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REPORT 1355

A THEORETICAL AND EXPERIMENTAL STUDY OF PLANING SURFACES INCLUDING EFFECTS
OF CROSS SECTION AND PLAN FORM'*

By CuarrLes L. SHUFORD, Jr.

SUMMARY

A summary is given of the background and present status of

the pure-planing theory for rectangular flat plates and V-bottom
surfaces.  The equations reviewed are compared with experi-
ment. In order to extend the range of available planing data,
the principal planing characteristics for models having sharp
chines have been obtained for a rectangular flat and two V-
bottom surfaces having constant angles of dead rise of 20° and
40°.  Planing data were also obtained for flat-plate surfaces
with very slightly rounded chines for which decreased [ift and
drag coefficients are obtained.

A revision of the theory presented in NACA Technical Note
3233 is presented for the rectangular flat plate. The revised
theory bases the aerodynamic suction effects on the total [ift
rather than solely on the linear component. Also a crossflow
drag coefficient which vs dependent on the shape of the chines
was found from expervment to be constant for a given immersed
cross section; however, for surfaces, such as those having
horizontal chine flare or vertical chine strips, the crossflow
drag coefficient is constant only for the chine-immersed condi-
tion. The theory is extended to include triangular flat plates
planing with base forward and V-shaped prismatic surfaces
having a constant angle of dead rise, horizontal chine flare, or
vertical chine strips. A method is also presented for estimating
the center of pressure for surfaces having either rectangular or
triangular plan form. The results calculated by the proposed
theory have been correlated only with the data considered to be
pure planing; however, for conditions not considered pure plan-
ing, a method is given for estimating the effects of buoyancy.
The agreement between the results caleulated by the proposed
theory and the experimental data s, in general, good for
caleulations of pure-planing lift and center-of-pressure location
for flat plate, V-bottom, and related planing surfaces.

INTRODUCTION

Recent developments in water-based aireraft have resulted
in configurations utilizing planing surfaces operating at
angles of trim, length-beam ratio, and Froude number
beyond those for which most of the available planing theories
were correlated with experimental data. In reference 1
a preliminary review of these theories for a pure-planing
rectangular flat plate was made to determine whether
available planing theories were adequate in estimating the

! Supersedes NACA Technical Note 3939 by Charles L. Shuford, Jr., 1957.
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planing lift in these extended ranges. In addition to this
review, a modification and addition to existing theory which
is useful in predicting the lift and center of pressure for
pure-planing rectangular flat plates was presented.

The review in reference 1 indicated there were no data
available in the extended ranges of combined high trim and
high length-beam ratios; consequently, the principal planing
characteristics for models having sharp chines have been
obtained in these extended ranges for a rectangular flat and
two V-bottom surfaces. It was also noted in reference 1
that there was a difference in the lift coefficients obtained
from various experimental investigations; therefore, data
have been obtained for rectangular flat-plate surfaces having
very slightly rounded chines to determine the influence of
slight differences in construction at the point of flow separa-
tion on the lift coefficient.

The review of existing theories and data has been extended
to include those applicable to V-bottom surfaces. The
theory presented in reference 1 for estimating the lift and
center-of-pressure location of a pure-planing rectangular
flat plate has been revised and extended to include triangular
flat plates planing with base forward and V-shaped prismatic
surfaces having a constant angle of dead rise, horizontal
chine flare, or vertical chine strips. Since water-based
aircraft operate at low Froude numbers as well as high
Froude numbers, an approximate method has also been pre-
sented for estimating the effect of buoyancy on lift coefficient.

SYMBOLS

S

il aspect ratio, =
m
A, ratio of maximum beam to overall length (see
fig. 40)

b beam of planing surface, ft

ot D
Cop drag coefficient based on square of beam, g

q

Co,e crossflow drag coefficient
(Cb .)g=0 crossflow drag coefficient for a cross section

having an effective angle of dead rise of 0°

Co.s drag coefficient based on principal wetted area,
D
0
Cbp.s induced drag coefficient, O, s tan
b skin-friction coefficient, O s—Cp, s tan =
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lift coefficient

; w 75, .

lift coeflicient due to buoyancy, 2 (see eq. (31))

k (IAS

qb*

lift coefficient based on principal wetted area,
L
(IASv

lift coefficient due to buoyancy based on total
wedge-shaped volumetrie displacement of the

lift coeflicient based on square of beam,

. : Ly, .
planing surface, *q‘S’I (see eqs. (28) to (30))

speed coefficient or Froude number, ——
vgb

drag of planing surface, 1b

dead-rise function (applied only to crossflow
term, sce fig. 2)

acceleration due to gravity, 32.2 ft/sec?

dead-rise function (applied only to linear term,
see fig. 1)

lift of planing surface, b

lift due to buoyancy, 1b

lift due to buoyvancy based on total wedge-
shaped volumetrice displacement of the plan-
ing surface, 1b

length of planing surface, ft

chine wetted length, ft

keel wetted length, ft

mean wetted length (distance from aft end of
planing surface to the mean of the heavy
spray line), ft

center-of-pressure location (measured forward
of trailing edge), {t

nondimensional center-of-pressure location
normal force, 1b

free-stream dynamie pressure, ‘Iip\"". Ih/sq ft

Reynolds number, —"

principal wetted area (bounded by trailing
edge, chines, and heavy spray line), sq ft

horizontal velocity, ft/sec

angle of dead rise, radians unless otherwise
stated

effective angle of dead rise (angle between a
straight Iine drawn from keel to the chines
and the horizontal), radians unless otherwise
stated

basic angle of dead rise (angle between V-
shaped portion of model and a horizontal line
perpendicular to keel), radians unless other-
wise stated

mass density of water, slugs/cu {t

trim (angle between planing bottom and hori-
zontal), radians unless otherwise stated

Kinematic viscosity, sq {t/sec

9 used to indicate various terms in equations for

lift coeflicient

REVIEW OF EXISTING PLANING-LIFT THEORY

In reference 1 the pure-planing lift equations for rectangu-
lar flat plates presented in references 2 to 11 were reviewed
and compared with experiment. In addition to lift theories
for rectangular flat plates, the present review considers V-
shaped surfaces having a constant angle of dead rise and
V-shaped surfaces having horizontal chine flare.

Since publication of reference 1, Farshing (ref. 12) pre-
sented a cubic equation for the lift on rectangular flat plates
derived from a consideration of deflected mass and based on
an effective angle of attack. The equation has the form

O [(2.292— 1,571 4)r—2.3T9—A] O -1~
[2A+4+ (6.2834—4.584)7]C,—6.283A7=0 (1)

However, the lift coefficient obtained from equation (1) was
multiplied by an empirical factor to get better agreement with
experimental data; thus,

(VL.S*_ (YI.E (2)

where

- 14+.4° .
£=1.359—t nh( :1 ) 2e=7=18%) (3)

see

1+ A4° r—18° 1
=1.359—ts ‘ (-, ¢ - 8°=7r=<30°
35 tanh ( 34 )—}— 90.53 ) tanh 1T (18° = 7 <30°)

(4)

and 7 1s measured in degrees.

