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A COMPLETE TANK TEST OF A FLYING-BOAT HULL WITH
A POINTED STEP - N.A.C.A. MODEL NO. 22

By James M, Shoemakser
SUMMARY

The results of 2 complete tank test of & model of a
flying~boat hull of unconventional form, having a deep _
pointed step, are presented in this note. The advantage
of the pointed-step type over the usual forms of flying-
boat hulls with respect to. resistance at high speeds is
pointed out.

A take~off example using the data from these tests 1s
worked out, and the results are compared with those of an
example in which the test data for a hull of the type in
general use in the United States are applied to a flying
boat having the same design specifications. A definite
saving in take-off run ls shown by the pointed-step type.

INTRODUCTION .- -

Typical curves of the take-off characteristics of a
flying boat show two regions in which the excess thrust
avallable for acceleration is notably low. The first oc-
curs at the "hump" of the resistance curve, in the low~
speed.part of the planing range, usually at about 30 per-
cent of the get-away speed. The second occurs hear ‘the
get—-away speed., A large part of the takxe-off time is
spent in accelsrating through these regioneg @f low ozpess
thrust. The high speed obtaining during the second period
of low acceleration cesuses the distance run during the

. last few seconds before get—-away %to be excessively great.

&4 decrease in the high-speed resistance consseguently
causes & pronounced reduction in the length of the %take-
off run, and reduces the probability of damage to the hull
when a take~off is made in rough water.
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The designer has_ somo control over the relative magni-
tudo of tho resistanse .in thHe twoiéritical regions, as was
pointod out in reforonce 1. Using a small hull for a given
load 1s favorable to low resistance at high spoeds, dbut un-
favorable in the hump region. Thé: rosistance at the hunmp,
howover, is more critically dependent upon hull loading
than that at high spoods, If & desigh shows a tondoney to
"etick" near get~away it can be improved to some extent by
decreasing the hull size, thus increasing the value of %the
load coefficient and hence the ratio of load to resistance.
If the high~speed resistance of the hull is excessively
great, however, the nocessary réduction in size may be
great enough to cause seriously high resistanco at the
h'u.mp .

T,

.1.--

: Oonsideratlon of tnese characteristics 1eﬂ'¥o EEE con~
clusion that the over-all performance of & flying—boat

hull could be materially. improved if some means could be
found:of obtaining a largé reduction in high~speed rosist-
ance without materially affecting the hump resistance. -
This method of attack sesmed partlcularly logical since

: *the.rdatio of load %o resistance at high speeds and iight

.loads  is distlnctly low for hulls of conventilonal form,-
wvhereag that for the hump reglon 1s already readonably
high &nd could 'be made still higher 8imply by increasing
the “alze of the hull if doing so .did. nd% caulee ﬁroublo
,noar get—away., .

This line of reasoning is probably responsldble for
several designs incorporating longitudinal steps or flubted
bottoms for the purpose of reducing the effective beam and
consequently the resistance at high gpeeds. From the
rather meager data available on such types it appears that
they-only partly accomplish this purpose, and that the
-ratio of load %o resistance in the hilgh-speed. range is Tut
slightly better than.that for a conventional hull, & pos-
-81ble explanation may lie in the fact that most of the
high--speed resistance seems to be caused by the blister
from the step striking the afterbody. This explanation is
borne out by unpublished tests mede in the N.A.C.A. tank
-on & forebody alone; in which the reslstance at high
ppeeds and Iight Toads was considerably less than that of
the-pame hull with the afferbody in place. Although the
longltudinal step 1s effective in reducing the wetted
beam+~0f . the forebody, the blister railged. aft of the step
.1s probahly not appreciadbly smaller than that arisilng from
e plain V bottom, herce tiie resistance of the afterdbody 1s
not materially reduced,
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T A somewaat differett .solution ‘§6 the prdodblem was sug—
ested by the behavior of a conventional hull running in
she high~speed range at'very aigh trim angles. Under

these conditions the step came clear of the water and the
load was carriod o’ tho pointed afterbody, with about half
the reosistarnce of the same hull running at the best trim
angle with tho load on the sftop.- This condition is Tepro-
sehted by {the curves for loads of 5 and 10 pounds, and by
éne. point for a 20—pound load, in fiﬂure 6 of roferorce 1.
The trim angle of the base line for these curves was 9
Land the angle between the base line and the afterbody keel
545° _causing the afterbody to run at ‘an angle of 3, 5%,
The . cleararce of the tail extension was great enough that
tne olister from the afterbody dld a0t touch it. N
. the” condltion described, nad no direct application for
‘the huli ih question, becauss the diving mohents exerbted”
by the watelr redction were outsido the practical llmit.

