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MISCELLANEOUS FLYING-BOAT-HULL MODELS

B,Y Fv W: So LOCkO, JI‘-
SUMMARY

This report presents summary charts of the collapsed results
of gsneral tank tests of about one hundred flying-boat-hull models.
These surmary charts are intended to be used as an engineering
tool to enable a flying boat designer to grasp more gquickly the
simificance of various hull form parameters as they influence his
particular airplane. 7The form in which the charts are prepared 1s
discussed in some detail in order to make them clearer to the
designer.

This is a data report, but no attempt has been made to produce
conclusions of the ugual sort or corrslations. However, some
generalizations are put forward on the various methods in which
the surmary charts may be used.

INTROTUCTION

The Iincreasing slze of modern flyling boats will no loager permit
the designer to make a mistake. When fiight tests of the first
prototype show up some undesirable hydrodynamic characteristic, too
much time and money are usually involved in ettempting to correct 1t.
The designer must, therefore, be glven the tools whereby he may
predict the performance of a proposed flying boat with reasonable
8CCUracy .

Tn order to improve both the alr and the water performance of
future flying boats, there 1s imperative need of systematic design
studies to determine the influence of the hull. Tt is hardly fair
to expect the designer to wade through great masses of data in order
tc maks these studies. He needs soms simple, clear, and relatlvely
sccurate means of getting an over-all plcture of the effect of
various hull variables. :
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The usual fcrms of plotting the results of general tank tests are
so complex that from 1Z to 20 sheets of paper are often required to pre-
sent tre date for one hull model. Under these circumstances a long, lab—
oricus study is required to find out which is the better of the two hulle
for & given purpose. The prcblem of finding the best of a group of hulls
is practically unmenageable, both because of the work and becuuse the
method of presentation glves the designer no mental pilcture of the be--
havior of the models. :

During the last 13 years or so general tank tests have been run on
a very large rumber of hull models. This report presents the results of
all the published NACA general tank tests, and some from the SIT and RAR
tanks, in such form that they will be of immediate usefulnees for design
purroses, All the data for any one mcdel are presented on a singles sum—
mary chart which mey te used to make either specific or general ccmpari--
sons.

- NOTATION

The teat resulte are presented in terme of the etandard NACA een—
plane coefficients. Throughcut this repcrt the following notation and
definitions are used:

Load coefficient Ca = £/wb3
Speed coefficlent Cy = VAT &b
Resstance coefficient Cr = R/wb3
Trimming-moment coefficient Cy = Mfwb*
Longitudinal-spray coerfficient Cy = X/b

" Lateral spray coefficient : Cy = Y/b
Vertical—epray coefficilent o Gy = z/b
Forebody 1ength/beam ratic | Le/D
Afterbcdy length/besm ratio La/b
Step height/sternpost angle ratio h/c

Pitching "gyredius" constant k/L
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where

TA

w

b R

o X

[WS)

pw .
Aerodynamic pitch damping constaut Mg /V . b4

load on water, pounds

specific weight of water, pounds per cubic foot (62.3 for
RAE and SIT, 62.5 for NiCA and 64 0 for sea water)

beam at main sten, feet

sreed, feel per second

acceleration of gravity (32.2 ft/sec®)

resistance, pounds

trimming moment, pounds

1ongitudina1 rosition of mein-spray point of tangency, meas-
ured fore (positive) or aft (negative) of the step cen~
troid, feet

lateral position of malin-spray point of tangency, measured
from the hull centerline, feet

vertical position of main-spray polnt of tangency, measured
Irom the tongent to the forebody keel at the main step,
feet

forebody length., measured from the intersection of chine and
keel to the step centroid elong & line parallel to the tan—
gent to the forebody keel at the main step, feet

afterbody length, measured from the step centroid to the
second step centroid or sternpost, whichever 1s shorter,
feet

ferebody plus afterbody lergths, feet

step height at the step centroild, percent of beam at step

gternpost angle, the angls between the tangent to the fore~—
body keel at the main step and a line Jjoining the tip of

ths step and ths sternpost or second step, whichever is
lover, degiee
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Be forebody dead rise at keel and main step, degree

a afterbody engle, the angle betwecen the forebody and afterbody
keols, degrse

Ba meximum afterbody dead rise regardless of where it occurs,
degree

Mq aerodgnamic tail damping derivatlve (See reference 1 for com—
plete definition.) -

k pitching radius of gyration, feet

Moment data aré referred to the ccnter »f gravity and water trim-—
ming momsnts which tend to raise the bow are considered pesitive,

mrim (7) is the angle belweon the tangent to the forebody keel
at the mein step and tie fres water surface In all cases.

Eeel (®) is the angle betwesn the centerline plane of the hull
and a plane perperdicular +o the shtill water swface,

The ccordinatess of ithe cenver of gravity are measured atove the
tangent to the fersbody keel at the main stsp and forwerd of a plane
perpendicular to the keel send passing through the step centroid. The
step centroid is the ceuter of gravity of the area on the forebody -~
beunded by the tip of the step and a line Joining the intersectlons of
the step faces with the chlnes.