P. R. Crewe of Sanders-Roe Ltd. (British) in correspond-
ence with the Langley Laboratory proposed an equation for
rectangular flat plates and a V-shaped surface having a basic
angle of dead rise of 20° and horizontal chine flare that had
a linear term with a form analogous to airfoil lifting-surface
theory. This equation, based on the data of Kapryan and
Weinstein (ref. 13), is

. N .
(ps=sinrtcosr|—= 1 = ( l_bm,‘,_()_*_
ur / 2\ \ T
1-{—,\; 1+<1)
2 sin 7— 3 sin? T:' (5)
where
B—2167 (A< 2.0)

and By 1s the basic angle of dead rise in radians for a model
having horizontal chine flare.

In reference 14, Korvin-Kroukovsky, Savitsky, and
L.ehman proposed an equation for rectangular flat plates and
V-shaped surfaces having a constant angle of dead rise that
was derived primarily on the basis of the data of Sottorf
. 15) and Sambraus (ref. 16). This formula can be
written as

ref

5 \ 0.012(57.37)t-1710-6
C.s=0.012(57.37) !+ A%5—0.0065(57.36) A [ 012(57.37) ]

A0-5
(6)
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Locke (ref. 17) proposed that the lift characteristics of
rectangular flat plates and V-shaped surfaces having a
constant angle of dead rise can be presented by a power
function of the form

T =05 (1—53) K (7)
i

where K and 7 depend only on aspect ratio and are obtained
from curves given in reference 17.

Schnitzer (ref. 18) presented an equation for rectangular
flat plates and V-shaped surfaces which was derived from. a
consideration of two-dimensional deflected mass and was
modified for three-dimensional flow by Pabst’s empirical
aspect-ratio correction factor (ref. 19) and Bobyleft’s flow
coefficients presented in reference 20. The equation can be

written in the form:
3
1) tan 6] =+

COp s=A¢ cos? 7 sin 7 {Z [(2%._
B <~ tan r———ilp 6)}

The term ¢, which is dependent on aspect ratio, and the
term. B, which is dependent on angle of dead rise, are given

in references 19 and 20, respectively. For the case of :
flat-plate planing surface, equation (8) reduces to
; BA . 5 e :
. s=o 16 sin 7 cos? 7-+0.88 sin? 7 cos 7 9)
¢ )

In reference 21, Brown presented empirical equations
based on deflected-mass considerations for rectangular flat
plates and V-shaped surfaces having a constant angle of
dead rise. The equations for a flat plate can be written in
the form:

)
> T
e s =—— SR L

cot - +r-[—< ((\l —T /—[;'1

=) (10)

and

O, s= (1.67 sin 74-0.09) sin r cos T(1~lﬁ>+
2r b
l— (lm‘— ) (11)

3 cot -

NI

For a surface having a constant angle of dead rise,

'1,,.s~:3~6'/;f cot?B sin®r(1—sin 7) cos (=l o) (12)

and

28N : s
(',“_\:[1.(‘”(1— f)sm T—H).()Q] SN 7 ¢OS r(‘l— '/[ ,)_+_

0.¢

(U=l or) (13)

k

where
b ;
lr.cr=75cOt 7 tan B (14)

which is defined as the eritical keel wetted length. For
surfaces having a constant angle of dead rise and a transverse
step, the critical keel wetted length is defined as the keel
wetted length at which the stillwater line passes through
the rearmost point of the chine. For the flat plate the value
of the critical keel wetted length was assumed, after analysis
of experimental data, to be equal to the beam.

PROPOSED THEORY
LIFT

In reference 1 an equation for the lift on a rectangular
flat plate was developed from a consideration of linear and
nonlinear components of lift (an approach generally used in
low-aspect-ratio and slender-body airfoil theory). In the
present report this equation is revised and extended to
include V-bottom surfaces. The equation is divided into
three parts: (1) a reasonably accurate approximation to the
linear components of lift is made; (2) a method for caleulating
the crossflow effects is presented; and (3) an estimation of
the aerodynamic leading-edge suction is made.

Linear term.—The lmm,r term 1s determined refer-
ence 1 from a consideration of the lifting-line theory and
given by

: __O..")ﬂ';l'r
ilSr =

1+4 (2
This relation gives the linear component of lift on a pure-
planing flat plate.

In references 3 and 18, a dead-rise function was determined
from a consideration of an iterative solution made by
Wagner (ref. 2) for the impact force on a V-bottom surface
immersing with a constant vertical velocity. The dead-rise

Ly

This dead-rise function (developed for application to equa-
tions derived from virtual mass concepts) does not correlate
well with experiment when applied to equation (15) for
angles of dead rise above approximately 25°.  Therefore,

function can be written

K() = (‘

another dead-rise function ]—<i|1 B, which correlates well

with experiment up to angles of dead rise of 50° is used;

thus,

0. .)mlr

',4,-_,— = (1—sin B,) (16)

This expression is for the linear component of lift on rec-
tangular flat and V-bottom planing surfaces. A comparison
of the dead-rise function 1 —sin B, with the dead-rise function

based on Wagner’s solution is given in figure 1.
Crossflow effects.—For a simple theoretical considera-

tion of the crossflow effects, the velocity component perpen-
dicular to the surface of a flat plate is assumed to be of the

magnitude V sin 7. The flow is projected into components
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perpendicular to and parallel to the planing surface, and the
drag force associated with the flow perpendicular to the
planing surface is calculated. The normal force on a flat
plate, therefore, is

N=0b,. £ S(V sin 7)?

Then

CpL.3s=Cp ., sin’r cos 7 (17)

is a lift coefficient due to crossflow effects, and is proportional
to sin®7. This relation is the concept presented for airfoils by
Betz in reference 22. The crossflow drag coefficient (7, .
used in this elementary derivation of the crossflow term was
assumed in reference 1 to be one-half the value (7, ;=2 gen-
erally used for aerodynamic surfaces. The value of (), .
is known to vary with the shape of the cross section and to be
sensitive to local shape at the edges. Since the theoretical
determination of these effects is very difficult and the simple
cases which have been solved have not correlated with ex-
periment, the analysis of suitable experiments will generally
provide the easiest and most accurate method of determining
CUb, .

For the case of the V-bottom the theoretical effect of dead
rise is given by Bobyleff in reference 20 for a bent lamina, the
section of which consists of two equal straight lines forming
an angle.  Bobyleft’s flow coefficient, which can be approxi-
mated by cos B, (see fig. 2), represents the ratio of the result-
ant pressure on a V-bottom to that experienced by a flat
plate of the same beam in normal flow; thus,

Cr4=(Cp c)s,=o SIN*1 COS T cOS B, (18)

which 1s the crossflow component of lift.

