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By John R. Dawson, Robert McKann,
and Elizabsth S. Hay

SUMMARY

The second part of a series of tests made in Langley
tank no. 2 to determine the effect of varying design
parameters of planing-tail hulils 1s presented. Results
are given to show the effects on resistance character-
istics of varying angle of afterbody keel, depth of step,
and length of afterbody chine. The effect of varying
the gross load is shown for one configuration. The
resistance characteristics of planing-tail hulls are
compared with those of a conventional flying-boat hull.
The forces on the forebody and afterbody of one configu-
ration are compared with the forces on a conventional
hull,

Increasing the angle of afterbody keel had small
effect on hump resistance and no effect on high-speed
resistance but increased free~to-trim resistance at
intermediate speeds.

Increasing the depth of step increased hwap resistance,
had little effect on high~-speed resistance, and increased
free-to~trim resistance at intsrmediate speeds.

Omitting the chines on the forward 25 percent of the
afterbedy had no apprsciable effect on resistance. Omitting
70 percent of the chine length had almost no effect on
maximum resistance but broadened the hump and increased
spray around the afterbody.
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Load-resistance ratio at the hump decreased more
rapldly with increasing load coefficient for the planing-
tail nuwll than for the representative conventional hull,
although the load-resistance ratio at the humo was greater
for the planing-tail hull than for the conventional hull
throughout the range of loads tested. 4t speesds higher
than hump speed, load-resistance ratic for the planing-
tail hull Was s maximum at a particular gross load and
was slightly less at heavier and lighter gross loads.

The planing-tall hull was found to have lower
reslstance than the conventional hull &t both the hump
and at high speeds, but at intermediate sneeds there
was little differsence. The lower hump resistance of the
planing-t2il hull was attributed to the ability of the
afterbedy te carry 2 greater percentzge of the total load
while maintaining a higher value of load-resistance ratilo.

INTRODUCTICN

In reference 1 are reported the results of pre-
liminary tests made with models of an unconventlonal
flying-bost hull called 2 planing-tail hull. The NACA
planing-tail hull consists of a forebody having a pointed
ster of great deoth leading into a very long afterbody.
This afterbody extends besck to the region where the tail
surfaces would be attached; thus no tail extension is
required behind the efterbody. The results of reference 1
indicated that this type hull might have some advantages
over the hull of a conventional flying boat. This work
was followed by & series of tests made to determine the
effects on resistance characteristics of varying de51gn
parameters. Pert I determined the effect of varying
length, width, and plan-fcrm taper of the afterbody.

(See reference 2.) The present paper, part II, gives
the results of tvats made in Langley tenk no. 2 to
determine the effect of varying angle of afterbody keel,
derth of step, length of afterbedy chine, 3nd gross
load.

COFFFICIENTS AND SYMBOLS

£

The data of the tests were reduced to the following
nondimensional coefficients based con Froude's criterion
for similarity:

CA load coefficient A
wb3
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Ca gross load coefficient —

D
. .. B\

CR resistance ccefficient (QE_)
s Y\

7
CV' speed coefficient <§é§$

Y . . . r
Cyy  trimming-moment coefficlent (;hp

IN
wb
. N
C draft ccefficient Q\
d b/
\Vy
where
A load on water, pcunds
b gross load on water, pounds
R resistance, pounds
W specific weight of water (63.0 1lb/cu £t in these tests)
b meximum beam of hull {(1.08 ft)
W speed, feet per second
M trimning moment, pcund-feet; moments tending to railse

bow are consicdered positive
g acceleration of gravity, feet ner second per second
c draft at step, feet

Other symbols used are

a angle of afterbody keel, degrees

X longitudinal distance from center of moments to
step, inches; distance aft of step considered
negative

H depth of step, inches

A part of afterbody over which chines are cmitted,

inches
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B part of afterbody over which chines are retained,
inches
o sternpeost angle, degrees

A/R  load-resistance ratio

Lf/b forebody length-beam ratio
DESCRIPTICN OF MCDELS

In order to avoid effects of seccondary varilables
not under study, the models were made with afterbodies
that were very simple in form. Fillets and fairings
were omitted; conseguently the models wculd require
furtrer refinements before belng made into hulls of
cood aerodynamic form.