The following ccmbinations of the coefficlents defined above are
used:

Planing Range
Lift coefficient ,Jé;]Cv - (reference 1)
Resistance ccefficlsnt «f6§7CV (reference 2)
Displacement Range
Speed coefficient ~ Cy2/cp 1/ (raference 2)
Resistance ccefficlent CRr/Cv23Cp 2/3 {reference 2)

Tongitudinal-epray coefficlent Cx/Cp 173 (reference 3)

-

"1}
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Tateral-spray coefficient Cy/Cp?7/3 (reference 3)

Vertical—-spray coefficilent Cy/Ch (reference 3)
The courtesy of the National Advisory Committee for Aeronautics in
furnishiang detailed test data on certain models which had not previously
been publishel is deeply appreciated. It should be noted that the re-
pistance and porpoising data on SIT models 29L—79 and 406 were determined
under the auspices of the Glenn L. Murtin Company. The date on SIT
models 618 and 621 were determined for the Crumman Aircraft Englneering
Corporation in ccnnection with a flying boat being developed for the
U. S. Navy. ) '

DEVELOPMENT OF CHART

Figures 1 to 103, summary charts used to present the data shownn in
this report, are the result of a coordinated development program. It ls
of importance to the user of these charts to understand how they are
laid out so that he can get the maximum benefit from them.

(a) Title box.— At the top of the summory chert 1s information de-

fining certaln characteristics of the model and the test, which must be
known before intelligent comparisons can be mads between charts. With
the exception of the designation they are believed to be self--explans—
tory. Very careful consideraticn was glven to the definition of this de-
signation. By itself, the designation will give & crude measure of what
are, perhaps, the most important hydrodynamic characteristics of the
hulls of modern flying boats. Thus, if a chart has the designution:

4.00 —~ 1.00 - 25.0
1t would mean Le/b - nfoc — B¢
which, in turn, are a measure of Spray Skipping Impact

A further advantage of tnis system of designating the hull is that each
of the particular hydrodynemic charocterlsticse luproves as the rumber
gets larger. Like most things 1a nature, however, changing the hull
shape to improve one hydrodynsmic characteristic ray haym another. The
deslgnsticn system 1s therefore not foolproof and shculd be used with

caution.

'"Background for the aseumption that the forebcdy length/beam ratio
controls the maln epray of the hull may be found in references 4 and 5.
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Both of these references show gquite good ccrrelation of the main-spray
characteristics of existing flying boats in terms of forebody/length

beam ratic. While it is undoubtedly quite true that other hull form var—
iables have a powerful influence on the main epray characteristics, the
forebody length/beam ratio appears to be the primary parameter. Reference
6 indicates that one of the most importsnt hull form varisbles governing
the skipping characteristice is ths ' atep height/sternpost angle ratio.
Recent and as yet unpublished NACA tests indicate that the afterbody
length has considerable influence on skipping, but other factors seem to
have only secondary effects. It is generslly accepted that forebody

dead rise is the hull--shape parameter controlling the violence of the
landing impact. Hence, it is belleved that the parameters chosen are
eminently suitablie for a crude and guick evaluation of the potentiali-
ties of a particular hull.

No matter how clever a designation system is devised, it cannot hope
to describe ccmpletely a shape as complex as a flying boat hull, For
this reason, to the right and Just underneath the title box, 1s a simple
body plan of the hull. This should materially aid the user of the sum—
nmary chart in getting a quick picture of the chope under consideration.

A few other lmpcrtant dimensions and particulars of the hull mcdels
may te found in the tables on prges 12 to 1k. These tables may also be
used as an index of the sunmary cherts included in this report. If any
particular hull should prove to be of direct interest, it is strongly rec—
crmended. that reference be made to the original reports. The tables
also glve the source of the dsta.

(b) Mein spray data,-- The form in which the spray data is chown

near the top of the chart was develcped in reference 3. This method of
plotting har the very powerful advantage of allowing direct comparisons
between hulls, regardless of the lcads at which the tests were made. A
rather strong disadvantage is that the curves are rot viesibly related to
the hull itself. One way to overcoms this difficulty is to compare the
height and lateral positions of the points of tangency of different
models at the sare longitudinal positicn. IFf it is expected to load the
different hulls in different manrners, care must be exercised. A compari-
scn of this scrt is only possible at all because of the fact that there
ig relatively little difference in the

Cx/Ca /3 curves for the various bulls tried so far.

Plots shown in reference 3 may be used to maxe an estimate of the
accuracy of this form of pletting tkrough the scatfering of test points.

(c) Displacement range resistance.— In the middle of the summary
chart are shown the free-to—trim resistance and trim as determined in

Ll
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the displacement range. Thie form of plotting was developed in refer—.
ence 2 and was chosen in preference to that shown in flgure 23 of refer—
ence 3 because 1t yields difinite cines to two other very important
‘hydrodynamic characteristics.

Tre bow spray in rough water (windshield wetting) 1s an exceedingly
imnortent characteristic of military flying boets and a simple means for
eveluating 1t is very desirable. It appears that a reasonably reliable
criterion for evaluating bow 3pray is the peak of the curve of

Cr/Cy2CA2 /% The peak occurs at values of Cv2/Cal /3 near 1.5, which

is In the vicinity of the speed at which bow spray is at 1ts worst.
This peak should, under no circumstances, be confused with the true hump
which occurs much later. The peak in the Cr/Cy2Cp2 /3 curve is caused

primarily by water piling up ahead of the bow, It therefore makes an ex-
cellent criterion for measuring the effectivensss with which the bow cuts
the water. The lower the peak the greater the ease with which the bow
cuts the water. Hence, by inference, it may be used as a measure of the
bow spray in rough water, which appears to be directly related to the
eage with which the bow cuts through wavea. (See reference 7.)

