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NATTIONAL ADVISCRY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1062

TANK TESTS TO DETERMINE THE EFFECT CF VARYLNG
DESIGN PARAMETERS OF PLANING-TAIL HULLS
I - EFFECT OF VARYING LEMGTH, WIDTH,
AND PLAN-FORM TAPER OF AFTERBODY

By John R. Deawson, Robert C. Walter,
end Ellizaebeth S. Eay

SUMMARY

Tests were conducted in Lengley tank no. 2 on
models of an unconventlonal flying-boat hull called a
nlaning-tail hull to determine the effects on resistance
of varylng a number of afterbody parameters. The effects
of varying length, width, and plan-form taper of the
afterbody are presented. Tests were made with after-
bodies of two widths, two lengths, and two tapers. In
the tests the depth of step and the angle of afterbody
keel were held constant.

In gensral, the planing-tail hulls had much lower
resistance than conventional hulls. A typlcal con-
vertional hull compared with a2 plaening-tail hull had
L0 percent greater resistance at the hump speed and from
75 percent to more than 100 pernent greater resistancs
near the get-away speed; but in an actual application of
the planing-tsil hull the center of gravity would have to
be located aft of the step in order to obtaln the reduc—
tion in resistance at hurmp speed.

It was concluded that decreasing the width of the
afterbody of a planing-talil hull increaesed the resistance
at hump speed, decreased the trimming moments required
to obtain best trim, and moved forward the location of
the center of gravity required to give best trim at ths
hump spneed. Increasing the length of the afterbody of
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a planing-tall hull decrc¢ased the resistance over almost
the whole speed range, reduced the variatlion of trim with
sneed, and moved aft the location of the center of gravity
requlred to obtain best-trim at the hump speed. Tapering
the plan form of the afterbody reduced the reslstalce

over the lower halfl of the speed range and had 1little
effect on the reslstance at high speeds. Plan-form

taver also moved forward ths location of the cenbter of
gravity required to obtaln bhest trim at the hump speed.

IRTRPODICTION

The WACA flying-boat hull with a pointed step
(reference 1) was introduced as & configuration that
would have low water resistance at hiph speeds because
of its inherently deep step. The results of preliwmlinary
tests made on models with a hull simllar to the type
used in reference 1, called a planing-tail hull, are
nresented in reference 2. The KACA planing-tall hull
has a pointed-step forebody in cowmbination with a very
long afterbody that extends vack tc the reglon where the
tall surfaeces would be sttached; thus no tell extenslion
18 required. The resulis from reference 2 showed that
the plarning-tail hull not -only. would have the low
resistarce at high speeds that 1s characteristic of the
vointed~sten hulls but also would have very low hump
resistance. The results also indicated that the
longitudinal stability of planing-teil hulls on the
water would _be less critical than that of conventional
hulls, whereas the directional instabillity found in
nointed-step models was seliwminated.

Tests hhave been mwade in Langley tank no. 2 to
determine the effects on resistance of varying a number
of afterbsdy perameters of the planins-tall hull. The
effect of varying length, width, and plan-iorm taper
of the afterbody 1is glven in the pressnt paper. In the _
tests the depth of step _and angle of aftervody keel were
held. constant. : :

COEFFICIENTS AMD SYNEQLS

The data of the tests were reduced to the ususal
nondimensional coefficients based on Eroude's law.
These coefficlients are
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Cp load coefficient | L
{.‘ bi
. v
Cv speed coefficient ——
\ v8P
CR resistance ccefficient EB_
wb5
/

C trimming-moment coefficlent ( M ‘>

wbh
c draft coefficient (9 )
d b

where

A load on water, pounds )

v speed, feet per second _

R resistance, pounds

M tfimming moment, pound-feet

d dreft at step, feet

W specific wsight of watsr, pounds per cubic foot
(3.0 1b/cu ft in these tests)

o3 acceleration of gravity, feet per second per seccnd

b maximum beam of hull (1.08 ft)

DESCHIPTION OF MODZLS

In order to avoid undesired effects of secondary
variables not under study, the models were made with
afterbodies of very simple form. Millets and Tairings
were omitted; consequently the models would reduire further
refinements before being made into hulls of good aercdy-
namic shape,
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The lines of the models are gilven in figures 1 to 3.
The forevody used in all models was the forebhody of
model 35-A, a nointed-step hull having an angle of dead
rise of 200 and no chine flare (reference 3). This
forebody was arrenged so that varlous afterbodies could
be attached; two types of attachment blocks were used
for this ourpose., (Compare figs. 1 and 2.) Both of
these attachrent blocks cleared the water below hump
soeed, and. check tests made with one configuration
showed that the effect of changing attachment olocks
was negligible.