The general lines of the models are given in figure 1
and table I lists the pertinent dimensions and parameters
of each model. The fcrebody for all models is that of
WACA model 35-A, which is the same forebody gs was used
in the tests reported in reference % and in the planing-
tail-hull tests of reference 2; offsets of thils fcrebody

are given in reference 3.

The afterbody used in the tests to study angle of
afterbody keel and depth of ster was a prismatic form,
ventagonal In section except for cylindrical sections

from staetions 12 to 13%. Between these stations the

afterbody was made cylindrical so that continuity could

be maintained when verts of the chines were removed.

The cylindrical secticns clesared the water just below

hump speed and remalned clear at all higher sneeds. The
chines were omitted from narts of the afterbedy by inserting
lengths thet were circular in section. The discontinuities
between the circular =nd ventagonal sections were faired
with plasticine. Although the model croduced by this
simple method was relatively crude, it should be adequate
to show the effects ¢f omitting chines on part of the
afterbody.



The varistions of the models tested 2re given in
the following table: '

Langley tank | Devnth of | Angle of Length of chine in

model step afterbody| percentage of length
keel of afterbeody
(deg)

162A-1 0.35b 0 88.5

163A4-6 .%EDb 2 £8.5

1634-11 .35b I 88.5

1634-16 25D 6 8.5

163 4-% .5Ch 0 £8.5

16%4-13% .50b Iy 28.5

1624-11A .35b Iy 75.C

1624-118 .35b Iy 3C.0

The tests were made by the specific method. All
configurations were tested at & gross load coeffilcient
of 1.00 and one model w=s tested also at gross load
coefficients of C.75 and 1.25. In order to simplify
the tests, wing 1ift was assumed to vary only as the
square of the speed, and the psrabolic load curves of
figure 2 were used. PFixed-trim runs =t constant sveeds
were made 2nd resistance, draft, and trimming moments
were measured for each run. wosufficient trims were
zero trimming moments for the center of moments used
{fig. 1), and enough dates tc derive free-to-trim curves
for a center c¢f moments that would glve gzero trimming
moment fcr best trim at the point of maximum resistance.

Resistance, as plotted, includes the sir drag and
the hydrodynamic resistance of the model since only the
air drag of the towing gear was subtracted as 2 tare from
the measured values cof resistance, Trim, as measured, is
the angle between the horizontal snd the straight part
cf the forebody keel. Draft was meassured vertically from
the point of the step at the keel tc the free-water surface.

At high speeds and low trims the afterbodies of the
models were clear cof all weter 2nd spray. Under these
conditions, the resistance of the complete model can
differ from that of the forebody alone by cnly the small
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differences in air drag. Data from unpublished tests
made with the forebody alone were compared with the
results from some of the present tests made with the
complete configurations; under conditicns in which the
afterbodies of the ccmplete models were clear of the
water, the resistance was found to be negligibly affected
by the presence cf the afterbedy. Data from the fore-
body tests were therefore used for some of the mcdels

in the speed region where the afterbodies were clear,

and only sufficlent tests were made with the complete
model in this region to determine whether the afterbodies
" were definitely clear of the water.

RESULTS AND DISCUSSION

The results of the tests are given in figures 3
to 12 in which resistance, trimming-moment, and draft
coefficients are plotted against speed coefficient with
trim as a2 parameter. The speed coefficient at which
each afterbody cleared the water is indicated in these
figures. Unlike the conventional sfterbcdy, which is
often wetted by the forebody spray after the afterbody
has cleared, the nlaning-tall afterbodles remained
unwetted at all speed coefficlents grester than those
at which the afterbodies originally cleared.