Suction component of lift.—An airfoil has a suction com-
ponent of lift due to the large negative pressures produced
by the flow around the leading edge of the airfoil; however,
for a planing surface where there is no flow around the lead-
ing edge, this suction does not appear. In the strictest sense
the suction component of lift should be based only on the
linear term (see ref. 1); however, comparison of experiment
with theory indicates that better agreement is obtained if the
suction component of lift is based on (', .+ (', ;. Therefore,
the lift is less than that predicted by equations (16) and (18)
by an amount

Cps=(Cp o+ ) sin?y (19)
Total lift.—The total lift on pure-planing surfaces can be
obtained from the sum of the linear component of lift (eq.

(16)) and the crossflow effects (eq. (18)) minus the suction
component of lift (eq. (19)); thus, by combining terms

0.5 A o
('H:[ LSk (1—sin B, )]+

14+ A (20)
[(Cp,)s,—0 COS*T sin®r cos B]
( '14‘.\':7 ( '1..'14' ( v/.. %
where
' 0.5rAr cos?r (1 ine) 1)
— - cos?r (1—s 2
L,6 l—* 4“ € \

and
('1,.7: (('n,p)de:o cos’r sin“r cos Be (22)

For equation (20) to predict adequately the lift on triangu-
lar surfaces planing with base forward, it has been necessary
to define the aspect ratio as the ratio of maximum beam to
overall length; that is, A,=b/L.

APPLICATION OF LIFT THEORY

In order to use equation (20) to predict the lift of planing
surfaces, only the determination of the proper value of (7, . is
required. Values of (7, , for various chine configurations for
which experimental data are available are presented in
figure 3. For a given model (75 . did not vary with trim or
length-beam ratio. Also it can be seen that, as long as the
angle of dead rise was constant for the entire beam, (5, .
did not vary with the angle of dead rise.

Rectangular flat and V-bottom surfaces having a constant
angle of dead rise.—The crossflow drag coefficient for the
sharp-chine models was determined from tests (from ref.
23 and data presented in the present report) to be 4/3.  This
value is two-thirds the value given for a two-dimensional
flat-plate airfoil; thus, from equation (20)

0.5 ) . . . .
Grh— lzr ir cos?r(1—sin [3()—}—% sin’r cos®r cos B, (23)

The relative magnitudes of the total lift (eq. (23)), the
total lift before removal of lift due to leading-edge suction

(v(]. (16) plus eq. (18) with (',”:_i;), and the crossflow term

<oq. (22) with (',,,,,:é> is shown in figure 4 for surfaces hav-
ing angles of dead rise of 0°, 20° and 40°.

Horizontal chine flare.—The total lift on a pure-planing
V-shaped prismatic surface with horizontal chine flare similar
to the models shown in figure 5 can be determined from equa-
tion (20). The crosstlow drag coefficients ), . determined
from data presented in references 13, 24, and 25 are given
in figure 3.

Vertical chine strips.—The total lift on a pure-planing
V-shaped prismatic surface with vertical chine strips similar
to the models shown in figure 6 can be determined from
equation (20). The crossflow drag coefficients determined
from the data presented in references 25 and 26 are given
in figure 3.

Triangular flat plate.—The total lift on a pure-planing
triangular flat plate planing with base forward can be esti-
mated from equation (23) if the aspect ratio is defined as the
ratio of the maximum beam to the overall length or A, =b//;
thus,

0.5
B AT

: 4
cos?r -

cos’r sin’r (24)
]’f41, o :

CENTER OF PRESSURE

The center of pressure on a planing surface may be deter-
mined from the lift coefficients given by equations (21) and
(22) and by estimating the location of the center of pressure
of these two components of the total lift coefficient for a
given planing-surface plan form.
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Rectangular plan form.—The center of pressure of the
component of lift given by equation (21) is assumed to be
located at seven-eighths of the mean wetted length from the
trailing edge of the planing surface. This location is between
the three-quarter-chord position generally assumed in lifting-
line theory and the position obtained from the prediction of
no lift behind the section maximum width for low-aspect-
ratio airfoils (ref. 27).

The center of pressure for the lift due to crossflow effects
is generally assumed to be located at the center of the area
in airfoil theory. Therefore, the center of pressure for the
component of lift given by equation (22) is assumed to be
located at the center of the mean wetted length; thus,

e+(

[cp> -
= — 28
< cale (Y L,S ( ))

where (g is given by equation (21), Cy, ; is given by equa-
tion (22), and O}, s 1s given by equation (20).

Triangular plan form.—The center of pressure of the
component of lift given by the first term on the right-hand
side of equation (24) is assumed to be located at the mean
of the heavy spray line which is approximately the section
of maximum wetted width.

The center of pressure for the component of lift given by
the second term on the right-hand side of equation (24)
(that is, the crossflow term) is assumed to be at approxi-
mately the center of the wetted area: thus,

oL i
L,8+§ ¢ YL 9
(74 we il 9
(lm >calc (VLS (HG)

and is the center-of-pressure location for triangular flat
plates planing with base forward. The value of (s
determined from equation (24) where Cp, s and (' 4 are given
by the first and second terms on the right-hand side of equa-
tion (24), respectively.

COMPARISON OF PROPOSED AND PREVIOUS PLANING FORMULAS

A comparison of the values of lift coefficient (plotted
against trim for constant length-beam ratio) caleulated from
the proposed theory (eq. (20)) and from previous summarized
planing formulas is given in figures 7 to 10 and an index to the
comparison is given in the following table:

| Equation (20)* compared with planing for-
mulas presented in—

Lift coeffi-

|
‘ cient values
Configuration et = . presented in
| figure—
i Reference Equation ‘
T i U ) PETT | i
| 4,5, 6, and 7 e 7(a)
| 8, 9, and 10 e 7(b)
Rectangular flat plate S UL ¥ (9) 7(c)
| R e s S @), ®), dll(l (h) 7(d) ‘
‘ 1 7(e)
[ 11 ]
V-shaped surface having | - .____________ ; ( 8(a)
a constant Anglc Y R R B N RS (8), 8(h)
dead rise of 20° [
S mud mrm lm\ 13572 | S R S (6) AI!(] (7) 9(a)
| a constant angleofdead | .__________.___ - (8), (12), and (13) 9(b)
| rise of 40° !
V-shaped surface having | .__________.____ (5) %% 10

an angle of dead rise of | |
20° and horizontal chine |
flare (8.,=16°) |

|

*Value of Cp,c of % (see eq. (23)) used unless otherwise noted.