All models of the present tests had a depth of
step of ;.50 inches and an angle of afterbody keel of 4O,
The configurstions thet were -tested are listed in the _
following table with the dimensions expressed in terms
of the maximum beam:

Langley tank | Length of ¥idth of

rodel afterbody afterbody Pilan form
(beams) (beams)

163A-11 L.00 0.395 Rectangllar
163G=11 Li..00 277 . Do,
163D-11 5.60 «395 Do.
1630-11 5. 60 .962 to .009| Straight taper
163J-11 5.60 .962 to .15 Do.

. TEST PROCEDURE

The tests were made by the specific method. The
load on the model was apzlied by dead weights. In order
to simplify the tests, wing 1lift was assumed to vary only
as the square of the speed, and the paerabolic load curve
given in figure L. was used in all tests. Flxed-trim )
runs were made at constant speeds, and reslstance, draft,
and trimming moments were measured for each run.

A gufficient number of itrims were investigated to give
best trim, zero trimming momnents for the center

of moments used, and eunough deta for free-to-trim
curves to ve derived for a cenbter-of-gravity location
that would give best trim at the hump speed.
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In order te obtain the resistance, the air drag
of the towing gear was deducted from the mesasured
resiscance but the air drag of the model was not
deducted. The plotted values of resistance, therefore,
include the hydrodynemic resistance and the air drag of
tire model.

At high speeds and low trims the afterbodies of
the models were ciear of all water and spray. WUnder
these conditions, the rezistance of the complete model
can dirfer from that of the forebody alone by only the
small differences in air drag. Data from unpublished
tests made with the forebody alone were compared with ~
results from some of the present tests made with the
complete configurstions; under conditions in which the
afterbodles of the complete models were clear of the
weter, the resistance was found to be regligibly
affected by the presence of the afterhody. Data from
the forebody tests were therefore used for some of the
models in the speed regions where the sfterbodies were
clear, and only sufficient test runs were made with -~
the complete model in this region to determine whether
the afterbodies were definitely clear of the water.

The towing gear used in the present tests was of
the sarme type as that ured in the tests of referenée 1.
Wit this type of gear it was poscible to cobserve whether
any of the directional instabllity encountered with '
pointed-step models (reference 1) would be found '
with the planing-tail models. )

RESULTS ARD DISCUSSION

The fixed-trim data for all models are given in
figures & to 9. These figures include curves of
resistance, draft, and trimming-moment coefficients
plotted egalinst speed coefficient with trim as a
perameter, ’ ;

The only directicnal instability observed in
the tests occurred for all the models at a trim of
47 vetween speed coefficients of 2.0 and 3.0. 1In
thlis speed range a trim of 4° 1s too low %o be of
interest in a practical application and the curves
of figures 5 to 9 show that the resistance is very
much greater ata trim of [° than at higher trims.
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In order to show ths effects of the several
rarameters under investigation (lengbth, width, and
plan-form taper of afterbody), both bezt-trim and
free-to=trim (zero~trimming-moment) curves were derived
for each model. (See figs, 10 to 13.,) I'ree~-to-trim
resistance characteristics are nscessarily a function of
the location of the center of gravity. ITn order to
compare free-~to-trim datg ol hulls of different forms, it
ig therefore necessary to establish a criterion i'or the
selectlon of the centers of gravity at which the com-
parisons are to be made. The use of a location ol the
center of gravity that ls a conetant distance from some
arbitrary point on the mcdel, such as the atep, does not
always give a falr comparison becauszs the optimum value
for thig distance may not be the same for each hull. -
The free-~to-trim curves presemted herein, thercfore, were
derived Tfor a center-of-gravity location that would
result in zero trimming moment for best trim at huup
speed, and trimming-moment coeffilcients given for best
trim vere determined for the sams center of gravity. The
locations of the center of gravity that resulted from
thls procedure are shown in the slwetchos ol fisures 10
to 13. .

Effect of Decreasing Width of Afterbody

The effect of varying the wldth of the afterbody
is presented in igures 10 and 1l. A comparison of
‘models 163%34-11 and 163G-11 shows that decreasing the
width of the afterbody from 0.395b to 0.277b increased
the resistance at hump speed and had a negliglble efllfect
on the resistance &t high speeds. Thegse effects were
obtained in both the free-to-trim and best-trim conditions.

The magnitude of the trimming moments required to
obtaln best trim at high speeds was deecrsased by
decreasing the width of the afterbody.

