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HULL - N.A.C.A. MODEL 16

By James M, Shoemaker

SUMMARY

A model of a 2-step flying-~boat hull, of the type gen-
erally used in England, was tested according to the com-
plete method described in N.A.C.A. Technical Note No. 464.
The lines of this model were taken from offsets given by
Mr, William Munro in Flight, May 29, 1931, The data cover
the range of loads, speeds, and trim angles that may be of
use in applying the hull form to the design of any sea-
planes The results are reduced to nondimensional form to
aid application to design problems and facilitate compari-
son with the performance of other hulls,

The water characteristics of lModel 16 are compared
with those of Model ll-4, which is representative of cur-
rent American practice. The results show that when the
two forms are zpplied to a given seaplane design under op-
timum conditions for each, the performance of Model 16
will be somewhat inferior to that of Model 11-A.

INTRODUCTION

The development of flying boats since the World War
has been rapid and widespread, Partly because of their
military application, exchange of technical information on
hull forms has been somewhat restricted, As a result, the
designers of the various nations have pursued policies of
independent development that have given rise to striking
differences in the lines of flying-boat hulls, Although it
is probable that the water performance of good examples of
the various types will show little difference, direct com-
parisons are not possible at present because of the scar-
city of published teost rosults. Comparison of such re-
sults as have been published is unsatisfactory, moreover,
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because the tests have usuvally besn made by the hydrovane
method, The difficulty of applying such test data to a
general study of hull forms, and the advantages of the
complete method of testing, are poxnted out in reference 119

As a result of these coansiderations, the N.A.C.A, has
undertaken to test hulls of the various typoes, so that fu-
ture development may be concontrated on the forms showing
greatest promise, Unfortunately, authentic lines of good
hulls are still difficult to obtain, and any attempt to
approxinate the form of a given hull from such information
as is published may result in a model which is not a fair
representative of the type. It is to be hoped that hull
Iines ani test ‘data will bs erchau ged’ more freely-in the
thare, £o' the benuflt of all concerred

Tho lines of Hodel 16 ‘were’ fa;rcd ”rom offsets giveon
in reference 2, -The hull is oellcvod t6 bo représontative
of current British practice.  The tests werc made in tho
N.A.C.A, tank'in Jocomoor 193? qd January 1933, :

APPARATUS AND PROCEDURE - pst Bl

‘Nethod of Test’

1

”The'equlonent of the N.A.C.A. tank is described in ‘dé-
tail ‘in reference 3, Thé purpose and technic of the com-:
rlete method ~1sed in - testing lModel 16 are given in refer-
ence 1. Briefly, this method consists of determining the
resistance, trimming moment, and draft of the model at all
combinations of the 1ndopendent variables - speed, load,
and trim angle that lie in the useful range for the model
under test, The results can be applied to any seaplane
design with assurance that the hull will operate under
conditions giving the best performancé . possiblo for the
parulcular form cho 160 . Wt ' J :

Descr ption of Model

-~ The lines of Model~16 were- obta1ned by refairing the
offsets presented by’ Mr, William Udnro in reference 2,
Offsets taken froin these refaired lines are givon in table
I,7and a drawing 8f the principal lines in flgure 1%::The
general form is that in common usc in England for large
flying-boat hulls, It dirfers from the form generally used
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in this country in that the forebody is relatively shorter,
putting the step more nearly under the center of buoyancy;
the longer afterbody terminatos in a transverse second step
rather than in the vertical sternpost or pointed step usual
in Aperican designs, The water lines at the bow are also
somewhat finer and the forefoot deeper than is usual in
American practice.