In order to show the effect of the several parameters
under study (depth of step, angle of afterbody keel,
length cf afterbody chine, and gross load), both best-
trim and free-to-trim (zero-trimming-moment) curves were
derived for .each model., (See figs. 13 to 2C.) Free-to-
trim resistance characteristics are necessarily s function
of the location of the center of gravity. In order to
compare free-to-trim data of different hulls, it is there-
fore necessary to establish a criterion for the selection
of the centers of gravity at which the comparisons are to
be made. The use of a location of the center of gravity
that is a constant distence from some erbitrary point on
the ‘model, such e2s the sten, does not always give a fair
‘comparison because the optimum value for this distance
may not be the same for each hull. In order to obtain
a fzir basis for comparing the dsta for the various
configurations, center-cf-gravity locsaticns were selected
that would result in zero trimming moment for best trim
at the speed corresvonding to maximum resistance.
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Trimming-moment curves at best trim and free-to-trim
curves were determined for the same center of gravity.
The locations of the center of gravity that resulted
from this vsrocedure azre given in figures 13 to 2C.

Effect of Angle of Afterbody Keel

The effects of angle of afterbody keel on free-to-
trim and best-trim chﬂ”ﬁcterﬁstlus sre shcwn in figures 13
and 1lli. Figure 21 is a cross plot of resistance coeffi-
cient, Cp, against angle of afterbody keel, a6 at a
constant denth of step , H. Figure 22 is a ‘sifilar cross
plot of Cp against H at values for a of C° and LO.

Hump resistance was not greatly affected by change
in angle of afterbody keel At H = 0.50b no aporeciable
difference was noted in tpe hump resistance at value” of
a of 00 end 4° (fipg. 22}. At H = 0.35b (fig. 21)
decreasing a from 6° to L° had no effect on humd
resistance, but = Derceotle increase was cbtained by
reducing ¢ to o° Investizations of conventional hulls
have genersally shown hump resistence to decrease sub-
stantially with decreasing angle of afterbcdy keel. It
is logicel that if the angle of afterbody keel of any
configuration is varied through a sufficlently wide range,
an angle that gives minimum hump resistance will be found.
This ontimum angle would be expected to vary with change
in the depth of step and other changes in form. Apparently
the range of a that has besn of interest in conventional
hulls lies above the value of a for minimum hump reslis-
tance. In the case of the planing-tail configurations,
however, the range of a tested apresred to lie nesr the
value of a for minimum hum» resistance; the smallest
values of a were below this value for 2 depoth of step
of C.35b. Thus, a tendency fcr the hump resistance to
increase with decre9s1nz angle of atterhody keel may be
consistent with the opposite trend found in tests xlth
hulls of conventional form.

The most pronounced effect of varying angle of after-
body keel on free-tc-trim resistance (fig. 15) wos
obtained in the intermediate nlaning range (Cy = L.0)
where increasing the angle of afterbody keel caused a
large increase in trim abcve best trim, which resulted
in 2 secondary resistance peak. This peak increased as
angle of afterbody keel increased and exceeded the hump
.resistance at the highest angle of afterbody keel.
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Best-trim res;stance (figs. 1y and 21} in the speed
region CV # 4.0 was increased only slightly with

increasing angle of afterbody keel. In the high-speed
region (CV = Z.S) resistance at best trim was not
affected by angle of afterbody keel because the after-
body was clear for all configurations tested and the
resistance was essentially that of the forebody alone.

Incressing the angle of afterbody keel increased the
trim in the free-to-trim condition throughout nearly
all the speed range. The greatest change cccurred
between velues of a of 0° and 2°. (See fig. 13.)
Trimmingz moments for test trim were, in general, greatest
at intermediate speeds. The maximum values of trimming
moments tended to increase with angle of afterbody keel
but the speed at which these maximar values occurred
decreased as zangle of afterbody keel was increased.
(See fig. 1hL.) “

Effect of Depth of Step

The effect of depth of step 1s shown in figures 15,
16, and 22. The hump resistance was incressed by increasing
H from 0.35b to 0.50b. In the intermediate planing
range, varying the depth of step affected free-to-trim
resistance in much the same way as had varying the angle
of afterbody keel. Best-trim resistance was little
affected at high speeds. The effects obtained for values
of a of both 0° and L° were similar. (See fig. 22.)