Decreasing the wldth of the afterbody had only
negligible effects on best trim and on the trim for the
Iree-to-trim condition. In fact, the differencos in the
free-to~-trim curves were less than 1° throughout most
of the speced range. T T T i

Decroasing the width of the afterbody moved forward
the locatlion of the center of gravity that gave best
trim at the hump speed. '
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Bffect of Increasing Length of Afterbody

Increasing the length of the afteLbody from L.00b
to 5.00b (models 163%A-11 and 163%D-11 in figs. 10 end 11)
dacreased the resistance over nearly the wiole speed -
renge for both the best-trim and free-to-trim conditions.
The differences between the curves of the Ffree-to-trim
and best-trim resistance were reduced by incressing
the length of tihe afterbody. Over most of the speed
range the free-to-trim resistance of the model with the
long af fterbody (model 163D-11, fig. 11) was actually
less then the best-trim resistance of the model with
tie short afterbody (model lvZA-11, fig. 10).
Lengthening the afterbody reduced the resistance at
hiznp sweed to such an extent that the resistance
curve is aroximately parsovolic in shape.

Increasing the length: of the afterbody reduced the
varietion of trim with speed for bothh the best-trim and
free-to-trim conditions. In the fres-to-trim condition,

-0
the trim of model 163D-11 varied only 1= _ throughout the

2 i
whole speed range. ITengthening the afterbody, however,
moved aft the center-of-gravity location for hest trim
at the hump speed end the center of gravity to which
these data apply is slmost 1 beam aft of the step.

At botn the best-trim and free-to-trim corditions
the long afterbBody of model 16ZD-11 was In the wster at
21l speeds. At best triin, however, the afterbodies of
models 163A-11 end 163G-11 cleared the water at a speed :
cosfficlent of aporoximately l,.0 and were not wetted at
higher speeds; consequently the complste models had .
almost the same resistance as the forebody alone. The
resistance at high speed of model 163D-11 with both ths
afterbody end the forebodr planing was therefore less
than the resistance at best trim of the forebody.’ S

Effect of Tapering Afterbody

The effect of varying plan~-fore tgper of the
efterbody is shown in figures 12 end 1Z. The straight ~
tapered afterbodies, models 163J-11 and.lézc 11, had
the same length as the long rectangular afterbody,
model 1o3D-11, but the tapered afterbodies had
considerably more erea of bottom. (See figs. & and 3. )
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Both models 1635-11 and 163C-11 had less resistance .
over the lower half of the speed range than the model
with the long rectangular afterbedy and had approximately
the same resistance at high speeds. The reslstance _
curves for the tapered afterbodies sre generally the

same in shape as those for the long rectangular after-
body in thkat the pealks at the hump speeds have been
elimlinated so that the curves are approximately

parabolic in shape. Varlation in tkhe amount of taper

of the afterbody did not appreciably arifect reslstance.

The locations of the center of gravity required
for best trim at the hump were failrly far aft for the
models with the tapered aftsrbodies, but increasing .
the taper moved this locatlon forward.

Conmparison of Planing-Tall Hulls
with a Conventional Hull

The charsdcteristlics of one tapered-aftertody
planing-tail model (model 163J-11l) are compared with
those of a representative conventional hull (designated
hull A) in figure 14, In this figure, curves of re~
sistance coefficient, trimming-moment cocefficient,
and trim are glven at best trim for both hull A and
model 163J-11 torether with the free~to-trim
resistance coefficient for model 163J-11.

The use of coefficients as glven in filpures 14
and 15 results in a compariscn on the basis of equal
beams for both hulls. When compared on this basls,
model 163J-11 would be anproximately 0.8 of a beam
longer trhan hull A. .

The best-trim resistance of the planing-tall

hull was lower than that of the conventional hull

hroughout alwost all the speed range. The critical
regions for resistance are normally at the hump
anpeed and near the ret-away speed., In these reglions
even the free-to-trim resistance of the planing-tail
hull was noticeably lower than the best-trim resistance
of the conventional hull, A4t the hump speed the
reslistance of hull A was 40 percent greater than that
of the planing-tall hull, and near the get=away speed
the restastance of hull A was from 75 _to more tkan
100 nercent greater.
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At Iintermediate planing speeds in the region
oy = 4.0 to 5.5, the trimming moments required to
obtain rest trim were significantiy higher for the o
planing-teil hull tran for the conventional hull. o
In this region, however, the small differences ’
~aetween the curves of tre free-to-trim andéd best-trim
reslstance showed thet the resistance would be Increaczed -
only slightly if aerodynamic moments available were
insdequate to obtain best trim. “