With the lower power loadings coming into general use, it appears
that the free—to-trim trim ls nore important than the resistance. It
1s hardly worth while doing much work io reduce the take-off time 10
percent if the tiwme 1s zlready about 20 seconds; whereas it is important
if the time 1s near €0 seconds. On the other hand, if the trim is too
high or too low the spray Is likely to be guite bad and, even though
its duration 1s short, it may do structural damage. The scale adopted
for trim is twice as largs as that uered 1in figure 23 of reference 3.
True, tne resistance scale 1s mich @maller In the vicinity of the hump
(Cy®/CAY/3 between azbout 8 and 12), but it 1s believed to be largeenough

Por most practical purposes.

In references 2 and 8 will be found data, plotted in this manner,
which may be used to get an estimate of the accuracy to be expected
through the amount of scatter. '

(d) Planing renge.— In vhe plauning range the results are presented
in the same mannsr as was dsveloped in references 1 and 2. Contours of
the planing resistance coefficient ,]C§/CV have been omitted where

they would be more than 2° or 3° outside of the limits of longitudinal
stability. Since there would not be much hope cf belng able to operate
a flying boat in this regicn of imstability, regardlesgs of how good the
resistance might be, cmitting the data should avoid scme confusion. An
exception 1g the region near get-away in which the hull 1s riding with
the forebody clear. Under this circumstance, the contours were prepared
whenever data was available.
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In scme cases contours of ccnstant CM are 1Included — at least .

where it wm8 not too time-consuming to dig them out of the original data.
Actuelly, plotting Cy in this way is coupletely irraticnal. Constant

Cq Wwasd used for two reasons: it works quite well (see date plots in
references 1, 8, and 9), end 1t is simpler than the ratinmal form

4 [ai
W Cf T

The menner in which the varisus conhcurs in ths planing range were
derived deeerves orreful atbtent’on at the Jow-speed end. At the Ligher
values cf the planipg-lift ccefficlent, A/C&/Cv, the collapeing process
brecks down. The reslatance at constant trim ard trim at constant moment
for epecific values of Cp, peel off the main curves. Exnmples of thils

reeling-off procese may be found in refercenes 2 and 8. Wren the dssigner
is Treparing resistance cr trim curves froem the displeceiment and planing
range, care should be teken to see that the curves from the two regimes
overlap. The lower valuss from eithsr regime should then be used. This
matter is discusssd in grester detzeil in referencs 8. The peak of the
lower 1limit scmetimes, but not elwsye, performe a similar peeling off.

The breakdcwn of the ccllapsing process at the lower end of the planing
range 1s regerded primerily &s an inzcavenisnce. It can be overccme by
practice in uesing ths charts and gocd judegasnt.

ol

L

The accuracy of the various contours in the planing rangs may de
judged by plotas of data shown in references 1, 2, 8, and 9. The reason
that no test porints have tesen shown on any of the charts In thils repert
is merely to avoid the confusion to the eye of o great mess of black
spots.

One last point thet deserves mentlon is that speed increases to-—
ward the right everywhere on the sumnery charts.

(e) Using the c¢hart.- The crucinl Job iIn designing a flying boct
is tco ensure that the hull and alr structure fit together ze a single
working unit to give both gcod air and water performence. Just ue
airplanes dssigned for different purpcsce regqulre differsnt wing and
power loadings, &5 do hualls have to be custem—tailored for the particular v
Jobs they are expected to perform.

The dzsigrner is badly hempsred, when hull data 1e reported in the %
convsentional marner, by the multiplicity of charte he has to wade through
to select a hull sultable for the Job he hae in mind. The summary charts
presented with this report should eid considerably in getting to the
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root of the problem of selecting a suitable hull. Basically, there are
at least three methods for using these chertes. Depending on the time ard
staff available, best results will often be obtalned by using e combina-
tion of all three methcds.

The first and eimplest method of using the surmary charts is to
gelect these which contaln hull form parameters of interest and spread
them cut over a large table. By merely standing dbeck and looking at the
group of charts the desigrer can readily pick out, without further ado,
those hulls having characteristics completely unsnitable for the Jjob ke
has in mind. i3 method is not very effective for finding the best
hull for a particular job, but what is very important is that it will
quickly get rid of the deadwoccd. It will be noted that this type of
analysis will be greatly facilitated by kesping the summary charte In
a lcese-leaf binder when they azre nct ia use.

Becauss of the Jot that the hull is exgected to perform, csrtain of
the hydrodyneomic clraracteristics will have predcminating influence. The
criterla measuring these characteristics may be plotted against the con—
trolling hull-shape parameters. This procase will undoubtedly show the
bow of one hull is best, the af'tertcdy of ancther hull, and so on. This
should allcw the decgignar to fit the various perts together to prcduce
& hull having the perfcrwusnce he wente, and at the same time he will
have guite a good idea of ite characteristics. Al thls etage the
designer should undertake tank tests to get the specific characteristics
of his hull, if the importance of the project warrcants the time and mcney.

The third methcd of uging ewmnary charts is actually to fit hulls
wilth satlisfactory hydrodynamic characteristics to an airplane and deter—
mine the serodynamic perforrmance. A guick method of delermining the
hydrodynemic characteristics for specific airplarnes from the summery
charts will be found in reference 8. If the alrplane is being designed
for maximum range, for instance, at the expense of other characteristics,
range mey be plotted against various hull pocrameters. This type of
deslign study yields its clearest results when confined to a series of
kulls having some systemetic change. Several such serics will be found
In this report. Unfortunately, they are small families; however, in
the near future several more complete studies should be available.