**Lift coefficients were not plotted since the results depended on the airfoil data used.
***Value of Cp,. of 1.59 used in equation (20),

In figure 11 the values of lift coefficient (plotted against
mean-wetted-length—beam ratio for constant trim) cal-
culated from the proposed theory (eq. (23)) and planing
formulas as presented in references 14, 17, 18, and 21 are
compared with the data of the present report (see tables
I(a), II, and III) and references 23 and 28 for models having
angles of dead rise of 0° (fig. 11(a)), 20° (fig. 11(b)), and
40° (fig. 11(c)). Only the theories that apply to both flat-
plate and V-shaped surfaces have been compared in figure 11.

It can be seen from figures 11 (a) to 11(c) that none of the
planing formulas presented in references 14, 17, 18, and 21
are adequate for estimating the lift coefficients for either
flat-plate or V-bottom planing surfaces, whereas the lift co-
efficients calculated from the equation proposed in the present
report (eq. (23)) agree very well with experiment. The
equation presented in reference 12 (eq. (2)), however, gives
a good approximation of the lift coefficient for a flat plate.

(See fig. 7(d).)

EXPERIMENTAL INVESTIGATION
DESCRIPTION OF MODELS

The models used for this investigation had a beam of 4
inches and a length of 36 inches. The models shown in
figure 12 for a flat plate and surfaces having angles of dead
rise of 20° and 40° were constructed of brass and are the
same models investigated in references 23 and 28. Addi-
tional flat-plate models that had sharp chines, %-inch-radius
chines, and ¥e-inch-radius chines were constructed of plastic.
(See flg‘ 13.) The model with the }-inch-radius chines was
made by rounding the chines on the sharp-chine model after
the tests with the sharp-chine model had been completed.
The plastic models were backed with a J-inch reinforcing
steel plate.

APPARATUS AND PROCEDURES

The oq)orim(*ntal investigation was made with the main
towing carriage in Langley tank no. 2 and existing strain-gage
balances which independently measured the lift, drag, and
moment. The lift and drag were measured with the balances
capable of measuring: (1) 600 pounds of lift and 250 pounds
of drag, and (2) 1,000 pounds of lift and 600 pounds of drag.
The moment was measured about an arbitrary point above
the model. The tests were made with the wind and spray
shield installed, as shown in figure 14, unless otherwise
indicated.

The wetted areas were determined from underwater photo-
graphs made with a 70-millimeter camera mounted in a
waterproof box located at the bottom of the tank. The
camera and high-speed flash lamps were set off by the action
of the carriage interrupting a photoelectric beam. The
wetted length was obtained from markings on the bottom of
the models. In order to assure a very smooth bottom, the
markings on the brass models were erased except in the region
of the heavy spray line. (See fig. 15.) The plastic models
had markings each ¥ inch for the full length of the models.

The force measurements were made at constant speeds for
fixed angles of trim. The change in trim due to structural
deflection caused by the lift and drag forces on the model
was obtained during the calibration of the balances and the
trim of the model was adjusted accordingly before each run.
Slight adjustments to lift and resistance to correct the data
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to the desired trim were made after completion of tests for
the cases where the forces or center-of-pressure location were
different from the values used to estimate the trim due to
structural deflection. The change in trim due to structural
deflection did not exceed 0.2° for most conditions although
in a few cases changes up to 0.6° occurred.

The aerodynamic forces on the model and towing gear
were found to be negligible when the wind sereen was used.
The aerodynamic tares were subtracted from the data when
the wind screen was not used.

The accuracy of the quantities measured are believed to
be within the following limits:

Lift, 1b_ _ _ o £5. 0
Resistance, 1b +3.0
Trimming moment, ft-1b +3. 0
Wetted length, ft +0. 01
Trim, deg +0. 15
Speed, ft/sec__ . . +0. 20

The forces were converted to coeflicient form by using ¢
measured value of density of 1.942 slugs/cu ft. The kine-
matic viscosity measured during the tests varied from
1.53 1077 sq ft/sec to 1.80 <1077 sq ft/sec.

RESULTS AND DISCUSSION
GENERAL

The lift coefficient, resistance coeflicient, ratio of wetted
length to beam, ratio of center-of-pressure location to mean
wetted length, speed coeflicient, and kinematic viscosity are
presented at given trims in tables I to III for all models.
The lift and drag coefficients are expressed both in terms of
the square of the beam and in terms of principal wetted area.

Sharp chines.—The lift coeflicients and center-of-pressure
location for the sharp-chine models are considered in the
section “Comparison of Theory and Experiment for Lift.”

The resistance data for the sharp-chine brass models having
constant angles of dead rise of 0°, 20°, and 40° are presented
in figure 16 as plots of the variation of drag coeflicient
('p.s and induced drag coefficient (', ; (which is equal to
('p s tan 7) with mean-wetted-length—beam ratios for given
trims.  The difference between the solid and dashed lines
represents the friction drag. (Since the data were obtained
for speeds above the critical speed of wave propagation for
the 6-foot-deep tank, there is no wave drag due to transverse
waves included; however, there may be some drag due to
spray or other causes included in this difference.) At high
trims and low length-beam ratios the induced drag exceeds
the total drag and indicates an apparent negative friction
force. (This result was previously reported in ref. 23.) The
volume of forward spray is large at high trims and appears to
have a high forward velocity with respect to the model. The
relative velocity of the model in the region of forward spray
therefore is effectively reversed (see fig. 17) so that the
friction drag due to this spray acts in a direction opposite
to that of the drag in the principal wetted area and thereby
reduces the total drag. Therefore, at low length-beam
ratios where the friction drag is small, this negative friction
drag due to forward spray may cause a negative friction force
at high trims.

” 0 —l. . 2 .
The variation of A/ “ with trim for the models having
)

sharp chines and constant angles of dead rise of 0°, 20°, and
40° is given in figure 18. At a trim of 12° the value of

/;- o oe . 9 .
- 54 is approximately constant for all length-beam ratios for

the models having constant angles of dead rise of 0°, 20°, or
. 2 Li—1,

40°. At high trims, however, the values of — “ for the flat-

plate model increase with increase in length-beam ratio, are

approximately constant for a given trim for a model having a

constant angle of dead rise of 20°, and decrease with an in-

crease in length-beam ratio for a model having a constant

R T l—1,
angle of dead rise of 40°.  The value of “—~° for the flat-plate

b
model decreases with increase in trim at low length-beam
ratios and increases with increase in trim at high length-

: 1 L
beam ratios; however, the value of ; ¢ decreases with in-
)

crease in trim for all length-beam ratios for the models hav-
ing constant angles of dead rise of 20° and 40°.

Wind screen and spray shield.—The lift coefficient for
the flat-plate model with wind screen and spray shield
removed (aerodynamic tares subtracted) was approximately
the same as the lift coeflicient obtained when the wind screen
and spray shield were used. (See fig. 19.) At a trim of 12°
the drag coefficient for the flat-plate model with the wind
screen removed was approximately the same as the drag
coefficient obtained with the wind screen installed (see fig.
20); however, for a trim of 18° the drag coefficient of the flat
plate with the wind screen removed was less than that
obtained when the wind sereen was used even before the
aerodynamic tares were subtracted. The value of the dif-
ference is in the wrong direction to be explained by the aero-
dynamic tares. (The aerodynamic tares subtracted were
less than the difference in fig. 20.) The variation of the
center-of-pressure location with mean length-beam ratio on
the flat-plate model was approximately the same for data
taken with and without the wind sereen and spray shield
installed.  (See fig. 21.)