An increase in depth of step resulted in an increase
in trim in both the best-trim and free-to-trim conditlions
for all speeds up to that at which the afterbody cleared
the water. Trimming moments for best trim were only
slightly affected by change in depth of step.

Effect of Sternpost Angle

Sternpost angle o6 (fig. 1) is & function of both
depth of step and angle of afterbody keel. In figure 23
resistance coefficient is plotted against sternpost angle
at three speed coefficients. The secondary peak (CV =~ 11.0)

tended to increase with Increasing sternpost angle and
anproximately the same results were obtalned whether the
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sternpost angle was varled by changing the depth of step
or the angle of afterbody keel. At the hump the resistance
is neot a single-valued function of the sternpost ang

Since the best-trim resistance at high speed (

was affected by neither depth of step nor angle of after—
body keel, the sternpost angle has no effect on resistance.

Effect of Varying Length of Afterbody Chine

In figures 17 and 18 the effect of varying length of
afterbody chine (by omitting the chines for as much as
70 percent of the length of the afterbody) is shown. The
part of the afterbody over which the chines are omitted
is designated A and the psrt cver which the chines are
retained is designated B. The curves show that omitting
the chines for the forward 25 percent (1.00b) of the

fterbody had no apprecisble effect cn resistance.

lettlng the forward 70 percent (2.80b) of the chines
caused the hump resistance to occur at a higher speed,
broadened the hump, but had almest no effect on the
maximum resistance.

With 70 percent of the chine removed, spray rose
as high as 1/2 beam above the afterbody and would tend
to be thrown against the tail surfaces with encugh force
to increase maintenance difficulties.

Effect of Varying Gross Load

The effect of varying gross load on a planing-tail
hull is shewn in figures 19 and 20; in figure 2L load-
resistance ratio A/R at best trim is plotted against
load coefficient for three speed coefficients. ngure 2l
also includes values of A/R at best trim for a
representative conventional hull (hull A).

" The changes in trim and trimming moment caused by
increasing the load coefficient were inconsistent but,
in general, not large (figs. 19 and 20).

Figure 2l shows that A/R at the hump for the
planing-tail hull decreased rapidly with 1n0r6851ng
load coefficient. At speed coefficients of 4.0 and 6.5,
A/R for the planing-tail hull was a maximum for the
load corresponding to a gross load coefficient of 1.00
and was slightly less at lighter 2nd heavier loads.
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This trend d*ffcrs somewhat Trom that of conventional
hulls. At Cp = = L.0, 4/R for the conventional hull

decreased rapidly with increasing load coefficient but
at Gy = 6.5, A/R 1increased rapidly.

Comparison of Conventional and Planing-Tail Hulls
ance characteristics of

11) with those of &
ven in figure 25, in

A comparison of the re
a planing=tail hull {model -
conventicnal hull (hull A) i i
which spead cosfficient is plotted aonvnst resistance
coefficient at best trim Ior both hulls and against
resistance coefficient &t free to trim for the planing=-
tail hull. In the best-trim coadition, model 6)A-¢1
had considersbly lower resistance than hull A at the
hump and at high spesds; at intermediate speeds there
is little difference in resictance. In the frese~to=-
trim co:c_tﬂﬁp, modsl 1€634-11 had lower resistance than
hull A the best=trim coua:tldn over the parts of the
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In figure 26 A/R at the hump is plotted against
forebody length-beam ratic IT/% for two series of hulls

)

for vll h length-beam ratlo was varied systematically
(vnouolished data}. The valuss of A/R at the hump for two
Dlanlng -tall Lulls and two un:r-e"s*'en conventicnal hulls
are also plotted in this figur 3 guve 26 shows that the
values of A/R at the hump for -11 the ceonventional hulls
f2ll on two rather clearly defined curves, although two of
the hulls had no relaticn to e t~er length~-tLeam series.
The values of A/R at the hump for the planing=-tail hulls
are far sbove the curves.