(v) General.— The designer will undoubtedly be highly lrritated
when he finde a hull with scme one interesting characteristic, but the
data on the othere hyrodynamic characteristics missing. TUafortunstely,
this 1g likely to happen quite frequsntly since, out of =1l the charts
included, only zbout hal” a dczen are complete. This disadvantage should
not weigh too heavily, however, because it is a relatively simple matter
tc get the additional data neceesary. Should such a hull or hulls turn
up, the designer should meke his needs known.
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In this ccrnnection, 1t is worth noting that the testing establishments o
would mike a good deal faster progrees if they deliterately left gaps in
verious types of data uscd in preraring a sumrary chart. For inestznce,
as far asg lerge military flying trmats are concerned, present desiga
trende seem to Indicate that stablility and spray are the controlling
criteria, Work on these two characlteristice, al the expense of ouners,
would. appear well worth while. when lnteresting hulls have been found
it 18 vory simple to go back and get the missiag data.

As pointed out previcusly, the manuer in which the displacement -
renge resistance and trim is plotted was selected because it gave clues
to the bow spray and malin spray even though they were not actually tested.
Similarly, the resistance contcurs in the planing range mey be used as a
clue to the upper limit porpolsing end sixipping charactsristics. Ordi-
nar’ly, the upper limit of porpoising ray.te expected to be about 1° below
the line which shcws where the forebodr comes clear., Further, 1t will be
reasonsbly parallel to it. This will locate the primery upser limit, but
not the secondary uvner limit.

At very low values of the planing 1ift cosfficlent and moderately
high trims, the resistunce cumbours frequently bead to the right. This
bending 1e associated with af'terbtody wetting, and hence presumnbly may
be taken 28 at leas® an indication of the skipving characteristics. On
a few hulls tke beuding occurs quite cuddenly, and it Iis expected that
then ekipoving will be found only at trimes above the lowsst sharp btend.

The temptation to selsct sume hull from this or other similar
collections of summary chartes as the final design should be strenucusly
resisted., Because a certain hull was satisfactory on some given design
does not necessarily mean that it will be egually good for a new and
different design, These charts should be regarded as &an engineering
tool for determining trends to arrive at a better hull. If kept in
this light, nc matter how closa2ly they are pushed, n~ Ilnsuperable
difficulties should arise from the use of the summory chearts.

CONCLUDING REMARKS

The group of summary charte presented in this report should te a
valuable tool to aselst the designer in selecting a hull for a particular
purpcse. By using the charts and getiing familiar wiih them, the dssigner
will be able more qulckly to arrlve at the point of most interest to him -
a high-performance circraft.

Aviaticn Design Research Branch,
Bureau of Asronavtiics, Navy Depertiment,
Wathingten, D. C., Jenuary 19Lé.
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Fig. 2 DESIGNATION: 2.82-043-225 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.82-032-225 - Fig. 3
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Fig. 4 DESIGNATION: 2.82-043-225 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.82-0.36-22.5 " Fig. 7
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Fig. 8 DESIGNATION: 282-030-22.5 NACA TN No. 1182
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| NACA TN No. 1182 DESIGNATION: 2.82-0.1-22.5 Fig. 9
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Fig. 10 DESIGNATION: 2.82-0.26-225 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.82-069-22.5 Fig. Il
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Fig. 12 DESIGNATION: 2.87- 061 -225 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.74-0.27-22.5 Fig. 13
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Fig. 14 DESIGNATION: 266-075-75 NACA TN No. 1182
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Fig. 16 - DESIGNATION: 2.82-043-225 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.82-075-187 Fig. 17
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Fig. I8 DESIGNATION: 2.82-075 -225 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.00-0.44-22.5 Fig. 19
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NACA TN No. 1182 DESIGNATION: 2.52-039-20.3 Fig. 21
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Fig. 22 DESIGNATION: 320-049-25.1 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.44-056-23.0 Fig. 23
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Fig. 24 DESIGNATION: 284-051-225 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.12 - 2.88- 100 Fig. 25
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Fig. 26 DESIGNATION: 2.28 -2.88 —10.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.75-045-220 Fig. 27
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Fig. 28 DESIGNATION: @-00— 0.0 NACA TN No. 1182

MooeL No. 27 C.G= b FWD. OF CENTROID Ce, = (NOMINAL) TesTeo AT NACA No. | Tank
MooeL Beam: 16.00" e b ABOVE KEEL k/L= DaTe: ‘34

28— — o -+ - : - 3

2.4 e et S —— - 24

S
(%)

20 -t —t— -
(]

L

s
- '-2 J—
&

L 0.8 SN S S SN N S (SN R I ]

!
:
— 1.6 —— o — CENTRO!D
b
|

STATION SPACING GIVEN AS

(04 B Cy?/Cys - ] 3 DISTANGE FROM
CENTROID, IN UNITS OF BEAM

0,09 1 - - foob s ——

H0.08+— 1 —_t -— - - - s - — | 6 —

L e e - —+- : o 14—

0061 - - — - —-

1
l

—0.05¢1

| L -
@ o )
l ] I

|

-TRIM ANGLE, DEG.