Speed.—The effect of speed at high trims (24°) is shown
in figures 22 to 24. The variation of lift coeflicient, drag
coefficient, and center-of-pressure location is approximately
the same for speeds of 30 and 60 feet per second for 4-inch-
beam prismatic models having constant angles of dead rise of
0°, 20° and 40°; therefore, there was apparently no speed
effect for this range of speeds.

Rounded chines.—The effect of %s-inch-radius and Y-
inch-radius chines on the lift coeflicient, drag coeflicient,
center-of-pressure location, skin-friction coefficient, and lift-
drag ratio of a 4-inch-beam rectangular flat plate is shown in
figures 25 to 29.  Rounding the sharp chines of the flat-plate
model to radii of %, inch and Ys inch resulted in a de-
crease in lift and drag coeflicients; however, the center-of-
pressure location, skin-friction coeflicients, and lift-drag
ratios remained approximately the same. A decrease in lift
of approximately 5 and 9 percent resulted from rounding the
sharp chines to a radii of %, inch and }4sinch, respectively.
(See fig. 25.) A decrease in lift for a small rounding of the
chines was also observed by Perry (ref. 29).

The variation of skin-friction coefficient with Reynolds
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number for a trim of 8° is presented in figure 28 for a flat-
plate model having sharp chines and Ye-inch-radius chines.
The agreement between the data and the Schoenherr turbu-
lent-flow line indicates that, at low trims and high Reynolds
numbers, the drag can be calculated with reasonable accu-
racy from

Ops=0,+0p s tan 7 (27)

where (7 is determined from the Schoenherr turbulent flow
line. (See ref. 30.) The lift-drag ratios at high trims are
influenced little by the chine condition; however, at low
trims (8°) the lift-drag ratios for the sharp-chine models are
slightly higher than those for models having rounded chines.
(See fig. 29.)

Pure planing.—The experimental data were considered
as pure planing if the lift coefficient due to buoyancy based
on the total wedge-shaped volumetric displacement of the
planing surface (', y,; did not exceed a given value. The lift
coefficient due to buoyancy was calculated from the wedge-
shaped volumetric displacement of the planing surface below
the level water surface given by

v Lol
Ly =7 gaaSin 27 (28)
2

for rectangular flat plates and

1 s s 1
L vor= = [ e = (0 ) b 2¢
Cr.vol D) (,‘_2[ p Sin _r—{—:;(_/mL/A) tan B] (29)
for rectangular surfaces having dead rise and
: ol
(LJmﬁszfiﬁS”lgT (30)

for triangular flat plates with straight leading edge and
pointed trailing edge.

The allowable lift coefficient due to buoyancy (', y,;, as
determined from equations (28) to (30), was arbitrarily
selected as 0.01 at a trim of 16°. The maximum allowable
lift coeficient due to buoyancy (7 v, for other trims was
determined by drawing a straight line from zero trim (and
zero lift coefficient due to buoyancy (7 y,,) through the
value 0.01 at a trim of 16° on a curve of the variation of lift
coefficient with trim. For the flat-plate data the maximum
allowable lift coefficient due to buoyancy (7, ,, selected
by this method at a trim of 2° varied from 16 percent of the
predicted lift coefficient at a length-beam ratio of 8 to 3.3
percent of predicted lift coefficient (eq. (23)) at a length-
beam ratio of %. These values decreased with increasing
trim so that at 30° they would vary from 6.6 percent at a
length-beam ratio of 8 to 3.0 percent at a length-beam
ratio of %. The permissible lift coeflicient for surfaces having
dead rise is, in general, a slightly greater percentage of the
predicted lift coeflicient than the values given for the
rectangular flat plate.

459901 —58—2

Buoyancy.—The experimental lift coefficients given in
reference 31 less the lift coefficients calculated from equation
(20) with Cp ,=1.15 plotted against the lift coeflicient due
to buoyancy (7, y, calculated from equation (28) are
plotted in figure 30. Since equation (20) with (), ,=1.15
is approximately the pure-planing lift for the model inves-
tigated in reference 31 (see fig. 32 (¢)), the subtraction of
this value from the experimental lift coefficients should
indicate the amount of lift due to buoyaney present in the
data. Only values of the difference between the experi-
mental lift coefficient and the calculated lift coefficient
greater than 0.01 are considered since, for small differences
between experimental and caleulated values, this method
is not considered to be sufficiently accurate to determine
the lift coefficient due to buoyancy present in the experi-
mental data; however, this method should give reasonably
accurate indications of the lift coefficient due to buoyancy
present in the experimental data for the cases where the lift
coefficient due to buoyancy is large. Figure 30 shows that
the magnitude of the lift coefficient due to buoyancy for
different speeds is approximately one-half the lift due to
buoyancy based on the total wedge-shaped volumetric dis-
placement computed by equation (28); therefore, a rough
empirical approximation of the increase in lift coeflicient
due to buoyancy can be calculated with reasonable accuracy
from

1

(VL, B

L, Vol (+=82:0,=3) (31)
where (', ,; is given in equations (28) to (30). For low
trims (4°) a lift coefficient due to buoyancy greater than
that given by equation (31) is required to account for the
additional lift coefficient due to buoyancy as indicated by
the flagged symbols in figure 30.
COMPARISON OF THEORY AND EXPERIMENT

Lift.—Only the experimental data indicated as pure planing
by the method discussed in the preceding section are con-
sidered for the comparison with theory. Also, the data
considered are only for the chine-immersed condition. The
theory is applicable to the non-chine-immersed condition;
however, for surfaces having other than a constant angle of
dead rise such as those having horizontal chine flare or
vertical chine strips, the shape of the cross section varies,
and, therefore, the crossflow drag coefficient would not be
the same value as that determined for the chine-immersed
condition. The values were calculated from the proposed
theory as if there were no non-chine-immersed conditions.
For the non-chine-immersed condition, the lift coefficient
for a surface having a constant angle of dead rise is approx-
imately the value determined at the instant of chine immer-
sion and is a constant for a given trim and angle of dead rise.
(The length-beam ratio is approximately a constant value
for all non-chine-immersed conditions for a given trim and
angle of dead rise.)