It did, however, &Suggest the'possibility of dosigning a ~
hull'with 'a pointed step, making the -stop deep enough %9
keop the afterbody clear at high speodse. It was believed
that the air drag of a deep p01ntod stop, with the chines
fair in plan form, would be no worsc than that of a_ con-
veéntional transvorso steps It also seemcd probable that
the dead rise could be mads small without causing severe
1and1ng shock, ‘since the landing would be made on the -
point of the step. C

A set of lines was laid out in accordance with these
ideasy, and N.A.C.A., model 22 was made from them, It was
tested by the "complete" method in the W.A.C.A. tank dur-
ing July 1933, ' :

APPARATUS AND LETEODS

The procedure and purpose of the complete type of
test used in the present investigation are discussed in
detail in reference 1, The method consists of towing the
model at all the combinations of speed, load, and trin
angle that lie within the wusoful working ranzce. For oach
test point the resistance, trimming momeat, and draft cor—

responding to one combination of the indopondont varia~
bles are moasurocd,

The towing gear used in tho prosent tests diffors’
slightly from that described in reforonce 2, The appara-
tus for measuring rosistance and moments is retained, Dbut
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tao motnod of. suspanding tho model has bcon somowhat al-

tercé,  Tho now apparatus, together with othor changos
=now boing considered, will be descrlbod in a future roport.
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Tho lines and offsots of model 22 ars shown in £1g~
The essontial dlfferences ‘botween this form and .
that 0f  a. conventional ‘hull..lie in the deep pointad atep,
. the Hogrizontal afterbody, and the low angle. of dead rise,
Tho bow 'is -also unusually high and the bduttocks rise rath~
‘er sharply forward of the gtatioy . of .maximumpm, beam, The
tail extonsion aft of the sternpost. was not inccrporated
in the nodol because its effect on water performanco ig"
The lines as shown arq sultablo
for uso in a dosign whero tho tail surfaccs are carrled
on odutriggors. -4 tail. extension may . be. added 1f°1% 1s de-
sired to 'usé theso lines for 8- design in vhich the sur-.
facos are cartriod on-the hull structure. -In this’'caso ~
the keel of thc taill cxtonsion should moet the . etornpost
somewhat above water 1ine 3. to avoid detrimental lntorn
foronco. S oo T .‘:.“.~. ST'- : g

The model is conatructsd of 1aminate& mahogany, hol~
lowed out to. reduce the weight, It is covered by a flat
plywood deck. The finish consists of several coats. oi
grey enamol, rubbed to a smooth surface,

r

The principal dlmensions ara:-

o ‘:i.ength,k;;rer:-a-:lll‘m '76 in. LT
Lengtl ¢f forebody _;,:%g in,
gaximum bean 17 ine
L Depth, over-all '3-'-.' : 12“1n.
.:%-~A.K.Depfh of step L “Be 94 in, ‘
‘-‘f Jﬁgle of dead risel'grféoét: o i

Angle between kools O q;'f S

ﬁﬂ

e

it

Wit

R
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RESULTS

gggg_igggir The 1oad, speed, resistance trimming mo-
ment, and draft for each test point are given in the te-
ble of test data. All the points for one ftrim angle are
tabulated together, The same data, with. the exception of
the draffs, are presented graphically in figures 2 to 7
ag curves of resistance and trimming moment plotted
against speed, with tho load as a parsmeter. Bach figure
g8lves the results for one trim angle., The rosistance
givon includes the air dreg of the model, as was explained
in rcfoeronce 1, TWhen the results are applied to a tako~
off calculation thd parasgite drag of the hull should not
be included in tho air drag of the seaplanc, '

The trimmzng momonts and drafts.at rest are given in
figures 8.dnd 9. . These curves may . be used to determine
the water line at rest for any displacement and center—of-
gravity position.’ The trimming-moment curves also give
the longitudinal stability of the hull at reste.