—-004+-¢— —~ g

|
o
|

003}t b e

—0.02 [P S - EENE DRSNS - R . S S— —

001+ | - T

]
AC 17Q~|I! o T }_Zﬁ
Y |
0 2 3 4 3 6 7 8 9 o1 12 3__14 5 18 1y 18 13

o o.u/
N 4/ ,

/
N 4
. \ \
" % RESISTANCE, MOMENT AND STABILITY CHARACTERISTIGS

PLANING RANGE
. P ]

2 MQ/VEb4 =
035 030 0.25

TRIM ANGLE, DEG. |




L]

NACA TN No. 1182 DESIGNATION: ®-@-10.0 Fig. 29
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Fig. 30 DESIGNATION: @ =@ =20.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: o-® -30.0 . Fig. 3l
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Fig. 32 | DESIGNATION: 293-377-150 NACA TN No. 1182 -
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NACA TN No. 1182
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Fig. 34 DESIGNATION: 293-377-250 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 357-0.55-20.0 Fig. 35
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Fig. 36 DESIGNATION: 3.12-0,44-200 NACA TN No. 1182
MopeL No. 40AC C.G= O30b FWD. OF STEP Cao = (NOMINAL) TesTep AT NACA No.{ Tanx
MopeL Beam. 13.47" "7 116 b ABOVE KEEL k/L= DaTe : 5-25-34
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NACA TN No. 1182 DESIGNATION: 3.12-044-200 Fig. 37
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- 2.8 - SR -+
24 S | B N N - ——
S i
Feo4+——— —— — — e =
& 24
— 1.6 - T step ]
z J
o) A LB
2, |
0.8 <. -
(S' ¥
STATION SPACING GIVEN AS
Bati T /G 3 DISTANGE FROM
| 2 3 4 5 & 7 8 9 10 112 13 14 STEP, IN UNITS OF BEAM
’0.09 - 17 . - — - b A___A_‘J [ J _—t _
i A e Rl
FREE-TO-TRIM RESISTANGE AND TRIM
| 008~ T T ) DISPLACEMENT RANGE |~ —16—
0,07 \ — 14—
\\\ TRIM Ca _
- 0,06 o — - - — I 412 —
' \ o T i 8
3 \ AT 8
BAAENNN N 7= S g
3 A /:/""'—-
g N\ | =T :
0.04| g \ D755t iR S B - -t 58
\Xv z
0.03 . DR R R —| &
0.02 7] T S s RiS_IZTANCE o |Ca — a4
/7 \kg&;
O,g
-001 -~ — R e e -198— R S5
/| Cy2 /Gy l
0 | 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 i1 18 19
|6 —
_|4 - — — — N R
12- L —_ ]
& / / '
-0 — . e L
10 = / ///
3
.8 <zt — __L . /
=
o
6 + N
N

Lo —— L GETAWAY




Fig. 38 DESIGNATION: 3.12-041-200 NACA TN No. 1182

MopoeL No. 40-AE _ 0.30 b FWD. OF STEP Cao = (NOMINAL) Testeo AT NACA No.l Tank
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NACA TN No. 1182 DESIGNATION: 312-044-200 Fig. 39

ETAWAY
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Fig. 40 DESIGNATION: 312-041-200 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.56-0.86-26.0 Fig. 41
MooeL No. 41-A C.G= 044D FWD. OF CENTROID Cas™ 140 (NOMINAL) TesTep AT NACA No.| Tank
MooeL Beam: 12.00" 204b ABOVE KEEL k/L= Date: 8/35
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Fig. 42 DESIGNATION: 358-098-260 NACA TN No. 1182
Mooer No. 41-D C.G= ©-58b FWD. OF CENTROID Cs. = 140 (NOMINAL) Testep AT NACA No.l Tank
MooeL Beam: 12.00" 7 2.04b ABOVE KEEL k/L= Date: 4/36
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NACA TN No. 1182 DESIGNATION: 276-0.51 -22.5 Fig. 43

MooeL No. 44 . 048b FWD. OF STEP Cso= 044  (NOMINAL) TesTeo AT NACA No.l Tank
MooeL Beam. 1700" " 097b ABOVE KEEL k/L= Date: 6/35
= 28 —— 4 - b -1} - - - EE 3_
q
24 S : . S .
™~
(&
- 20 — L - S S S —_ 4 ]
g 2
B "9
16 - - ster <,
'z S
— 1.2 -+ ;5 .
3 R
<
- 0.8 ¥
3 ' T
STATION SPACING GIVEN AS

- 04 - C /G , 37 DISTANCE FROM
' STEP, IN UNITS OF BEAM

N

3 4 5 6

-
@
©
S
Y]
Hoi
>

o | GURTISS NC-4 ] N
- .
- 008> - S . | FREE-TO-TRIM RESISTANCE AND TRIM__|_|¢
\ DISPLACEMENT RANGE
0.07+ — - —f — [ S - 14
,\ TRIM

0.06

\ : ,,,,;,,EL____ —— Cof _poo L] +-12

n / | T~ 055 8
~ \ r | — S A DR — (<}
_0.05»:'3.77 \J'; /// i E— . 044 B —uj-10-]
% \L /_/ —— ———a33 2
oS | IS
/ /' \ 4
003+ L1~ _}v \—§§ E— S S L _ ’Tﬂs
= SN
- 0.02 // - to- o e - - -4
/ RESISTANCE | —r==oas

]
N
NN
i
T
|
»
|
PI
$

H—16 ,,
‘|4 — S — —
—12 o
&
W
—10- O_ _
Yy o
(O]
8 - g IS —— /.L%
C;E 0.03
PO S |
( §
4~ RESISTANCE, MOMENT AND STABILITY CHARAGTERISTICS ' N RN 5
i \ (D
: PLANING RANGE NN
%2"'”7" e S M /V_pb4 = I - [ R A F
d fz '\/C—A/Cv

0.35 030 0.25 0.20 0.15 010 0.05 Q




Fig. 44 DESIGNATION: 260-098--20 NACA TN No. 1182
MooeL No. 46 CG= O bFWD OF STEP Ceo= O.75 (NOMINAL) Testeo a1 NACA No.l Tank
MooeL Beam. 14.24" " 080 b ABOVE KEEL k/L= Date: 2/35
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NACA TN No. 1182 DESIGNATION: 2.38-Q38 -26.0 Fig. 45

MooeL No. 47 C.G= OI3b FWD. OF STEP Cs,= 035  (NOMINAL) TesTep AT NACA No.| Tank
MooeL Beam: 16.26" " 131b ABOVE KEEL k/L= DaTe - 10/35

- 28 .- —_— - —_— .