The model was made of wood, painted and rubbed to
give a smooth surface., Its principal dimensions are:

Length, overe—all, 10040 12
Maximum beamn, 35388 *
Beam at main step, Ebgdag W
Depth, ; 29e30 W
Length of forebody, .60 W
Length of afterbody, FIRNEE
Depth of main step, 3 25 St
Depth of second step, pgoy M

The model was made to a tolerance of *C,02 inch,
RESULTS

Experimental data.,~ The trimming moment and draft of
the model at rest are given in figures 2 and 3 for vari-
ous loads and trim angles, A positive moment is one that
tends to increase the trim angle, that is, raise the bow,
These curves may be used to determine the water line at
rest for any load and location of the center of graviiy.
The moment curves are also useful as a msasure oI the lon-
gitudinal stability of the hull at rest,

Table II presents the results of the towing-test
measurements on the model, These data can be appnlied to
any size of full-scale hull by tlhe coanversion factors
implied in Froude's law, as explained in reference 3. The
essential data are presented graphically in figures 4 to 8.
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. These figures are curves of model resistance and trimming
moment plotted against speed, with load on the water as a
parameter, Each curv§ sheet gives the characteristics for
. one trim angloe., The.genter about which the moments sre
taken is shown on the line drawing (fig, 1) Tho trim an-
gles are measurod beotwecen the horizontal and the base lino
of the model., '

Precision.~ The precision attained in these tests is
approximately as follows:

Load, £0.6 Lo
Resistance, & .3 3%,
Trimming monent, 140 1b,=ft,
Trim angle, F .3

Speed, * Wl fepese

Data_at best trim anglese.~ The difficulties caused by
the larze number of variables, when the data are used for
take-~off calculations, are pointed out in reference 1,

The method outlined in that report for eliminating the

trim angle as a variable has been followed here, It con-
sists of cross-fairing the resistance against trim angle

to determine the minimtam resistance and the best trim an-
gle, 1ece, the angle at which the resistance is minimum,
for each specd and load, The nondimensional coefficients
used in the presentation of tho characteristics at the best
trim anglo are defined as follows:

o A
Load coefficient, CA = ——
: w b
Resistance cosfficient, Op = —Sg
: w b
Speed coefficient, Oy . o
N g b
where A is the load on the water, 1b,

R, resistance of model, 1b,
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T, speed, f.P;S.

w, weight density of water, 1b./cu.ft.
'b,» beam,.ft.t

g, ~acééieratioﬁ 8 gravity,fft./seé.g

The curves of Oy at the best trim angle T,,
plotted against Oy with CL as a parameter, are given
in figure 9, The same data are presented in figure 10 as
curves of 0Cp against CA with Cy as a parameter, The
first method of plotting the data gives a clearer concept
of the behavior of the hull, but the sccond is somecwhat
onsior to use in the take-off calculation, The best trim
angle T,, 1is plotted against Oy with OC)p as a parame-
ter in figure 11, The dotted line in this figure is: the
meah value of T, to be used in the first approximation
of the take-off calculation, as was explained in refer-
ence le : :

Test results.~ The curves of resistance and moment at
constant load plotted against speed (figs. 4-8), show the
usual trends pointed out in reference lo° The rise in re-
sistance in the high-speed range is rather marked for ‘this
model, probably because the large area of the aiterbody
causes excessive frictional resistance when spray from
the main step strikes it, The moments at high speeds and
high trim angles, which might be expected to be seriously
nose-heavy because of the large second step, are in real-
ity of the same order as those for hulls of the American
types Yo difflculty in pulling the seaplane up to a rea-
sonablc angle for take-=off is indicated,

Application of data at best trim asngle.~ The applica-
tion of the data for the best trim angles (figs 9.1}
a take-off probdbtem is explained in detail in refecrence 1.
Model 15 may require special treatment at very low spocds
becausc of the rathor high valuo of the Dbest trim anglo at
spceds below the hump. The positive (tail-hecavy) momonts
which would havo to o applicd %o roach’ tho best anglo
would not normally be available,. Thls condition is.aggra-
vated by the fact that the bost anglo at the hump is.about