Nondimensional resulise~ The difflculties caused by
the large number.of variables in the test data, ahd a
method of avoiding them, are discussed in reference 1l.
The procedure consists of plotting the model resistance
for a given speed and load against trim angle, to deter-
mine. the,ninimum resistance and the best trim angle for
that particula? speed and load,  Cross-plots of minifmum
resistance and best trim angle against load are then pre~
pared for each speed., The results are reduced to nondi-
mensional form and presented as curves of reslistance coef-
ficiont and best trim angle againgt gpeed coéfficient, _
with load coefficient as. a parameter, The trimming mo-
ments are similarly" plottod against trim angle for a-given
load and speed,_and ‘the moment corresponding to the Dbest
trim angle read from the curve., Thoese moments are then
roduced to nondimensional form and plotted against load
with specd as a parameter. The moment coefficients corro~
sponding to even load coefficlients are read from these
curveés and the results’ presented as curves of trimming=
noment coefficients plotted against speed 2osfficient with
load coefficient as a parameter.

The nondinensional coefficients are used only in the
presentation of data for the best trim angles. They are
defined asg follows:
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A .
Load coefficient, CA = —=% .
w b
Resigtance coefficiont, Cp = i@
. ' . } S
Trimming—moment-coefficient, Cy = ﬁ;4
: w.e .. e
_ _ o =
d effici t C = e——
Speed co icient, _ A =
LY Y
whore A is the load on the water 1b. -
R, water resistance - 1b. _ .
w, weight density of water 1be/cu.fhe
b, beam of hull £t.
M, trimming moment lb.~f%,
V, spsed ft./s6ec. !
g, acceleration of gravity f%./86C.> .

Note: w = 63.6 1b,/cu.ft, for the water in the N.A.C.A,
tank,

The nondimensional results showing the characteris—
tics of model 22 at the best trim angles are presonted in
figures 10 to 13, Figures 11l and 12 both present the val-
unes of Op as a function of Oy &and CA. Figure 1l is
included to show the trend of Cp against Cy, wheress
figure 12 is more rsadily applied to a take-off calculation.

Accur 8CY e~ The test data as presented in tha falred
curves are believed to be correct within the following
approximate limits:
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Load £0.3 1.
Resistance + .1 1%.
Speed + .1 ft./sec.
Trim angle + .l°
Trimming moment +1 1b.-ft,
DISCUSSION

Resistance characteristics.-
the low resistance at high speeds
of this model has besn rsaliged,

The results show_that
and 1ight loads expected
Figure 1l shows reason-

ably flat curves of Cp against Oy 4in the high-speed
range. The rise of Cr noted with incroasing GV is
caused in part by the air drag of the model, which ig in-
cluded in the resistance. The actual water resistance is
probadbly nearly constant against speed in this region.

An idea of the relative merit of this model can be ot-
tained from figure 14, in which the vaelue of the load—-re-
sistance ratio at various speed coefficients is plotted
against load coefficient for models 22 and 11l-A, Modsel
11l~A, the characteristics of which are given in “reference
3, has the best performance of any model so far tested by
the complete method in the N.A.C.4&A. tank., It is Dbelisved
To be a fair representative of well-designed hulls of the
conventional American type. Tigure 14 shows that model 22
is definitely inferior to model 11l-A at ths hump speod.

At all the higher sposds chosen, however, the superloriig
of model 22 is considerable, amounting to a 73-percent in-
crease in A/R over that of model 1li-~A for & speed coeffim
cient of 6.0 and load coefficient of 0.1l.

The relatively high hump resistance of model 22 does
not appear to be inherent in the desp pointed step, dut
seems rather to be caused by the upward curvature of the
buttocks toward the bow. 4L longer flat on the forebody
forwvard of the step, together with a lower bow, will prob-
ably reduce the hump resistance to about the same value as
that of good conventional types.
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Moment charagteristics.- In previous notes on hullsg
tested by the complete method in the N.A.C.A, tank, the
moment Zoéfficients -at.best angles.have not been present~
eds The reason for this omission, explained in reference
1, was the difficulty presented by the rapid change of
trimming moment with angle. The attempt to establish these
curves for model 22 was somewhat more succéessgful than the
previous efforts, and the curves are presented in figure
1l3s "he sign-.-of the trimming moments follows the usual
aerodynamic convention, i.e., moments that tend to raise
the bow are consldered positive. The use of this filgure
to determine the trimming moments necessary to maintein
best trim angles throughout a take-off run consisgsts of
reading the value of Cy corresponding to the values of
. Cy and’ CA for a given condition. . The trimming-moment
is then, T