—2.4

Cz/Ca
|
\
|
T
|
|
[
i
|

- 20 . . . N U WU

- 08

STATION SPACING GIVEN AS

- - —_— e 4 1 - —d cms 4 R
04 2/ G 3 DISTANCE FROM
STEP, IN UNITS OF BEAM

Gy /cAus

5

~
w
»
o
~
©
0
(o]
]
o
5

] 4] e . ! [—_ !
FREE-TO-TRIM RESISTANCE AND TRIM

DISPLACEMENT RANGE

o
i

99" SHORT CALGCUTTA |

008! - s - 4 -

) , - | TRM N LY N A
1 F—N ]
o - 42 0.

I B

!
@
|

0.074

/
\ |
|
|
|
|
*
|

0.06

o000
Nl oo(n

o
I

-0.05

|
|
]
|
|
|

i

0041 —

0.03] e
-002(7"

e )

001 ==

TRIM ANGLE, DEG.;

‘ I

| H

.

|

| |
T L

O
N
>
>
S
&

|
H o]
r ;

]
~

|
(o]

®
TRIM ANGLE, DEG.

" RESISTANCE, MOMENT AND STABILITY CHARACTERISTICS |

PLANING RANGE

2 Mq/VEp4 = - o
9 Iz '\/C—A/Gv M .

0.35 030 0.25 0.20 0.15 0.10 0.05

>
GETAwWAY

O




Fig. 46 DESIGNATION: 276-047-225 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.37-085 —- 20.0 | Fig. 47

|
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Fig. 48 DESIGNATION: 3.38-085-250 NACA TN No. 1182

MopeL No. 57-B G= 036 b FWD. OF STEP Cs, = (NOMINAL) Testep AT NACA No.| Tank
MopeL Beam. 12.45" ™ 1.93 b ABOVE KEEL k/L= Date: 5/38
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NACA TN No. 1182 DESIGNATION: 417-085-250 Fig. 49
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Fig. 50 DESIGNATION: 3.37 - 0.85 - 30.0 NACA TN No. 1182
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NACA TN No. 1182

DESIGNATION: 373-409-260

Fig. 51
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Fig. 52

DESIGNATION: 2.82‘0.376‘22.57NACA TN No. 1182
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NACA TN No. 1182

MopeL No. 66
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Fig. 54 DESIGNATION: 373-409-260 NACA TN No. 1182
MopeL No. 73 CG= 045b FWD. OF STEP Cao = (NOMINAL) TesTep AT NACA No.l Tank
MopeL Beam: 200" " 203b ABOVE KEEL k/L= DaTe: 10/36
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NACA TN No. 1182 DESIGNATION: 3.15 —0.26-R - Fig. 55
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Fig. 56 DESIGNATION: 287-244-200 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 309-063-250 Fig. 57
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Fig. 58 DESIGNATION: 3.24-0.34-20.0NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.24 - 034 -20.0 Fig. 59
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Fig. 60
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NACA TN No. 1182 -  DESIGNATION: 3.24-047-20.0 - Fig. 6l
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Fig- 62 DESIGNATION: 2.82 - 0.88 — |7.5 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.82-0.58 - 17.5 Fig. 63
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{Fig. 64

DESIGNATION: 2.82 - 0.47 - I7.5 NACA TN No. 1182
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NACA TN No. 1182

MooeL No. 126 B-I

. CG
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Fig. 66

DESIGNATION: 2.82-0.58-22.5 NACA TN No. 1182

MooeL No. 126B-2 .G 03! b FWo.oF cenTROID Car® (NOMINAL) Testeo AT NACA No.| Tank
MooeL Beam: 14.00" " LI7 b ABOVE KEEL k/L= Date: 2/4
28+ —1— S el Tt 3-
.._24 N S L — . — 4 L — —
JS
20 N — + t—
© g 2
Q 5
L 15 = —+ CENTROID ™~
L, z S
H128 — 1= - — ) —
it |
o8- - +—— - — L —
| | STATION SPAGING GIVEN AS
L 04— Cyr/Cys R DISTANCE FROM
i 2 3 s 5 6 7 8 N o N 2 B 4 CENTROID, IN UNITS OF BEAM
- €1 — | 1
FREE-TO-TRIM RES!STANCE AND TRIM
C,
a4 ] 1 T
B ; ~ — T, - DISPLACEMENT RANGE
TRIM P
. \_/7_z’._:’—, T —os I R R
N — =+
3 4 B
k\ &
SRl bl |
6 -08 §§ ISTANCE
S
L 0.02 o | i o6 <,4\§§__,, R R S
001} 1 T o Cyt /G!7 I ]
i {
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