In order to simplify the comparison, the data are sum-
marized in the following table:
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e EE—— - — “ . —— — S =
Data to be compared— |
el B | Data presented |
Configuration Description of model used in figure— | Remarks [
Equation of Experimental data [
present paper— of reference—
4-inch-beam brass model [} = |fecececomomoo_ . 31 (a) {;\grcvnu-nl good except at trims above approximately ‘
| Sharp chine plasticmodel @ || | |eccooo o __ 31 (b) i 30° at large length-beam ratios |
4-inch-beam brass model I (23) | 31 (¢) Agreement good |
Various models \l’ 32, 31, 33, 34, 16, 15, 31 (d) to 31 (k) ‘ Agreement good; some differences with wooden |
and 25 models |
4-inch-beam plastic model with Present paper 32 (a) and 32 (b) | Cp,.reduced to 1.15 and 1.20 |
Rectangular flat plate {g-inch-radius chines and 61- |
| inch-radius chines (20) Models used in reference data had either slightly |
| rounded or roughened chines and reduced values of
| Wooden model (same model used , 32, and 35 32 (c) to 32 (e) Cp,.resulted. In case of reference 35 the chines had
in both ref. 31 and 35) greater chine radius or roughness as a result of wear
in use; further reduction in Cp,. resulted.
| With angle of dead rise nf 20° ] ind 25 ,\gm ment good mcvpt for trims above approxi- |
| With angle of dead rise of 40° 28 and 25 mately 30°
Basic V-surface | L (23) 4 Agreement good for length-beam ratios above 3.0; ‘
| ) J l below this value the experimental data failed to |
| With angle of dead rise of 50° 36 35 show the usual increase in Cr as /b decreased.
\ \ | Similar effect s]mlnl\ evident in fig. 34 (b) for §=40°. |
. \H(ll an (‘ﬁn(tl\v .mg_h n_f dead cad | N o [ Q. * - 771 P .7 - 717 _i\ e
V-surface with horizon- | rise of 16° (Col v 2}']?“_ fron 13 and 25 [ 36 Agreement good
tal chine flare “rli[kl(l- ‘;)lfl;)(:g;:(dl\'c angle of dead [ fig. 3 1 24 and 25 37 | Agreement good
e e e e e e e = e — e = |
With an om'(tl\v angle of tlm(l X ST S |
V-surface with vertical rise of 15°33’ (Ch \<1)i)uv from l 2 28 ‘ Agreement good |
»hine stri P »ffe angle 0 <t ve 1 o . | |
chine strip “rlllgl(l\ 0\1_1}51( 11‘1’(11\1 angle of dead H fig. 3) | 2% | 39 ‘ Agreement good ‘
Triangular flat pl m- ‘Wooden sur Lm-x (\oo fig. 40) (24) 31 and unpublished | 41 | Agreement good up to trims of 16°. Values lower than
(base forward) tank no. 2 data | | those at trim of 20°; chines may be slightly rounded
‘ since they are made of wood.

Some of the experimental data that were obtained with
wooden models (for example, see ref. 31) were lower than
the values predicted by the proposed theory; this difference is
thought to be due to the influence of the local shape at the
edges (slightly rounded or roughened chines).

The effects of Reynolds number, scale, and nonuniform
chine radii on (', . have not been determined because of the
limited data available.

The lift on various pure-planing surfaces with rectangular
or triangular plan forms similar to those considered can be
estimated by changing the value of the crossflow drag
coeflicient (5, . for a given configuration. Values of the
crossflow drag coefficient should be determined from tests;
however, reasonably accurate approximations that are satis-
factory for engineering calculations can probably be made
(see fig. 3) that will approximate the pure-planing lift for
surfaces similar to those considered herein.

For planing surfaces that vary considerably from those

aspect ratio (for a given effective angle of dead rise) are
required to determine the value of 5 . from equation (20).
(The experimental values of lift coefficient, trim, aspect
ratio, and effective angle of dead rise are substituted into
equation (20), which is then solved for the value of (' ..)
Since the value of (75, is a constant for a given planing-
surface cross section, the lift coefficient for wide ranges of
trim and aspect ratio can then be estimated. If values of
(', . are obtained for two or more effective angles of dead
rise for a given type of planing surface, the value of (/. for
similar surfaces having a different effective angle of dead
:an be estimated by interpolation. Therefore, in order
to calculate the lift coefficient from equation (20) for wide
ranges of trim, length-beam ratio, and effective angle of dead
rise for a given family of planing surfaces, only a very few
test points are required.

Center-of-pressure location.—A comparison of theory and
experiment for the center of pressure is given in the following

rise

considered herein, only data for a given angle of trim and table:
S NV S — - [ T —
| Data to be compared— |
e = Data ‘ Remarks
\ Configuration Deseription of model used presented in |
| Equation of | Experimental data | figure— ‘
| | present of reference — | \
| paper (8) |
: l(wldnﬂul.n flat pl.ltv 4-inch-beam brass model (25) 1 23, il. and z, 42 | Good agreement
With angle n(mi( ad rise ufZU (25) 25 ‘m(l .7\ 43 (.oml agreeme nt
Basie V-surface With angle of dead rise of 40° (25) 25 and 28 44 Good agreement
| With angle of dead rise of 50° | (25) 36 45 Good agreement
| With an effective angle of (25) H mxl h 46 | (mmlduum«m
| V-surface with horizontal dead rise of 16° |
chine flare With an effective dll"](‘ of (25) 24 and 25 | 47 Good agreement
| ‘ (Iv'\(l rise of 32°47 1
‘ ‘ \\ ith an (m(nw mah- nl" (25) 26 48 (mml u..'lwnu-nl
i V-surface with vertical dead rise of 15°33’
[ chine strips With an effective angle of (25) 26 49 Good agreement,
| dead rise of 31°59
‘ l xmlwul.u ])].m !mm | \\ nmlr-n surfaces (see flﬂ' 4(” (26) | 31 and llIl]lllh]]\h('il w(J [ @ un(l agreement
[ [ tank no. 2 data
|

« The values of Cp,. for equation (25) were determined from figure 3.
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CONCLUDING REMARKS

The principal planing characteristics for models have been
obtained in extended ranges of trim and length-beam ratio
for a rectangular flat plate and two V-bottom surfaces;
therefore, force approximations for water-based aireraft can
be made in these extended ranges with more confidence. The
data obtained for rectangular-flat-plate surfaces having very
slightly rounded chines indicated that slight differences in
construction at the point of flow separation can result in
decreased lift and drag coefficients obtained for a given flat-
plate configuration; however, the center-of-pressure location,
skin-friction coeflicients, and lift-drag ratios remained approx-
imately the same for the trims tested (8° to 18°). These data
showed that slight differences in construction at the point
of flow separation were probably the reason for the differences
in experimental data obtained for a given configuration
by various experimenters.