M = meb

where" b is the full-scale beam in feet.

p a2y formation.- The spray characteristics of model

22 were studied by direct observation and by means of pho-
tographs taken during the tests. At low speeds the hull
is rather "dirty." The bow blister is heavy and rises to
a considerable height. The upward curvature of the bube
tocks near the bow 1s apparently responsible for thig tn-
desiradble’ blister ags wéell as for the relativsely high hump
resistan¢e at heavy loads. The height of the bligter”
could probably be . materlally reduced by meang of spray
strips. .

a S - == - =&

A pronounced roach,_or feather, is raised behind the
model at a speed of about 10 feet per second. The posi-
tion and height of this roach vary with speed, and it dis-
appearg, completely at speeds above abdbout 12 feet per sec-
ond. The addition of a tail extension of the usual form
would probably serve to hold the roach down so- that 1t
would not damage the tail surfaces, without causing an ap-
preclable change in resistance. )

A% high speeds and low angles the model is very clean,
It runs on the forebody only, and the spray clears the af-
terbody entirely. This fact accounts' for the low resiat—
ance in the high-speed reglon.

e — - R
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. Takeqoff example.—~ The effect of the characteristics
of t0del-22 on take-off performance can best be shown by
#orking out an example. For this purpose the same design
spegifications that were used for the examples in refer—-

ences 1,and 3 are assumed. They are: .
Gross load 15,000 1b.
\é% Wing ares .'? ,- | =i 1_000 sq. ft.q__f
f?;"” Power . ) ) ~ 1,000 .np.

e wma. =l am 2 - s e = i = L R R —— - . . -~

L "Effective aspect ratio, o
-+ considering ground

Tom '

.reffect _ L 7;0;‘1___
.~ Pafasite"drag coefficient, _ _ :;;_
g . ®©xcluding hull 0.05
' L Airfoil ' Clark Y (data taken

_ . - . from ¥.A.C.A. T.R.
. _ ‘¥o. 352, p. 26)

The relatively high resistance of model 22 at the -,
hump and the low resistance at high speeds lead to the se-

‘lection of a low value of the load coefficient. A value

of 0.3 at the hump corresponding to a A/R of 5.08 was
chosen for the first trisl. This selection is based upon
inspection of the curves of figure 14, A second trial may
be required after the curves of total resistance and thrust
available have been constructed if the excess thrust at ei-
ther.of the critical regions is too low. The load at the
hump is assumed to be 0.9 X Ay, or 13,500 pounds. The

. 8.9 feot.
0.3X64 / °r e

beam is thus

The wing setting is determined by the method outlined
in reference 1, The setting giving the least total re-
sistance at 85 percent of the stalllag, sgeed is 6.3%, cor-
regsponding. to an angle of attack of 10.5° and a best trim
angle of 4,2° ; '

The curve of the total air—plus~water resistance,__:
based on these conditions, js given in figure 15(a), to-
gether with the curve for model 11l-A taken from referengg

3. The thrust curve in this figure is the same as that__
used in the previous examples of refg:gnpes_}_qu 3. The
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curves of i7a ‘andt T/a, computed from ‘the excess thrust
available for acceleration ‘showh’ by figure 15(a), are plot~
ted in figure 15(b). Thé area under the curve of 1/a
represents take-off tiie, #nd that under the curve of V/a
takenoff run, Comparison of the V/a curves of the two
modely shows clearly the superiority of model 22 in reduc~
iAg tne 1engta of run at high speeds.

It may appear from the curves of figure 1o(a) that a
better choice of peam could have been made for either or
both models. Model 22 shows consideradbly lower excoss
thrust at the hump than at high speed, while the converso
is true of model 1l-A, Soveral trial calculations using
difforent beams were mado, however, and those chosen ap-
pear to give about the best pberformance possible in each
case. A further increase in the beam of tho model 22 hull
would cause the weight and air drag of the hull to be oz~
cessively high., Some of the advantage of the low water
resistance at high speeds would also be sacrificed. If
tho beam of the model 11-A hull were reduced the hump re-
sistaunce, and therefore the take~-off time, would bBe 4in-
creased without a proportionate decrease in high-speed re~
sistance, The forme of ‘the .curves are inherent in the
characteristics of the two models, rather than in the se~-
1ection of beams for thls example. " o

A comparlson %etween the rasults of the two hulla ap=
pliad to the design conditions assumed is given 1n tne !
-fcllowing table.A.'- . . S

-

:fi . .l wes +. _Model 22" Model 11 A

Beam _ 106.8 'if-q._' . 96.3 1n.
Angle of wiﬁg’setting - 6.3° 6.70 .

