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OF A FLYING-BOAT EULL
N.A.C.A. MODEL SERIES 62 AND 69

By Joe W. Bell gnd Roland E. Olson
SUMMARY

Twenty~two models of flying-boat hulls were tested
in the ¥.A.C.A. tank for the purpose of determining the
effects on water resistance and spray of 13 varlations in
the transverse section of the bottom of the forebedy and
of three variations in the form of the afterbody. The
forebodies were of the same over-all dimensions and 4if-
fered in the type and amount of chine flare. The after-
bodies included one with a pointed plan form and stralght
buttocks, one with a second step and straight dbuttocks,
and onc with a second step and concave buttocks. The
depth of the step at the keel was thc same 1in all models,

In general, the effect of chine flare on the resisgst-
ance was snall although, at speeds Just above the hunp,
the resistance of forns with chine flare was generally
less than the resistance of the forn without chine flare,
The chine flare reduced the height of the forward part of
the spray where the spray leaves the chine of the model
above the water level but had litile effect on the spray
where the chine of %the model was below the-water level,
In cases of extreme flare, the spray forming Just zhead
of thc step seemed to be higher.

It was concluded that model 62-AD, consisting of a !
forebody with a chine flare having a width of 0,083 boam
and 5° angle, combined with an afterbody having a sccond
transverse step and concave buttocks, was the best of the
combinations tested. Charts for the determination of the
resistance and the static proporties of this model are
givon.
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INTRODUCTION

Most seaplane hulls are buillt with transverse curva-
ture in the sides of the V-bottom to reduce the hslght of
the spray. In some hulls, the curvature extends from the
keel %o the chine and, in others, the curvature is in oniy
the outer portions of the transverse sections. Curvature
in only the outer portions is known as chine flare. The
selection of the type of curvature for the transverse sec-—
tions involves a compromise in which the designor must de-
cide between a complex form of hull with controlled spray
and a sinple form with ursupprossed spray and, in gencrsl,
must consider possible offccts of the hydrodynamic forces
on the hull, This selectlon of transverse sectlions has,
in many cases, been made by intultion and has led to a
wido variety of transverse secctions.

Mcdels having a large number of these varled sections
have been tested in the N.,A.C.A. tank but other variations
in the forms of the models and in the nature of the tests
have prevented direct comparisons of the effects of the
transverse curvature. A series of five planing surfacos
of differcont transverse scctions was testod by Sottorf and
the results arc reported in reforence 1. Valuable conclu-
‘sions have beon drawn from Sottorfls tests bubt the use of
the data has been limited by the small number of modoals
tested and by the fact that the models used were single
planing surfaces and could not be tested throughout all
the conditlions at which a scaplance huwll operates.

" In the present investigation, the W.A.C.A. 62 serles
and 69 series of models were designed and tested at the
N.A.C.A. tank to provide comparative data as to forces and
spray for a systematic variation of chine flare with other
variables of the form of the hull reduced to a minimum.
Conparisons of the results of chine flgre were made with
models having throe differcent types of aftorbody.

The rcsults of the tests show the effeects of a wide
range of varlations of flarc and provide a basis for se-~
lecting the chine flarc for a secaplance hull of moderate
loading (gross load coefficiont, GAo’ up to 0.7}.
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DESCRIPTION OF MODELS

The 62 and 69 series of N.A.C.A. btank models consist
of 13 forebodies of varied transverse sectlons and three
interchangeable afterbodies of different type. The lines
of the parent model, 62=D, and the two additional after-
bodles are shown in figures 1 and 2, respectlively. The
offsets of model 62~AD are glven In table 1I.

The parent model of the series, N.A.C.A. model 62-D,
consists of forebody 62, which is similar 3o the foredody
of N.A«CuA, model 11-A (refetrence 2), and of an afterbody
having 2 transverse second step and longiltudinal curvature
of the buttock lines (concave). .

The transverse sectlons, at the maximum beam, of the
forebodies used in the lnvestlgation are -shown in figure
3. The sections of the type shown continue forward for
about 50 percent of the length of the forabody and arc.
varied from this polnt forward to fair into the bow. Each
‘0of the sectlons consists of a straight V of 22-1/2° dead
rise at the center portion with a constani-radius flare at
the outer portion and is identical with tho corresponding
sectlon of the parent form except for the flared portion.
The flare was varied in two ways: firsi, b¥ changing the
width of the curved portion and, second, by changing the
angle of flarc. Thé angle of flarc is defined as the angle
between the horizontal and the tangent to the flare drawn
at the chine. Angles of flare below horizontal are consid-
ered positive.