The proposed theory appears to predict with engineering
accuracy the lift and center-of-pressure location of rectangu-

lar flat plates, triangular flat plates planing with base for-
ward, and V-shaped surfaces having a constant angle of
dead rise, horizontal chine flare, or vertical chine strips. A
reasonably accurate approximation can probably be made
for the crossflow drag coefficient of a given model that will
result in satisfactory engineering calculations of lift and
center of pressure for pure-planing surfaces similar to those
considered in the present report. Also, the proposed theory
(which can be applied to both the chine-immersed and the
non-chine-immersed condition) together with the method for
approximating the lift coefficient due to buoyancy gives a
reasonably accurate method for estimating the lift charac-
teristies of planing surfaces for a wide range of conditions.

IJAI\'GLEY .:&EI{OA\';\UTIC.\L L.\BOR.\TORY,
NarroNaL Apvisory COMMITTEE FOR AERONAUTICS,
LanxcLEY Fienp, VaA., November 23, 1956.
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TABLE I.—Continued
EXPERTMENTAL PLANING DATA OBTAINED FOR A
RECTANGULAR FLAT PLATE

(b) Brass model having sharp chines; no wind screen

Trim, Cy Lo L | i L v,8q [t/see | Cos | CL,v | Cp,s| CrL,s ‘
7, deg b b b Im | ‘
o o o == . | o - |~ .‘77 ST 7\ 7*“
18. 28 1.72 | 0.761 | 1.80X10-5| 0.061 | 0.291 | 0.036 | 0.172 ‘
18.13 2 754 | 1.80 L081 | | 033 .148 |
18 16 | 3.6 L716 | 1.80 .101 { .028 | .124
12 18 12 4. L689 | 1.80 118 | 025 | . 110
18.13 5. L676 | 1.80 ;182 023 | . 101
18.19 7 .637 | 1.80 | .165 | 692 | .021 | .088 |
18.18 6. ¢ 663 | 1.80 152 | 644 | .022 | .093 ‘
18.13 | 1.87 1.94 [ .719 | 1.80 151 [ .493 | 078 |
18.19 | 2.88 2.96 | .705 | 1.80 206 | .6 L0670 [
18 18.13 | 4.00 4.07 | .666 | 1.80 .259 | .798 | .064
18.15 | 5.92 6.00 | .651 | 1.80 .346 | 1.027 | .08
18.13 | 7.10 7.18 | .641 | 1.80 .399 | 1.189 | 055 }
18.18 | 7.97 S.06 | .628 | 1.80 426 | 1.253 | .053 ‘
- =0 e - [
(e) Brass model having sharp chines; no wind screen or spray shield
- —— - T =1
18.28 | 1.54 | 162 | 0.744 | 1.64%10-5 | 0.060 | 0.286 | 0.038 | 0.180 |
| 18.19 | 2.70 278 | .709 | 1.64 L089 | 388 | .032 | .141
12 18.13 [ 3.83 | 3.88  3.91 | .688 | 1.64 105 7| 119
18.22 | 4.74 | 4.80 | 4.82 | .671 | 1.64 \ . 120 110
18.19 | 5.84 | 5.89 | 5.92 | .664 5 1. 64 ,135! | 101 |
(d) Plastic model having sharp chines
: - ‘ 2
18. 00 1.31 | 0.725 | 1.78X10-5 |0, |0. 1542 |0. 0198 |0.1195
18.00 54 | . 1.78 | | .2109 | .0148 | .0837 |
18. 00 64 | .718 | 1.78 \ .0463 | 2534 | 0128 | 0700 |
8 18. 00 454 [ 712 | 178 (e L2811 | L0117 | .0622
18. 60 5.36 ‘ 708 | 1.78 ‘ L3087 | .0109 | .0578
18. 00 6.48 | .692 | 1.78 L0671 | 3406 | . 0104 | .0528
18. 00 7.59 | .701 | 1.78 0749 | . 3740 | . 0099 | . 0494
|
1.58 | 1.62 | 1.65 | .709 | 1.78 L0611 ‘ 2 .0377 | .1781
12 4.01 | 4.06 | 4.08 | .686 | 1.78 L1092 | . 466¢ i L0269 | . 1150
5.7 571 | .6756 | 1.78 1374 | .5773 | .0239 | .1004
[“7-77 666 | 1.80 1713 | .6889 | .0219 | .0881
| [
1.6 1.78 L1606 | 4897 | 0841 | . 2564
18 2.9 1.78 .2196 | .6515 | . 0742 | . 2201
5. 1178 L3166 | 9363 | L0610 | . 1804
6. 1.80 | .3893 [1.1310 | .0557 | .1618
|
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TABLE I.—Concluded

EXPERIMENTAL PLANING DATA OBTAINED FOR A
RECTANGULAR FLAT PLATE

(¢) Plastic model having 164-inch-radius chines

CL,p

Trim, Cy e In Lk lep | »,8qft/sec | Cp.b Cpis | 1 Coys
7, deg TR LI () In
18.35 | 1.79 1.84 | 1.86 | 0.711 1. 67XX10-5 |0. 0638 0. 2950 |0. 0347 (0. 1603
18.13 | 2.54 | 2.59 | 2.62 .705 | 1.67 . 0761 é .0294 | . 1330
18.19 | 3.59 | 3.64 | 3.66 .708 | 1.67 . 0972 L0267 | L1160
12 18.19 | 4.79 | 4.84 | 4.87 685 | 1.67 L1181 L0244 | . 1032
18.16 | 5.52 | 5.56 | 5.59 663 | 1.67 L1290 | . L0232 | . 0971
18.07 | 6.87 | 6.92 | 6.95 663 | 1. 67 L1550 | . 6297 | . 0224 | . 0910
18.07 | 7.60 | 7.66 | 7.69 651 | 1.67 .1662 | . 6764 | .0217 | .0883
18.28 | 2.00 | 2.05 | 2.08 L708 | 1.67 L1615 | . 4869 | .0788
18.19 | 2.84 | 2.90 | 2.93 .684 | 1.67 L2068 | . 6200 | .0713
18.19 | 3.79 | 3.84 | 3.86 w012/ 167 .2508 | .7438 | . 0653
18 18.19 | 4.92 | 4.98 | 5.00 646 | 1.67 .2948 | . 8620 | . 0592
18.13 | 5.89 | 5.94 | 5.97 .645 | 1.67 .3380 | .9789 | .0569
18.19 | 7.02 | 7.06 | 7.08 .644 | 1.67 L3911 |1.1261 | . 0554
18.22 | 7.76 | 7.82 | 7.84 L637 | 1.67 . 4197 (1.2055 | . 05637