®
: |
TRIM ANGLE, DE

1

o

—2

0.30

"4~ ReSISTANCE, MOMENT AND STABILITY CHARACTERISTICS | -
PLANING RANGE

7 Ma/ng4 =
0.35

FOREBOOY CLEAR

0.15

_0J0

0.05

/‘r
O e GE TAWAY




NACA TN No. 1182 DESIGNATION: 2.82 - 047 - 22.5 Fig. 67
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Fig. 68 ~ DESIGNATION: 2.82 - 0.88 - 27.5 NACA TN No. 1182
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NACA TN No. 1182

DESIGNATION: 2.82 - 0.58 - 27.5

Fig. 69
Testeo AT NACA No. | Tank
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Fig. 70 DESIGNAT|0N= 2.82 — Q.47 = 27.5 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.14-0.74 - 200 Fig. 71
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Fig. 72
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NACA TN No. 1182
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Fig. 74 DESIGNATION: 5.80-066-20.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 5.80 — 066~ 245 Fig. 75
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Fig. 76 DESIGNATION: 580- 122 - 24 5NACA TN No. 1182

L]

MopeL No. 185-A _ 0.46 b FWD. OF CENTROID Ca, = (NOMINAL) TesTeD AT NACA Nol Tanx
_ MopeL Beam: 11.81" " 140D ABOVE KEEL k/L= DaTE * /44
- 2.8 - R . 4 £ T - BN
2.4 1 -- I e -
L)
©
20 W A = ——
(8]
16 - - - 1
L
S
1.2 1 1 — 4 | -
>
o
08 -} R - — -
STATION SPACING GIVEN AS
Bat e Cva/é;;/; 3 DISTANCE FROM
| 1 4 4 5 & 7 8 s 1o n 2 3 1a | CENTROID,IN UNITS OF BEAM
009}~ - - e e ~ S e
' v TRIM
0081 —FRrep-To-TRIM RESISTANCE ANDTRIM | - [ A ' Coe
DISPLACEMENT RANGE c,
0.074 - , - s e S O t— 14—
- L— = [ —— ______?:‘*- — 35
| 0.061—— SR I S T S A ’,k{’ e — i T 2 -
o g ol D T O B s RS N B B
'S J L — [J U R S
-005:35 - - - R TS T T ST
. A7 0 AT A AT e 2
g CA /// e //1/ // / /’/ 5 7
004 et - [ &Y L s A AT -+ —58
~l 7/ I S e e 2
_% />>"///—/ /’/ // )l—
- 0,03 e T TSR L e = - o et e I
/ %E:;T—?—E%%f (== Gl 35 3 25 2d 15 10 |
Y e ey ] / RESISTANGE |
4 — - o o\ R U
qo.og‘g/// 7 . R — | =
b e B —— ———— i
s 40| 35 30| 25 20 \\§ |
00! T ST e B S B f*z
| |
5 I 2 3 4 5 & 7 8 9 10 ) 12 13 14 15 6 17 I8 9
MMC, ° —]
)
L 12- SR —
e
[
,|0,0_ ]
ud
=
(L]
| g2
=
[+ 4
o -
b
Z
4 RESISTANGE, MOMENT AND STABILITY CHARACTERISTICS 5
PLANING RANGE &
2 Mo /VEb® = — - - - —_——- - e
Q/ 2 W/C_A/Cv

035 0.30 0.25 0.20 0.15 0.10 0.05




NACA TN No. 1182
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Fig. 78 DESIGNATICN: 3.78-106-250 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 378 -106 - 250 Fig. 79
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Fig. 80
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NACA TN No. 1182 DESIGNATION: 2.94-048-200 Fig. 8l
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Fig 82 DESIGNATION: 3.57 -0.58 -200 NACA TN No. 1182
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NACA TN No. 1182

DESIGNATION: 4.20-0.69 -200

Fig.

83

MooeL No. L[b-100 . 0.32b FWD. OF STEP Ce. = (NOMINAL) TesTeD AT RAE Tank
28 — T
L J
24 S -
N
(&)
- 2.0 t—
g 2
@ 3
1.6 STEP
E‘ (&)
- 1.2 5 —
2 }
- 0.8 Q ------ +—- - —
S STATION SPACING GIVEN AS
- 04 7 S Y DISTANCE FROM
Cvt/ q!l!
IT
i ) e« 5 6 8 9 10 1 12 13 4 STEP, IN UNITS OF BEAM
-0.09 - —]
-008 - — 4 To T -—16—
FREE-TO-TRIM RESISTANCE AND TRIM SN Ay S S U Py
L 0.07 DISPLACEMENT RANGE - j e S T = L . IR SN NP
/ ,________———--—-_uo
////’— ______—-—-;—-———-——lu
-0.06 - - -k , — - —512
2 14 TRIM I
0051 1 R - —+ W-10—
o \ ¥
R J
—0.04f & — - L N - y e 58—
T~/ RESISTANGE E
-003 . - -+ R R S —6—
P -~ ™~ — a e — & I Cs
L 0.0 L~ v \‘\;:\ifzz _ q—]
Y T8
—0.01 R Cv. /Cl”;_._,, 2|
| t
0 I 2 4 5 6 8 9 10 il 12 13 14 15 16 17 18 19
Ay
—16
VG /ey
'OJ!/ [V} / o
NS
Pd
A7
v
- 7 / /
1Y)
| g 2 AN
= (
E \ K
o
Y-S N
s NN
DN
N
4~ RESISTANCE, MOMENT AND STABILITY CHARACTERISTICS R
PLANING RANGE
—2 *~Mq/VEbe - N
AL VGa/Cy
0.35 030 0.25 0.