The first method of varying the flare can be seen in
the diagrams of the transverse sections of forebodies 62-A,
62-B, and 62~0 or forebodies 69~-A, 69~D, and 69-G (fig. 3).
In these sections, the arcs of the flare were drawn in such a
way as to be tangent to the 22-1/20 V-bottom at varied dis-
tances from the chine and %o maintain a constant angle of
flare., For sectlons having equal angles of flare, 1%t can
readlly be seen that the section having the narrower width
of flare will have the shorter radius of curvature.

The second method of varying the flarc is shown in
the sections of forebodies 62-A, 69-A, 69-B, and 69=~C, In
thlis method of variation, the width of the flare from the
chine to the polnt of tangency with the sitraight portion
was held at a constant ratio to the width of the secitlon
and the radll of curvature were selected in such a way as
to have different angles of flare.
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In all the variations of the transverse section, the
height of the chine above the base plane was dependent
upon the other variables and, consegquently, the angle of
dead risc measured from the keol to the chine wvaried
wldely with the changes in curvature. Since transverse
gsections of tixe afterbodies were not varied to mateh the
sectlons of the forebodies, the depth of the steps meas-
ured at or near the chine varied with changes of chine
flare and became very large in the cases of such fore-
bodies as 69~H, 69~I, and 62-C, evan though the depth of
the step at the keel remained the same.

In addition to afterbody D, which was & part of the
parent model, two afterbodies designated E and F (fig. 2)
were used in the tegts. Afterbody E differed from affter-
body D in that the keel and the buttocks were straight
from the main step to tho second step and that the tail
oxtension was slightly changed to match the sectlon of the
afterbody at the sccond steps One notadble dependent vari-
able was the angle betwoen the kool of the aftorbody and
the keel of the tail extension. In afterbody D, the keel
of the aftecrbody was tangent to the horizontal at tho sec-
ond step and the keecl of the tall oxtension had an angle
of 15° with the horizontal, forming an angle of 159 be-~
tween the keels at the second step. In afterbody E, ihe
aftorbody keel and the tail-extension kecl had angles of
80 and 140 15!, respectively, at the second step, forming
an angle of only 60 15' betweon keels, Aftorbody F was
identical with the afterbody of N.A.C.A. model 11-A, which
1s described in detail in reference 2.

The models were made of wood and painted with seoveral
coats of varnish. In order to insure a uniform surface on
all models at the time of the tests, each model was var-
nished and rubbed to & smooth surface a few days before it
was tested.

When forebodies and afterbodies were interchanged,
the depth of the step measuresd at—the keel was repeated
to +0.02 inch, which is within the accuracy of the con~
struction of wooden models. No measurable variation in
the angle of afterbody keel resulted from scparating and
reassembling models,

The forebodicecs and the afterbodies of the seriocs of
models wero tested in the following combinations:
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Model Forebody Afterbody
62-=-D ' 62 D
62-AD 82-A D
62-BD 62~3 D
62-CD 82~0 D
69-AD 69-A D
£3-~BD 69-3 D
69-CD 69-C D
69-DD 69~D D
69-ED 69-8 D
69-FD 69~F D
59-GD 69=G D
69-HD 69-H D
69-1D 69-1 D
62-1 62 E
69—-AF 69-A E
69-DE 69-D B
65~GE 69=-G E
62~F 62 ¥
62~CF 62-C r
68=AT 69-A iy
68-DF 69D ¥
69~-GF 639G iy

APPARATUS AKD PROCEDURE

The tests were made in the N.A.C.A. tank, which is
described in reference 3, using the towing gear described
in reference 4. Several of the models were tested free to
trim gnd all of the model combinstions used were tested by
the geaneral method.

Pree~-to=-Trim Tests

The frec-to-trim tests were made using assumed values
for the gross weight and the get-away specd of a hypotheti-
cal flying boat. The models were pivoted about a point
corresponding to the assumed center of gravity of the com-
plete flying boat and were balance? about this point. A
1ift correspoanding to the 1ift of the wings of the flying
boat was applied by means of the hydrofoil device described
in reference 3. Tho 1ift applied by this device was meas-
ured by means of a spring dynamometer of small deflection.,
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In order to determine a suitadlec posltion for the
centor of gravity, model 62-D was -toested at five conter-
of-gravity positions and modol 62-AD was tecsted at two
positions. All the positions investigated had the same
vertical height (15.56 inches) above the keel at the
step. The longitudinal locations of the center of grav-
ity were as follows:

Pogition Distance of c.ge. forward of
main step, in.