In the high-speed region the best trim of the
plaening~-tail hull was higher than that of the con-
ventional hull. @n this regiorn the best trim of the
conventional hull was low because at higher trims
spray from the forebody struck the aftertody and tnis
"afterbody interference tended to increase resis;anGQY
(3ecause of the dsep pointed step of thie planing-tail
hull, the spray from the forebody dié not strike the
afterbody ~ even in configurations in whichk the afterbedy
was of such lerngth and width that 1t rode in the
water at high speeds (mocel 163D-11) the spray fron
the forebody still &id not strike tre afterbody in any
appreciable quantity. At hipgl speeds the best trim
of thse complete planing-tail hull was therefore approxi—_
mately the same as that of the forebody alone. At
spred ccefficlents greater than 3.0 tlie best trims feor
the planing-tail hulls tested were, in general,
within 1° of those given in reference 4 for a =ilmple
planing surface with the same angle of dead rise (200),

. In figure 15 the ratio of load to resistance (A/R)
at. best trim is vplotted sgainst speed coefficiang
for all the models tested - also for hull A, Eull A
had a value of A/R &t the hump speed cof oniy 4.5,
whereas the planing—tail hulls withh tapered afterbodies
had values of A/R of sbout 6.5 at the same speed
cnefficlent (2.6). At nigh speeds A/R did not
drereese as rapldly for the planing-tail models as for _
hull A, The value nf A/R for model 183J-11 at 90 per- T
cant of get-away speed was approximately 5.8, which B
is a value much greater than that usually obtained for
conventional hulls at such a speed coefflplent._ Tt
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General Remarks

Low resistance characteristics appear to bs
inherent in the planing-tall type of hull. The low
resistance at high speecds, which 1s characteristte
o' the pointed-step hull, has beehn retained in the
planing~tail hull and, at the same time, the hump
reslstance has besen decressed to & mariec degree by an
lncrease in the lengti of the afterbody. The trirming-
momert characteristics of the coanffpgurstions trat give
lowest resistance are such thsat the center of gravity
would have to Ye located af't of the step in order to
obtain best trim for s practicel application. This
locatlion would tend to ingcrea=e tlie length of the hull
forward of the wing. '

The models with tapered aftefbadies,which have
lower water resistance, would tend to have less air
drag than tlie models with rectangular afterbodies.

Tihe limited tests renortcd in reference £ give
the only data available on the longltudinal stability
charscteristics of planing-tail hulls. A comprehensive
Investigation of these characteristics would be desirable
in order to obtain a more complete evaluation of the
wort:: of this type of hull, Ar investigation of the
effects on resistance of further variations in afterbody
varameters would deternine whether lower resistance
curves than those of tlie present tests could be ohtained,

CONCLUSIONS

Resulte of tank tests to determine tue effect of
varyling Gesign parameters of planing-tall hulls led to
the followine conclusionss

1. Planing-tall hulls of the tvae tested hagd
inherently much lower resistance than conventional
hulls at both the hump-speed and high-gpeed parta
cf the take-off run. A tyvical conventional rull
compared with a planing-tail hull had 40 psercent greater
resgslistance at the hump speed and from 7E& percent to
more than 100 percent greater reslstance near the get-
away speed; but 1In an actual spplication of the planing-
tail hull, the center of gravity would have to be i
located aft of the step in order to obtain the reduction
In resistance at hump speed.
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2. Decreasing tne width of the afterbody of =&
planing-tail hull increased the resistance at hump

speed, decressed the trimming moment required to obtain o

pest trim, and moved forward the location of the center
of gravitv required to obtain best trim at the hurp speed.

3. Increasing the length of the afterbody of a
planing-tail hull decreased the resistance over almost
the whole speed range, reduced the variation of trim
wvith speed for both the best-trim and fres- to-trim
conditions, and moved aft the location of the center
of gravity required to obtain zerc trimming moment
for best trim at the hump speed.

4, Tapering the plan form of the afterbody of a
planing-tsil hull reduced the resistance over the lower
helf of the speed range and had 1little effect on the
resistance at high speeds. Plan-form taper also moved
forward the location of the center of gravity required
to obtain test trim at the hump speed.

Tangley Memorial Aerorautical Laboratory
National Advisory Cormittee for Aeronautics
Langley Field, Va.. Janusry 7, 1946
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Figure 9.~ Resistance, trimming-moment, and draft characteristics
of model 163J-11 at fixed trim.
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Figure 13.~ Effect on free-to-trim characteristics of tapering afterbody.
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