- Take off time = Ui' 56 8 sec.'i_ ﬁgiz_éec,
. Takeé-off pun . .. 2 696 FE.T B, 408 FuL T

The get-away speeds for the two hulls in the examplo
are naot- exactly .the -same, as may.-be seon from. figure 15(a).,
This, dlscropancy arises Erom .the fact: thet the trim-anglo
curve for the run just preceding Sake-off. is aasumed to be
an extrapolation .of tne,.curve up to. the ;ast;point actual-
ly calculated, The trim angles as. well a8 the wing set-
ting for model 22 were slightly lower than those for model

i
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11=4, hence the get-away speed is higher. In. an actual
take-eff the get-away for either hull, dould be mede at a
spend 1ower tnan that shown, bdbut still above the s‘be.llinb
speed,be means of .an abrupt pull—qff This phase of the
problem. and its effecﬁ on time and run is discussed in de-
tail in reference 4”‘ . . L .

B ‘Tne best trim angles for the example using the modeI
22 ‘hull, an@ the moments required -to hold those angles,
arc_rlo ted-against speed in figure 16. The trim angles
are obtained as a part of the fake-off calculations angd
Wthe, moments are. read from the curves of figure 13 In the”
mannor descrfbed in.the’ discussion of tEaE figure, The

i

ure 1, The thrust and aerodynamic moments should next be
added to the water moments, to ascertain whether the con-
trol is adequate. Unless .these-external moments :are.
strongly, negatlve, it.. appears that the center of gravity
of a flying boat using the lines of model 22 should be
farther forward than the center of moments shown in figure
1, since the water moments alone are decidedly positive
(stalling) throughout most of the speed range.

CONCLUDING REMARKS '

. i R : - ' - - -
LI . B A S A R LR ] -

'y
w
v

,The present tests snow the p0§51b111ty of improving
tlhe water performance of flylng—boat hulls bv departure
.from the conventional desigms, - Furiher wqork on hulls of -
the type. ef model 22 1is. under way.. The. next step. in the
development is a study of tne effect . of a fprequy having

a longer flat and a lower bow, in an attempt to reduce
- the hump .resistance for a given value-of. 0Op, so that a
spaller hull may be used. ... TR
Wind-tunnel tegts are'requlred to determine whether
the gir drag ¢f tne.pointed-step type is reasonadly low,
s B thls connect;on, & gensral study of the effect of bot-
tom shapes on ajir . drag, would be of; value.lj f
Experiments with designs of the same general type as
model 22, but with greater ratios of length to beam, may
lcad to the development of forms suitadle for use in twin-
hull flying-boat and flost-scecaplase designs. Varlous an-
glos of dead rise should also be tosted in order to detor-
mino how great the dead rise may be made oan this type of
hull without seriowvsly increasing the resistance,
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Pull-scale experiments with a small and inoxpensive
flying-boat would -be of great value in determining ths
landing eharacteristics. of the pointed-step hull, as well
as.its "tendency to porpoise. These gqualities cannot bse
investigated satisfactorily in the towlng tank, although
~-g@eneral .coasideratlons lead to.the expectation that the:
pointed-step type will be at least as.satisfactory in
these respects as hulls of conventional form. Some ten~
dency tdward. direc¢tional instability was nofed at low
spesds and heavy . Ioads. for the hull tested. This tendency
persisted’over a very small range of.spepds and wounld
probably not- -cause any difficulty; Rhowevor, -full-scaloe. ox-
perimonts are. also . necessary for .determining whether the
hull is entirely satisfactory in tnis reapect.:
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TABLE

Test Data for N.A.C.A. Model No. 33 Flying-Boat Hull

Water temperature, 8% r,

Kinemetio viscosity = 0.000011 ft.alseo.
Note: Positive moments tend to raise the bow

Water density, 83.6 1b./ou.ft.
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TABLE (Continued)
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Water temperature, 69° F.

.000011 f£t.9/gec.

TABLE (Continued)

cu.ft,

/

Kinematic viscosity = 0
Note: Positlive moments tend to raise the bow

Test Data for N.A.C.A. Hodel No. 32 Flying-Boet HFull

Water density, 683.6 1b.
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