0 - ' 9,25
1 7.75
2 6.25
3 4.758
4 3.25

On the basis of the results of these tests, position 2,
6.25 inches forward of the stop, was selected for tho cen-
ter-of~gravity position for the rest of the free~to-trim
tests and as the position of the center of moments for the
general tests.

General Tests

The gensral tests were made with a range of loads and
speeds sufficient to make the data applicable for any
gross load coefficient up to 0.7 at rest and for any speed
thought to be practicable for the models. The range of
trims was sufficient to doetermine the resistance at best
trim for all loads and spoeds within the schedule but was
not sufficient to include zero trimming moment for all
cases. The data for zoro trimming moment were not obtained
because of the large number of models in the series and
the limited amount of time availlable for the investigation.
This omission was considered pormissible becausc the pri-
mary purpose of -the project was to obtain comparative data
and the obtaining of dosign data on all the models was
considered unimportant. The free~to~trim tests provided
data for comparative purposes at zero trimming moment,

-
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RESULTS AND DISCUSSION.-

Force Data -

The results of the tests were reduced to the usual
coefficients based on Froudels law to make them independ-
ent of size. In thls case, the bsam at the main step was
chosen as the characteristic dimension. 'The nondimension-
al coefficients are defined as follows:
Y Ioad coefficlent, GCp = A/wb3
“Resistance coefficient, Op = B./wbs
vSpeed coefficient, Oy = V/ /gb
“Trimming~moment coefficient, Oy = M/w'b4
i, Draft coefficient, 0Og = 4/b

-where
Jﬁ igs load on water, pounds;

V,w, spocific welght of water, pounds per cubic foot,

(63,3 for those tests, usually taken as 64 for sea
water.) )

/b, beam at main step, foet.
D/R, resistance, pounds.
vV V, speed, fect per second.

v s acceleration of gravity, 32.2 feet per second per
gsecond.

“v'M, trimming moment, pound-~feet.
-/ d, draft at main step, feeb.

Any consistent system of unilts may be used. The
"moment data are referred to a point 6.25 inches forward
of the step and 1.56 inches above the base line. Tall-’
heavy moments are considered positive.  Trim is the angle
between the base line of the model and the horizontal.
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Selection of longitudinal vposition of center of grav-
ity by free-to-trim tests.- The results of tests of model
62~D with the five different centers of gravity are shown
in flgure 4. In general, the effect of forward movements
of the center of gravity was to reduce the trim at sall
speeds. This change of trim caused an increase in the ro-
sistance up to a speed coefficient, Gv, of about 2.0 and
caused a reductlon in the resistance at speed coefficleonts
from 2.0 to0o 5.0 TForward movements of the center of grav-~
ity also incrcased the tendency to porpoise. At positlion 1,
it was necessary to connect the trim dashpot to prevent
porpoising and, at position ¢, the porpoising became so
violent that the free-to-~trim test could not be carrled %o
speed coefficients above 3.8.

On the basis of these results, positions 1 and 2 were
considered the best for model 62«D and were therefore the
only posiitions investlgated for model 62-AD., Figure 5
shows the results of the tests of model 62-AD at these
centers of gravity. The effects of shifting the cenftor of
gravity were essentially the same as they wore for model
62~D. The tendency %o porpoise, however, was worse than
for model 62-«D. The tendency of model 62«AD to porpoise
when tested at position 1 was considered sufficient reason
for thc selection of position 2. There was some tondency
for the model to porpolse at center~of~-gravity position 2
but this tendency did not socem to be any more pronounced
than for most models that have been tested free to trim in
the N.A.C.A. tank,.

iiost models show a tendency to porpoise when tested
by the free-to-trim method. At the presgent time, this
tendency cannot be considered as a definite basis for the
prediction of the porpoislng characteristics of a full-
scale flying boat. Experience having shown that porpois-
ing occurs when the center of gravity of a flying boat 1is
located too far forward, it 1is considered advigable to
locate the center of gravity far cnough aft to avoid vio~
lent porpoising in the model test. For this reason, posi-
tion 2 wag used a¢ the center of gravity for free-~to-trim
tests and as the center of moments for the general tests
throughout the remainder of the investigation.