0. Tho momont here is positive (sce fig. )3 hemco a
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rather large nose~hecavy momont must be applied to attain
the best angle, The procecdurc suggosted is to locate the
center of gravity so that the best trim at the hump can do
maintained, and let the angle at low speeds deviate fron
the best value by the necessary amount, The resulting
take~off performance will be only slightly worse than that
which would obtain. if the best angles were held throughout,
because the resistance at low speeds does not change seri-
ously with changes in trim, and the large amount of excess
thrust in this region is reduced by a relatively small pro-
portion,

that data from complete tests offer a better basis of com-
parison between hulls of various forms than has been pre-
viously available, N.A.C.A. Model 11-A (reference 4) is a
good example of current practice in this country; conse-
guently, a comparison between it and liodel 16 will give an
indication of the relative advantages of the two types.

As yet, no method of obtaining a figure of merit for a given
hull has been found, because of the great number of varia-
bles involved in the application to a seaplane design,
Curves of A/R against load coefficient at typical values
of speed coefficient, however, glive a reasonadbly good con-
parison, Such curves are shown in figure 12 for lodels 156
and 11-A, The value of A/R for Model 11-A lies above
that for ilodel 16 at nearly every point, showing that a
hull of the form of 11-A when applied to a given seaplane
would give & shorter take~off than' one using the lines of
Model 16, Quantitative comparison of the performance of
the two hulls, however, can only be made by carrying
through a take-off calculation, because the best size of
hull, and consequently the values of Cy and CA . at a2
given speed and load, will be different in the two cases,
The curves show that the value of A/R for Model 16 is low
at high speeds and light loads, but that CA at the hump
can be made high without serious reduction in A/R. A hull
using these lines should therefore be relatively small to
give the best compromise. From these considerations the
value of CpA, Dbased on the load at the hump speed, should
probably be about 0.5 for the first trial,

Comparison with Model 11-A.~ It has been pointed out

General behavior.- The spray formation of Model 16 is
shown in the photographs (fig. 13) for several typical con-
ditions., At low speeds and low angles, with heavy loads,
the bow is rather "dirty," as is shown in the bow photo-
graph for T = 3% and V = 5,7 feDeSo. At planing speeds
the spray is light and stays reasonably low, because oﬁ‘the

8
5
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)

arched sections of the forebody, Further improvement could
no doubt be obtained by means of spray strips. The photo-
graphs for T = 5° and V = 49,2 f.p.s. show the blister
arising from the main step and striking the afterbody,
which causes the pronounced increase of resistance with
snoed in the high-spced range. ‘

Al though no rough-water tests were made to dotermine
the seaworthiness of this model, the photographs of figure
13 indicate that the seaworthiness will probably Dbe satis—
factory except at taxying speeds, where the heavy bow wave

«may result in a wet boat. This condition will De made

somowhat worse if the high beam locoding and forward loca-
tion of the center of gravity, which have beon mentioned
as nccossary to best take-off performance, are adopted,

The problem of predicting porpoising characteristics
from towing experiments has ot Dbeen satisfactorily solved.
Tests by the complete method, run at fixed=~trim angles as
they are in the N.A.C.A. tank, do not zive any indication
of the tendency to porpoise unless it is sufficiently vio-~
lent to cause the model %o oscillate sgainst the restraint
of the moment spring. Yo such tendency was observed for
Model 16, A theorctical discussion of thc subject of por-
poising is givon in roferonce 5. Tho authors point out

“that towing.tosts for the dotecction of porpoising may Do
dofinitely misleading unless the mass, the moment of inecrtia,

and the aerodynamic surfaces arc falthifully roproduced in
the model, The experimental difficultics of such procedure
are great, and obviously arc guite insu mountable whea the

modol is initonded for genoral application to any soaplanc
dosign, It is hoped that further work will load to satis-

factory critcrions defining the conditions undor which por-

poising may cxist so that the measurcments may be made on
tho model to give the designor the data neccossary. to avoid
sach conditions.