I—b
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The increase in 4/R that would be obtained for
hull A by increasi ng the fcrebody length-beam ratic is
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therefore a small part of the difference in the values
of 4/R for hull A snd the planing-tail hulls. The
remaining part of the difference must be due tc other
features peculilar tothe planing-tail hull.

The curves of figure 27 show that the low resistance
obtained from a planing-tail hull is primarily due to
the effectiveness of the planing-tail afterbody. In
this figure resistance ccefficient, trim, load-resistance
ratio, and vercentage of total load on the model carried
by the afterbody are plotted against speed coefficient
for both model 16%4-11 and hull B. Curves of A/R are
given for the forebodies and afterbodies separately as
well as for the complete models. Hull B (NACA model 126B-1,
reference |.), which is similar to an existing flying boat
except for an angle of afterbody keel that is 29 lower,
is used in the present comparison because the data were
available from unpublished tests. In these tests a speclal
balance was used tc measure separately the forces on the
forebody and the afterhody. Separation of forces on the
forebody 2nd the afterbody of the planing-tail hull was
made by the method of reference 1, which uses results of
tests made with the forebody alone.

The resistance hump for model 1634-11 occurred at
a speed coefficient of 1.8. At this speed the resistance
of the two hulls is not greatly different. However, at
a speed coefficient of 3.0, at which the resistance hump
of hull B occurs, the resistance of model 16%A-11 is
very much less and the cause of the difference between
the resistance curves of the two models at this point
is of primary interest. PFigure 27(c) shows that at
Cy = 3.C, the value of A/R  for the forebody of

model 163A-11 is greater than the value for the fore-
body of hull B (5.1 compared with Lj.5). Figure 26
indicates that this difference 1s due primarily to the
difference in length-beam ratios of the two forebodies
(L.0 and 3.0). The significant point, however, is that
at this speed coefficient (Cy = %.0) the value of A4/R
for the complete hull B is only slightly greater than the
value of A/R for its forebody, whereas the value of '
A/R for the complete model 1634-11 is notably greater
than that for its forebody (6.3 compared with 5.1).

At speed coefficients less than 3.1, the afterbodies:
of both hulls have higher values of A/R than the fore-
bedies. In the sveed range in which the greatest
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differences in resistance for the two hulls exist,
however, the values of 4/R for the afterbody of

model 1634-11 2re substantially greater than thcse for
he afterbody of hull B. '

When the afterbody has 2 higher load-resistance
ratio than the forebody, it 1s obviously desirable to
carry as much load cn the afterbody as possible.
Fizure 27(d shows that for values of Cy below 2.5, the
conventional hull carries = greater percentage of
load on the afterbody than doss the planing-tail hull.
The load-resistance ratic for the planing-tail after-
body, however, 1s greater than for the conventional
afterbody and compensates for the differences in load
carried by the two afterbodies to such an extent that
the resistance of the planing-tail hull is the lower
over part of this speed rangse.

At speed coefficients greatér than 2.5, the planing-
tail afterbody not only carries a greater percentage cf
load than does the conventicnal afterbody but also maintains
greater load-resistance ratic. These two character-
tics of the afterbody of the planing-tail hull are the
imary csuses for the reduction of resistance st the
seds at which hump cccurs for the conventional hull.

v

is notable that the planing-tail hull maintalins &
her value of A/R while operating at a lower trim
a. 27(0)) .

B

AT HOT
G TS @

g
T

In genersl, the best trim for the complete medel 163A-~11
is the same as the best trim for its forebody. It is
remarkable that, when the forebody 1s operating at its
best trim, the afterbody has much greater values cf A/R
than has the forevecdy. At speed ccefficients between
2.C and %.5, the values of 4/R for a highly efficient
planing surface with straight buttccks were found in
reference 1 to be less than 6, The afterbody of model 163A-11
has values of A/R seversl times this value in the same
speed range., Over most of this speed range, even the
conventional afterbody has values of A/R  greater than 6.
These afterbodies, therefore,carry load with less resistance
than would a single planing surface running in undisturbed
water. In order to obtsin this result, some energy of
the forebody wake must be converted into useful 1ift,
which is more effectively accomplished by the planing-
tail afterbody than by the conventional afterbody.
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CONCLUSIONS

Results of tank tests to determine the effect of
varying desizn parameters of planing-tail hulls led to
the following conclusions:

1. The effect of varying design parameters indicated
(a) Increasing the angle of afterbody keel had
small effect on hump resistance but produced 2
secondary peak in the curves of free-to-trim resistance
at the intermediate planing range. At best trim
only a slight increase in reslstance at plsning speeds
was noted as angle of afterbody keel was increased.
angle of afterbedy keel had no effect on high-speed
resistance.