. Comparison of the effeocts of chine flare at best frim.
Figure 6 shows a comparison of registance coefficient at
best trim plotted against speed coefficient for four models
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with an angle of flare of 5° and different widths of
flare.™ Increases in the width of the flare can be seen
to result in slight reductions of resistance at the hump
and in greater reductions in the intermediate speed range
above the hump. Becgusec of the small order of difference
in resistance at high speeds and the inconsistencies found
in comparing these differences, no conclusions are drawn
for speed coefficients above 5.0.

A comparison of resistance coefficient at besi trim
plotted against speed coefficient for four models of dif-
ferent angles of flarc and tho same width of flare is
shown in figure 7. This comparison shows that increasing
the angle of flare caused small rcduction in resistance at
the hump and greater reductions in the intermediate speed
range. & second hump appears in the resistance curves of
model 69-CD (angle of flare, 45°). This second hump con~
sistently -occurs in the best-trim resistance curves of the
models having an angle of flere of .45°,

The variation .of the hump resistance at best trim
with the angle of flare is shown in figurec 8. In somse
cases, the scatter of the test points is greater than the
probable effect of variations of flarc but this plot scems
to show the trends of the effects, particularly at high
load coefficicnts. At load coefficients of 0.6 and 0.5,
there 1s a trend toward lower resistance with increcasing
angle of flare and, in gereral, the resistance is lower
for grecater widths of fiarc. These effects, however, are
too smell %o be cousidorcd important. - =

Figure 9 shows the effect of chine flare on resistance
at best trim for a speed coefficient of 3.0, The decrcasc
in resistance at this specd is reclatively unimportant in
the take~off of a seaplarc, but the comperison is included
because the greatest effect of chinoe flare occurs in this
speed range., Theo data presented in the figure definitely
show trends toward lower resistance with incrcecased angle
cf flare and with increased width of flare,

Increases in the width of flare and in the angle of
flare both reduce thoe dead rise of the modecl measured from

*For purposes of comparison with models of different widths
of flare, model 62-~D is considered to have zero width of
flare; and, for comparison with models of different angles
of flare, it is considered to have -22-1/2° angle of flare.
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the keel to the chine and both have similar effects on the
resistance. It therefore follows that the dead rise meas-
ured to the chine may be an important variablec in tho ef~
fact of chine flare., PFigure 10 shows resistance cooffi-~
cicnts at best trim for a specd coefficient of 3.0 plotted
against anglc of dead rise to the chine for 13 models ‘of
the present serles and for four V-bottom planing surfacos
with no chine flare (reference 5). For this speed coeffi-
cioent, the offecct of the dead riso to the chine for ithe
model compares closely with the effwct of dead rise for the
planing surfaces at load coefficients of 0.5 and 0.4, At the
lighter loads, the effects are not In very good agreement
but this result might be expectod becaunso of the proascnce
of the afterbody on the model. 1In ecach 'of tho modol tests
of thc present series, the afterbody was clcar of the wator
at a specd coofficient of 3.0 when hecavily loaded but was
in the water at the samo speed when lightly loaded. - Since
the afterbody of the flying boat carries a portion of the
load at the hump and 1is sgstruck by large gquantities of spray
at high speeds, a close agreoment with planing-surface

data cannot be expected in these spced ranges.

Comparison of tho effccts of chine flare on free~to-
trim results.- The results of froc-to-trim tests of four
models having differcnt widths of flare are shown in fig-
ure 1l. The offect of incrcasing the width of flare was
to cause the maxzimum trim and the maximum resistance %o
occur at a lower speed and to increase the resistance at
the hump. The increase in the resistance at the hump was
rolatively small in changing from no flare {(model 62=~D) to
0.,083b, width of flare (modcl 62-AD) dbut was larger in
changing from 0.,083b; width to the wider flares, where b,
is width of .any transversce section of the forobody. The
resistance and the trim at speeds above the hump were less
for the models having greater width of flare,

Figure 12 shows the free-to-trim results for thros
models of differont angles of flare and a width of flare
of 0,083b,. Increasing the angle of flarc caused the re-
slstance and the trim humps to occur at a lower speed and
reduced the trim and the resistance at speeds above the
humpe The same tendency was found with other wldths of
flare.