Fig. 84 DESIGNATION: 3.69-1.06-27QNACA TN No. 1182

MopEeL No. C.G= 024 b FWD. OF STEP Cao= 1.28 (NOMINAL) TesTeD AT R.AE. TANK
MobeL Beam: 717" "7 .32 b ABOVE KEEL k/L= 0.228 DaTe: 2 /42
pre _ N | |5] raweo step
a o, |
S %.
F24y T T o 7 T - 21 3864
(&)
- 20—+——- - — — I e B I e e A B .
% 2, 3710
16+ — 1 8 step "X} 0 =S
E_, o /\3‘96\
— 5 i R
' 0%
| %%
721 pa INE
L STATION SPACING GIVEN AS
Cy?/ Gy | A R DISTANCE FROM
3 a s e ;7 8 s 1 1 @2 3 14 STEP, IN UNITS OF BEAM
Ai ! | - t B T | | [ N
! FREE-TO-TRIM RESISTANGE AND TRIM
SHORT SHETLAND _ | DISPLACEMENT RANGE . 1 e
L 150 - o R
1.30
£1.20
- — e 0.90 e
2 TRM\ | — T T T —] &
:S’— 4 \&’/” - e — w10
3 17 _4+— | ] T T g
004} & ot e —— - s 8-
><></ | £
0.03 /*7‘ i \§ T T T T (G800 | |78~
\ /'-20
9&’ T~ | | joeo— | SR ~1-a—
I ] RESISTANCE
0.01 . B —_ e e e, NUNE Y S —2-
Cy2 /Gy' 72
0 2 3 4 5 6 1 8 9 10 Il 12 13 4 15 16 17 18 18
"—'67* o — H — -3 —
R —_—t —
12—
It
w
10 9
ul
—J
(L]
.8 g,u
=
4
6 F.
. | < ,
RESISTANGE, MOMENT AND STABILITY CHARACTERISTICS ) . 77797%’77
; PLANING RANGE
L2 - i 2,4 = — - LOWER LIMIT i~
| Mq/\/:2 0.36 VEu/Gy
0.35 030 0.25 0.20 0.15 0.10 0.05




NACA TN No. 1182 DESIGNATION: 2.85—1.30- 2.5 Fig. 85
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Fig. 86 DESIGNATION: 2.87- I.11 = 20.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 4.02-098~275 Fig. 87
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Fig. 88
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NACA TN No. 1182 DESIGNATION: 3.68-0.31-200 Fig. 89
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DESIGNATION: 3.32-0.62-200

Fig. 90 NACA TN No. 1182
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NACA TN No. 1182
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Fig. 92 DESIGNATION: 2.72-0.62- 200 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.72-06! -200 Fig. 93
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NACA TN No. 1182 DESIGNATION: 4.54 -0.67~ 20.0 Fig. 95
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Fig. 96

DESIGNATION: 393-067-20.0 NACA TN No. 1182

MooeL No. 339-49 C.G= ©35b FWD.OF STEP Ca, = (NOMINAL) Testep AT SIT No 17TaNk
MopeL Beam: 540 " 0.90b ABOVE KEEL k/L= DaTe: 5-12-44
N LGCATIONS OF TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES | |
28 FREE-TO-TRIM, DiSPLACEMTNT RANGE
-
24 \‘; \\ DISTANCE FROM § , C,/C,\/3
(&)
1.6+ = T sTEP |
- 1.2 —/ . % ]
S, ] LONGITUDINAL POSITION
Y § 1 - \m STEP, Cx /Gy#3
L
/ _L—T | Heent asove Keew, C2/Cy \/ STATION SPACING GIVEN AS
04 T T evat Y ] DISTANCE FROM
I3 3 4 5 & 71 8 9 w0 _uN\@g 3 STEP, IN UNITS OF BEAM
o009t | — — - - 4]
. . [N S S NP - ——3 ——— 4 —_ |6*.
0.8 FREE -TO-TRIM RESISTANCE AND TRIM T
DISPLACEMENT RANGE RIM
--0.07+ - —1 -t — - R v 414
et —1 —F}—q-poo
1
- 0,06 - — —t 1 — o dot e F———t—12
o ) I B st e ok 8
=¢ '//r - ——— —_:::r—— —_— I‘.OO
00510 —+—- F-——t— - —[73 e S S St S e R —t uj-10—|
by e // 4// ~ -~ A4 - ’ a
4 A7 A~
™~ \ /// / A <{
004y s—1 -t 1 - <8
\ s P E
//'/%‘ 1 =
~073 B b = ] —+ - —6—
002 ,f/ 1 I }l}_§$:\\&m 1 4—
7 RESISTANCE e
h— -+ ! 120,10 08” | "
Sy » e B IS EEN B
Gyt /G173
i 2 3 4 5 6 1 8 9 190 L1 12 13 14 5 16 17 18 19
16 —— - _— — L
L 14— _ - - —
L 12 . . -
- —10- D - . — _ . - _
u
Q
_3_5 — _— _
2
e F | : : _
5
%
%~ RESISTANGE, MOMENT AND STABILITY CHARACTERISTICS - t;;
PLANING RANGE S
,_2 f ‘= _ S
035 030 0.25 0.20 0.15 0.10 0.05

|l

[

b

1]



NACA TN No. 1182

DESIGNATION: 3.32-062-200

Fig. 97
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Fig. 98
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NACA TN No. 1182
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Fig. 100 , DESIGNATION: 328-059-200NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.32 -0.72-200 Fig. 10l
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Fig. 102 DESIGNATION: 336-087-200 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.36-0.87-20.0 Fig. 103
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