least slope occurs somewhere between the constant
length%beam product and the constant length@-beam product.

Loadings proportional to length2-beam decrease the
. effect of length-beam ratlo on the free- to-trim—hump
réslstance and trim,

, High-speed characterlistics.- From take-off conslder-
ation, 1t was desirable to ascertaln the effects of length-
beam rstio at a high-planing-speed condition. The condl-
tlon chosen was one in which the angle between the fore-
body keel and the water was 7O and the speed coefficlent
Cy based on beam was 6.0 at a length~heam ratio of 6.0L.

Inasmuch as a difference in slze 1s implied when changling
from one basls of comparison .to another, a difference must
also occur in the speed. The relation between speed cosf-
ficlents based on beam, length-beam product, and length
beam product for this condition 1s shown in figure 5.

to a length- -beam ratio of 7.5 (see figs., 12 and 13)
the A trends of the DVL and the NACA serles are simllar.
Small differences mey be attributed to the fairing. of the
curves lnasmuch as the,K number of test polnts were few.

An optimum A/R- value for the DVL, series cccurs dt about 9
regardless of the basis used for comparison.

At high planlng speeds, length-beam ratlioc has the
least effect on load-resistance retio when the hulls are
loaded 1n proportlon to the-length-beam product.

CONCLUSICHS

A comparison of data obtalned from three series of
flping-boat hulls investigated at the Deutsche Versuchs-
anstalt fur-Luftfahrt (DVL), the Langley Laboratory of the
NACA, and Stevens Instltute of Technology and incorporating
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length-beam ratios ranging from 5.07 to 10.5 1indicate the
following conclusions:. .

l. An optimum length-beem ratio was found beyond
which no further reduction in resistance occurred. The
optimum ratio depended upon the hull lines of any given
model .series. .

2. The least change in the resistance character:lstics
with 1ength-beam ratlo occurred when:

T (a) Best-tgim hump was considered on the basis of
constant length<-beam product.

. (b) Free-to-trim hump was considered eéither on
the bagis of constent length-beam product or constant
length<-beam product. ,

(e) A high-speed condition was considered on the
basls of constant length-beam product. -

3. The small change in hydrodynamic characteristics
with 1ength-£eam ratic, when compared on the basis of con-
stant lengthc-beam product, seemed to lndicate that at hlgh
length«beam ratios smaller hulls could be used without
sacrificing reslistance charscteristics.

Langley Memofial Aeronautical Laboratory

Netional Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

DIMENSIONS OF MODELS

Geometric dimensions

DVL

series

(references 1 and 2)

NACA series
(reference 3)

Stevens Institute serles
(reference )

1s 8 7 'metaby Wk | WS | w6 | 339-22 | 339-1 | 339-23 |339-46
Over-all length, in. 71.33 | 88.58 | 108,53} 124.12 |114.85 | 128.41 | 140.67| cewae | --oeo PP (-
Length to sternpost, in. 71.33 | 88.58 | 108.53| 124.12 83.33 93,17 | 102,06| 27.37 | 33.45| 39.53 | 45.61
Length of forebody, in. 39.36 | 48.87 59,92 68.48 50.10 56.02 61.36| 15.22 | 18.60| 21.98 | 25.36
length of afterbody, in. 21,97 | 39.71 L8.61 55.6L 23,23 37.15 Lo.70| 12.15 | 1Lk.B5| 17.55 |:20.25
Maximum beem, 1n. 11.81 | 11.81 11.81 11.81 15.92 .24 13.00 5.40 5.40 5.ko 5.40
length-besm ratio 6.04 7.50 9.19 10.5 5.23% 6.53 7.84 5.07 6.19 7.32 | 8.4
Forebody-afterbcdy length ratlo 1.231 1.231 1.231 1.231 1.507 1.507 1.507| 1.293% | 1.253 ] 1.253 1.55}
Angle of dead riseé excluding chine flare deg 20 20 20 20 20 20 20 20 20 20 20
Angle of afterbcdy keel, deg 5.0 5.0 5.0 5.0 5.5 5.5 55 7.0 7.0 7.0 7.0 .
Angle of forebody keel, deg 2.0 2.0 2.0 2.0 1.3 1.3- 1.3 0 0 0 0
Depth of step, percent beam 5.0 5.0 5.0 5.0 6.28 7.02 7.70 5.0 5.0 5.0 5.0
c.g., forward of step, im. 5. 5.1 5.4 5.1 7.2 7.2 7.2 1.89 | 1.8 1.8 | 1.8
ceg., helght above keel at step, in. |16.56 | 16.56 16.56 16.56 17.5% 17.94 17.54 L4.86 | 4.861 4.8k 4.86
Chine flare, forebody Yes Yes Yes Yes Yes Yes Yos Yes Yes Yes Yes
Chine flare, afterbody No Ko No No Yes Yes Yoq ¢——Near sternpost only—>

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II

SUMMARY OF COMPARISONS OF THE SERIES

creages thereafter.

attalned.