Comparison of afterbodies.~ The resistance coeffi-
cient at best trim is plotted against speod coofficlent
in figure 13 for throec models usling the seme forobody and
different afterbodlices. The grcatost effect shown 1n this
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comparison is a higher resistance below the hump for model
62-F, which has the pointed afterbody. At the hump, the
resistance of modgl 62-FB is slightly higher then $hat of
the other models but, in general, there arc no imporitant
differences.

Afterbody E gavo some trouble with Y"sticking" at the
second step, which is not apparent at best trim but can
be seon in figure l4. This sticking occurred only at high
speeds where the spray from the main sbtep struck the after-
body and 4id not break away from tHe model at the second
step but followed along the bottom-of the tall extension.
This ceffect causcd a suction that increased the resistance.
When aftorbody D ran at similar conditions, the water
brokec away from tho sccond step. A study of the linces of
afterbodics D and B in figurcs 1 and 2 will show that the
trouble with afterbody E is not wholly due to the sitraight
buttocks but is probadly caused by the combination of the
shallow depth of the sccond step and the small angle be-
tween the keels of the aftorbody and the tail extension.

A comparison of the frceo-to~trim results of models
62-D, 62-E, and 62-F is shown in figure 15. Tho trim and
the resistance of model 62-D werec lower than the trim and
the rosistance of the other models at the hump and at low
speeds. The differences in reslistance above tho hump were
not great enough to bo of any imbortance.

During the tests, models using the F afterbody had a
tendency to yaw at spceds below the hump speed. None of
the combinations using the D or the B afterbody had this
tondency. - .

As a rosult of thosc comparisons, the D afterbody is
considered the best, with the P aftoerbody second. All the
comparisons of forebodies given in this report are for
models using the D afterbody but other comparisons not in-
cluded show that the same trends exist for the same fore-
bodies combined with the B or F afterbody. Likewise, the
effect of changes in the afterbody was similar when any
other forebody was uwused in the comparison.

Design.charts for modol 62—AD.— The smount of data
accunulated in those tests was so great that its very bulk
makes 1t unwieldy. Inasmuch as the larger part of it is
of no detailed interest to the deosignor, it has becen sum-
marized and the complete results of only one nmodel arc in-
cluded. Becausc the force tests show model 62-AD to be as
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good as any in the series and: the spray characterlstics,
to be discussed later, show 1t to be the best of the
series, the design charts of model 62-AD are glven in
thisg report. Charts for the determination of tho rcecsilst-
ance and the trimming noment of model 62-AD arc givon in
figure 16. This type of chart 1s discussed in detall 1n
reference 6., PFlgure 17 gives curves for detoermining: the
trim and the draft of mcdel 62-AD at rosit.

Spray Characteristics

The spray crcated by tho forecbody of a planing model
can be understood boetter if it is considered in two dis~
tinet classifications: (1) spray originating whoro the
chine of the model is above the surfacoe of the water, 1l
lustrated in section A-A of figure 18; and (2) tho spray
originating whore the chine is below the surface of the
water, illustrated in scection B-B of the sane figurec. The
spray 1llustroted in soction A-A leaves the nodel approxi-
nately .at the angle of flarc of the forechody and can
therefore be dircected by & properly designed flare. When
the angle of flarc is below the horigontal, the spray
lecaves tho chine with a downward component in thls reglon
and is deflccted upward upon striking tho surface of the
water. During the tests, the height of thls spray after
beling deflected was nevor great onough to be considered
obJjectionable. The spray of the second clossiflication is
the result of an intricate combination of veloclties and
proessuros and apparently cannot be controlled by chine
flare of thoe types investigated., Extreme chine flares
causced thls type of apray to go higher and 1t is doubiful
that any flare really reduced the spray crcated at this
nart of the nodel.