CONCLUSIONS

The following conclusions may De drawn from a compari-
son of tho rosults of lModel 16 with those of Modeol 11-4A,
given in rofcrence 4. However, 1t should be borne in mind
that, although the models are probably roprosentative of
the rospective types as gencrally applied, botter cxamplos
of ecither typo may exist.

A - OSSR e S o 2> |
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When the two forms are applied to a given .seaplane de-
sign under optimum conditions for sach:

_ le¢ The hull of the form of liodel 16 will have
higher resistance throughout the speed range,

2. lore difficulty will be found in holding
. the hull of tho form of Model 16 at the best trim an-
gle,

3¢ The spray thrown while‘taxying at low speeds
will be greater for Model 16,

Langley Memofial Aerohaﬁtical Laboratory,
National Advisory Committee for Aeronautics,
langleoy ¥leld, Vai, Xugust 105 1935,
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TABLE I

OFFSETS OF N.A.C.A. MODEL 16

(Inches)
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Table 2

TABLE II
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Table 2 (Cont'd)

£t.°
860C.

63.86 1b. per cu.ft.

4898y

TABLE II (Continued)

Water temperature:
Tank water density:

Test Data for N.A.C.A. Model No. 18 Flying-Boat Hull
Kinematic viscosity = 0.000015
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TABLE II (Continued)

Test Date for N.A.C.A. Model No. 16 Flying-Boat Hull
££.8

Kinematic viscosity = 0.000015
sec.

Water temperature: 48° F.
Tank water density: 63.6 1lb. per cu.ft.

| Trim angle, T = 9°
Load|Speed | Resistance| Trimming Draft Load| Speed |Reslstance TrimmingrDraft
1b.|f.p.s. 1b. moment at 1b.{f.p-8. 1b. moment at
1b.-ft,| step 1lb.-ft.| ste
in. in.
50 10.8 6.5 -35.9 -3.0 20 23.5 6.2 -10.6 l.1
12.4 8.2 -25.5 3.95 28.8 8.6 - 6.1 141
14.4 9.2 - 7.0 3.7 29.0 9.3 - 2.8 1ed
16:.1 10 - 3.6 2.5
17.4 10.3 0.1 2.3 10 28.3 2.2 -27.2 - .5
, 19.2 10.6 3.5 | 3.3
| 22.0 10.5 10.5 1.9 5 | 28.5 2.4 -13.4 (- .7
{ 24.8 11.1 14.0 1% o)
‘ 28.7 12.3 13.3 1.5 Trim angle, r =11
! 29.0 11.3 1302 1.5
— 70 160 14.2 -19.9 3.7
40 | 12.6 6.9 -22.0 2.4 16.3 14.9 -16.4 3.4
14.5 7.5 ~14.0 3.2 18.0 15.0 -20,7 3.3
16.3 8.0 -10.6 2.05 20.0 16.1 -35.1 2.15
18.0 7.8 - 8.6 2.0
19.4 gua =za 1.95 60 | 15.0 12.1 -37.7 2.3
22.0 8.5 8.3 1.9 16.4 13.5 -25.9 2.0
24.4 Q1 8.8 1.8 18.0 12.6 -28.5 1.95
28.8 11 .7 5.3 1.35 20.0 12.7 -31.3 1.8
a9.1 10.5 7.9 1.3
33.5 =3 3.4 1.25 50 | 14.9 9.4 -33.8 159
16.5 9.9 -33.8 Tl
30 | 22.0 7.0 - 2.7 1.8 18.0 9.5 -36.8 1.75
24.7 7.8 4.4 1.4 20.0 10,1 -38.23 136
29.0 9.8 1.6 1.3
33.8 12.5 =g 1.3 40 | 14.8 6.9 -40.8 15
16.4 7.0 -40.8 1,35
181 7.5 -49.6 1.8
20.0 7.8 -51.23 1l
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Trim angle 5°. Load 10 1b. Speed 49.2 f.p.Ss.

Figure 13.

~Typical photographs of Model No.l6 under way.