Best-trim hump Free-to-trim hump High speed
Series | Boses o
(constant,) Tr . Trimming-moment, Fig. Trim &/R Fig. AR
Fig. (dg:) Speed coefficient a/R coefficient g (deg) g
DVL Beam 6(b)|Decreases with in- |Increases with in- Jncreases with in- [Increases with in- 9(a)|Decreases with in- |Increases with in- 12(s) [Incresses with increasing L/b
crease in L/b creasing L/b. Nc ereastug L/b to op- [creaging L/b.(Moment, creage in L/ creasing L/b to opti- ab heavy loads to ortimum of
maximum value at- timum value of about! accelerates with mum value of about out 9.25. Little change
talned. 9.5. increasing L/b.) 9.5, Hlth L/b at 1ight loads.
Length- |{7(b)|Decreases with in- |Increases with in- Increases with in~ | Increases with in- |10(a)|Very Slifht de- Slight 1HCP6859 with [ 12(b) [Incresses with Increasing L/b
bean crease in L/b. Slopefcreasing L/b to extra-| creasing L/b to op- |creasing L/b. (Homent| crease with increas{increasing L/b. Op- at all loads to optimum of
product, of curves less than jpolated maximum value | timum value of about|proportional to ing L/b. Minimum timum value at Lib about 9.25.
those at constant at L/b of about 9.5. |9.0..Slopes of Lip.) attained at L/b of about 9.
beam. Slopes of curves less | curves less than about 9.5.
than those at con- those at constant
stant beam. beanm.
Length~ |8(b}| Decreases with in- [Incresses with in- Very slight in- Increases with in- | 11(a)|Slight increase Negligible change 12(¢) |Increases withincreasing L/b
bean crease in L/ to a f[creasing L/b to extra~{ crease with increas-) creasing L/b.(Moment] with increasing with increasing L/b. at all loads to optimum of
product minimum L/b of 8.5. |polated maximum value |ing L/b to optimum decelerates with in-| L/b. Falls off after L/b about 9,25,
Least change of trim|at L/b of about 10.5. | value at a L/b of creasing L/b.) of about 9.5.
with L/b. Slopes of curves less | about 8.5,after
than those at constany which it drops off
length-beam product. rapidly.
NACA Bean 6(a)| Decreases with in- [Increases with in- Steady increase withl Increase with i 9(b)| Decreanes with in~ | Increases with 5“- 13(a) |Small decrease with increas-
crease in creasing L/b, No L/b . Appears to ap- |creasing L/hb. (s“u crease in creasing L/b to o ing L/b for-all loads.
naximum value at- proach an optimum acceleration ih timum valye at L/
tained. but no optimum value| mosent with increas- of about 7.5.
attained. ng Lib.)
Length- | 7(a)f Decreases with in- {Increases with in- Increases with L/b | Increases with i 10(b){ No change to a L/b | No chanfe with L/b 13(b)]Small increase with increasing|
bean crease in L/b.Slopes|creasing L/b.Slopes to optimum value at | creasing Lib (Slieht cf 6.5; slight de~ ] to a value of 7.0, L/b at the heavier load. No
product of curves less than |[of curves less than L/b of approximatelyl deceleration in mo- crease with in- after which it de- change at the lighter load.
those ati constant those at constant 6.5. ment with increasing creasing L/b there- creases.
beam. beam. L/b.) after.
Length?- | 8 (a) Decreases with ln- |Increases with in- Slight decrease Increases with in- [ 11(b)| Slight increase Decreasea with in- 13(c}[Small increase with increasing
beanm crease in L/t ratio.|creasing L/b. Slopes | with increasing L/b.| creasing L/b. with 1ncreaslnE L/b| creasing L/b. L/b at all loads.
product, Leaat change of trim/of curves less than (Moment decelerates to maximum at L/b
with L/b, thoge at constant with increasing of 7.0.
length-bean product. L/b.)
Stevens Beam No data, No data. o data. 9(c}| Sharp decrease Increases with in- No data.
Institute b 8 fo data. ! wlthp)ncrgaslng creasing L/b. No op-
. timum value attained |
Length- N . 10(c) Slxght 1ncreaee Smell increase with No data.
eaﬁ o data Yo data. No data. Ho data . with L/b to L/b increasing L/b. No
product. 6.0; marked de— optimur vajue at-
crease thereafter. | tained.
Length2- . 11({cX Increasses with in-| Very slight increase No data.
beag No data. No data. Yo data. No data. creasing L/b to HlLK increasing L/b.
product b of 6.0; de- No optimum value
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Figure 2.- Profile and plan views of the NACA series.
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Figure 4.- Plan_views of the three series of
models at _an arbitrary length-beam
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Fig. 5
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Fig. 6a,b
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Figure 6.~ Best-trim hump characteristics for two series of models about
their respective center-of-gravity positions. Constant beam.
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(c) Stevens Institute series.
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Figs. l2a-c, l3a-c
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