(b) Increasing the depth of step increased
hump resistance. FPree-to-trim resistance in the
intermediate planing range was ineressed in a
similar manner for depth of step as for angle of
afterbody keel. DEest-trim resistance was little

affected at high speeds.

(c) Omitting the chines on the forward 25 perecent
of the afterbody had nc apprecisble effect on
resistance. Omitting the forward 70 percent of the
chines caused the humpn to occur at a higher speed,
broadenad the hump, but had almost no effect on
maximum resistance. Spray around the afterbody
increased with 70 percent of the chines remcoved.

(d) Load-resistance ratio at the hump decreased
mere rapidly with increasing load coefficient for
the planing-tail hull than for the representative
conventional hull, although the load-resistance
ratio at the hump was greater for the planing-
tall hull than for the conventicnal hull throughout
the range of loads tested. At sreeds higher than
hump speed, load-resistance ratio for the planing-
tail hull was 2 maximum at a particular gross load
and was slightly less at heavier gnd lighter gross
losads.

2. A comparison of a planing-tail and a conventional
hull showed
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(a) The planing-tail hull had lower best-trim
resistance at the hump and at high speed with little
difference in resistance throughout the intermediate
planing range.

(b) The planing-tail hull had lower free-to-
trim resistance than the best-trim resistance of the
conventional hull at the hump and at high speed with
higher resistance in the intermediste planing range.

(c) The planing-tail hull had lower hump
resistance primarily because of the ability of its
afterbody to take a greater percentage of the totdl
load while maintaining a higher load-resistance
ratio than the conventional afterbody.

Langley Memorial Aeronautical Laboratory

b

National Advisory Committee For Aeronautics
Langley Field, Va., April 30, 1946
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TABLE I

PERTINENT MODEL DIMENSICNS AND PARAMETERS

Laniiéiltank (dgg) (dgg) (ig.) (iﬁ.) (ii.) (%23) CAO
1634-1 0 4.95 &.5 6.0 { L6.0] 1.00/1.00
1634-6 2 6.93 L.5 | 6.0 | L46.0[Pa.1ll1.00
163A-11 L 8.90| L.5 | 6.0 | L6.0] 1.50{1.00
16%A-16 6 110.88! .5 | 6.0 | L4A.0| 5.4011.00
1634-3 0 7.1%3{ 6.5 | 6.0 | 6.0} 0.50!1.00
1634-13 L |11.05| 6.5 | 6.0 | L6.0| L1.90{1.00
1634~11A I 8.90! L.5 {13.0 | 39.0f 2.85!1.00
163a-118 | L | 8.90{ L.5 |36.L | 15.6| 3.60{1.00
1634-11 L 8.9¢f L.5 | 6.c | Lé.of| L.6é0 0.75j
16%3a-11 L 8.90f lt.5 | 6.0 | L6.0l LL.5011.25

a . | R

Locations of center of moments given are ones that
glve 2 minimum value for peak resistance with
the model free to trim.

D . .
Distances measured aft of step are considered negative.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 3.- Resistance, trimming-moment, and draft characteristics of
model 163A-1 at fixed trim. Gross load coefficient, 1.00.
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Figure 4.~ Resistance, trimming-moment, and draft characteristics of
- model 163A-6 at fixed trim. Gross load coefficient, 1.00.
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Figure 5.- Resistance, trimming-moment, and draft characteristics of
model 163A-11 at fixed trim. Grosg load coefficient, 0.75.
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Figure 27.- Comparison of best-trim resistance characteristics
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