Figure 19 shows photographs of seven models of the
geries taken during runs st about the hump speed with the
load anéd the trim approximately equal to the load and the
trim at which an application of one of these models would
operate,s These photographs show that the spray was lower
in general for all the models with chine flare than for
model 62~D, which had straight V gsectlions and arn angle of
dead rise of 22-1/2°, 1In these photographs, the spray that
leaves the model above the water line is more easily seen
than the spray that originates where the chlne 1s below the
water line but the spray that originates where the chine is
below the water line can be geen in some of the photographs
by a study of the front views and the plan viewsgs together.
Model 62~AD sececms to cause less spray at this condition


http://www.abbottaerospace.com/technical-library

N.A.C.A. Technical Xote ¥o. 725 13

than any of the other models but there is little differ~
ence between it and model 69-AD. Similar photographs of
the same models taken at a load coeffieient, GAW of 0.62,
ahout 20 percent greater load than that of the models in
figure 19, showed the same effects of the chine flares

Photographs showing the effect of chine flare on the
spray at speeds above the hump are shown in figures 20
and 21. These photographs represent two different speeds
wlth loads corresponding to the conditions of the free-~to-
trim tosts and with a trim of 59, which is near best trim
for both speeds. TFignre 20 shows that the effeect of chine
flare is about the same at intermediate speeds a8 at the
hump. A comparison of the photographs in figure 21 shows
that the. spray 1is only slightly affected by the chine flare
at a high speed and a light load Jjust before get-away. At
this speed and load, the entire chine of the forebody is
above the water surface and a large portion of the spray
comes from behind the step.

Such chine flares as those of models 62~CD, 69-ED,
and 69-ID (fig. 3), not included in the photographs, caused
higher spray where the chine was below the water line.
The forward part of the spray where the chine was above the
water line was little affected by excessive flarae.

CONCLUSIONS

Al

. 1. The. height of the spray originating where the
chine of the model was above the water level was reduced
by the chine flare.

2.- The height of the spray originating at the side
of the portion of the chine that was below the water level
was not reduced by the chine flare. In some casses, the
height of this spray was increased by chine flarac.

3. The resistance at best trim at the hump and at
high speeds was only slightly affected by chine flare.

4, The resistance at best trim at intermediate plan-
ing specds was roduced by chine flare. :

5. In the frese-to~trim tests, the $rim and the re-
sistance at the hump were incressed by chine flare,
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- 6. Whon all effects of the chine flare arc considered,
model €62=«AD scoms to be the best of the models tested in
this. investigation.

Langley Mcmorial Acronsutical Laboratory,
National Advisory Committec for Aeronautics,
Langley Field, Va., June 6, 1939.
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TABLE I

725

15

Offsets for N.A.C.A. Model 62~AD Flying-Boat Hull (Inches)

Distance from base line | Half-breadths
Sta- {Distance i Radius
tion (from F.P. Keel Chinoc |Tangency |Chine [Tangency of
of flare of flare flare
7. P, 0 4,00 4,00 0.25
1/2 2.40 9,33 5,12 5.52 | 2.25 1,88 0.94
1 4,80 11,00 6.19 6.55 2.81 Z,18 .85
1% 7.20 12.01 7,14 7,48 5,03 4.19 1.05
2 9.60 12.67 7.93 8.25 5.96 4,97 1.29
3 14,40 13,34 9,12 9,38 7.22 6.02 1,70
4 19,20 | A13.50 9,91 10,15 7.94 6,62 2,39
5 24,00 13.58 [10.32 10.54 8.29 6.91 2.80
5 28.80 13.66 [10.52 10.75 8.45 7 .04 3,13
7 33.60 13.75 k10,60 A 10.82 8,50 7,08 3.02
8 38,40 13,83 110.681 | 10.90 A A
9 43.20 15.92 10,77 10,99 Y Y Y
10,F 48,00 | ¥14.00 F10.85] Y 11,07 8.50 7.08 3.02
10,4 48,00 13,44 3.92 8.50
11 52.80 12,77 3.28 8,42
12 57 .60 12,09 8,70 8.19
13 62.40 11,42 8.18. 7.81
14 67.20 v10.74-| 7.74 7,24
15 72,00 10.15 73 6.586
15% 54440 9,92 7,37 6.15
18 76,80 9.77 7 .40 5,73
161, F 78,00 9,75 7o t7 5,50
16+,A 78.00 | A 9.50 7,22 5450
17 81.60 1! 8.53 6.55 4.78
18 86.40 |M'27,25 5,69 2.76
19 91.20 |8iT5.96 4,886 2.65
20 96.00 Al 4,68 4,06 1.49
AP, 100.80 | ¥ 3,39 z2,27 « 30
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Trieming-moment coefficient, Oy

Draft coeffioient, Cp
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Arrows show approximete direction of spray at its origin.
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Figure 18.- Diagrams of spray formation at two parts of
e typical forebody,
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