(f) Plastic model having {g-inch-radius chines

18.13 | 1.64 | 1.68 [ 1.58 | 0.712 | 1.78X10-5 |0.0272 (0.1605 |0.0162 |0.0957
18.13 | 2.13 | 2.18 | 2.20 | .751 | 1.78 .0320 | . 1820 | .0147 | . 0835
18.00 | 3.50 | 3.55 | 3.58 | .730 | 1.78 L0437 | 2318 | . 0123 | . 0653
8 18.00 | 4.50 | 4.54 | 4. 56 .720 | 1.78 .0504 | . 2624 | .0111 | . 0578
17.86 | 5.38 | 5.43 | 5.45 | .716 | 1.78 L0586 | . 2948 | . 0108 | . 0543
17.93 | 6.49 | 6.54 | 6.56 | .706 | 1.78 -0654 | L3257 | . 0100 | .0498
18.00 | 7.53 | 7.58 | 7.61 .694 | 1.78 L0713 | L3487 | . 0094 | . 0460
18.27 | 1.64 | 1.69 | 1.71 .707 | 1.80 -0558 | .2630 | .0330 | . 1556
18.27 | 2.62 | 2.68 | 2.70 | .704 | 1.80 L0748 | .3371 | . 0279 | .1258
18.27 | 3.75 | 3.80 | 3.83 | .692 | 1.80 -0931 | .4081 | .0245 | .1074 |
12 18.33 | 4.64 | 4.69 | 4.71 .689 | 1.78 1116 | .4728 | .0238 | . 1008
‘ 18.20 | 5.71 | 5.75 | 5.78 | .678 | 1.78 1288 | . 5365 | . 0224 | . 0933
|| 18.13 | 6.76 | 6.82 | 6.84 | .674 | 1.7 1453 | . 5981 | . 0213 | .0877
18.13 | 7.81 | 7.86 | 7.89 | .665 | 1.78 1651 | . 6626 | .0210 | . 0843
‘ 18.13 | 1.75 | 1.80 | 1.83 | .686 | 1.78 . 1463 | . 4466 | . 0813 | . 2481
18.13 | 2.74 | 2.79 | 2.81 .683 | 1.63 L1987 ( . 5903 ( .0713 | . 2118
(| 18.13 | 4.01 | 4.06 | 4.08 | .660 | 1.78 it L7429 | L0616 | .1832
18 [( 18.13 | 5.02 | 5.09 | 5.09 [ .649 | 1.78 L2017 | . 8566 | .0573 | . 1683
18.26 | 6.22 | 6.26 | 6.29 | .641 | 1.78 .3389 | .9786 | .0541 | . 1562 ‘
18.13 | 6.90 | 6.95 | 6.99 | .642 | 1.78 .3670 [1.0627 | .0528 | .1529
{\ 18.13 | 7.91 | 7.96 | 7.99 | .641 | 1.78 .4068 |1.1677 | . 0511 | . 1467 ‘
|
TABLE II

CXPERIMENTAL DATA OBTAINED FOR A PLANING
SURFACE HAVING A 20° ANGLE OF DEAD RISE

|
Prim, Cy le I | 173 Len [y sqittfsec!| Cow [V CLs | Cois | Cuis
7, deg b b l b Im ‘
18.31 [ 1.68 [ 1.90 | 2.12 | 0.708 | 1.76X10-5 | 0.051 | 0.236 | 0.027 | 0.124
18.13 | 2.16 | 2.39 | 2.62 721 | 1.73 . 065 « 27 . 027 115
18.19 | 2.29 | 2.52 | 2.74 S725 |0 1573 . 068 . 027 . 110
12 18.19 | 3.45 | 3.68 | 3.91 696 | 1.73 . 085 .023 096
18.19 | 4.27 | 4.48 | 4.68 .680 | 1.71 . 099 . 022 090
18.19 | 5.49 | 5.70 | 5.91 .665 | 1.71 .114 . 020 082
18.13 | 6.29 | 6.38 | 6.73 .684 | 1.71 .128 . 020 076
18.29 | 7.09 | 7.29 | 7.49 663 | 1.71 . 146 . 020 076
18.47 | 1.80 | 1.93 | 2.06 .709 | 1.76 129 . 396 . 067 . 205
18.31 | 2.78 | 2.90 | 3.03 681 | 1573 L174 513 . 060 =177
18.28 | 3.80 | 3.93 | 4.06 .663 | 1.73 212 629 . 054 160
18 18.13 | 4.72 | 4.85 | 4.98 .665 | 1.71 . 252 . 742 . 052 L 153
18.13 | 5.70 | 5.83 | 5.95 643 | 1.71 . 286 840 . 049 . 144
18.22 | 6.66 | 6.79 | 6.92 .634 | 1.71 . 326 944 . 048 . 139
18.16 | 7.81 | 7.94 | 8.06 .620 | 1.71 .373 | 1.064 . 047 L134
18.31 | 2:02/| 2.12 | 2.21 .680 [ 1.76 . 257 568 +121 268
18.25 | 3.04 | 3.14 | 3.20 .665 | 1.67 . 349 . T2 S ik . 246
18.16 | 3.94 | 4.03 | 4.12 .649 | 1.72 . 423 . 931 . 105 .231
18.13 | 4.90 | 4.99 | 5.08 .626 | 1.72 .509 | 1.103 . 102 221
2 18.13 | 6.26 | 6.35 | 6.44 . 620 | 1.67 .610 | 1.314 . 096 . 207
7 18.19 | 7.06 | 7.14 | 7.24 .628 | 1.70 L671 | 1. 442 . 094 . 202
18.31 | 7.86 | 7.93 | 8.00 .616 | 1.54 . 730 | 1. 586 . 092 200
9.10 | 3.11 | 3.19 | 3.28 .6565 | 1.67 . 348 778 . 109 . 244
9.11 | 412 | 4.19 | 4.27 .635 | 1.67 . 436 968 . 104 . 231
9.07 | 5.17 | 5.24 | 5.33 . 614 1. 67 .529 | 1.148 . 101 219
18.28.| 1.40'| 1.45.| 1. 561 .660 | 1.63 . 302 . 523 . 208 . 361
18.19 | 2.32 | 2.38 | 2.43 .624 | 1.63 . 445 Airp . 187 . 324
18.19 | 3.38 | 3.44 | 3.50 .630 | 1.63 .605 | 1.020 176 [ -297
30 18.37 | 3.26 | 3.32 | 3.39 .637 | 1.56 . 588 993 AT 299
18.31 | 4.27 | 4.32 | 4.38 .620 | 1.56 . 721 | 1.205 . 167 279
18.31 | 5.38 | 5.43 | 5.49 .614 | 1.54 .885 | 1.472 . 163 271
18.25 | 6.51 | 6.55 | 6.62 .604 | 1.54 1.035 | 1.703 . 158 . 260
18.25 | 7.21 | 7.27 | 7.82 .609 | 1.54 1.156 | 1. 876 . 159 258
18.13. | 1.54 | 1.61 | 1.68 .622 | 1.63 . 406 . 610 . 252 379
18.16 | 2.42 | 2.46 | 2.49 .632 | 1.63 . 590 . 868 . 240 353
18.31 | 3.66 | 3.70 | 3.75 .616 [ 1.56 .821 | 1.184 . 222 . 320
34 18.25 | 4.68 | 4.71 | 4.74 .605 | 1.56 .994 | 1.432 +211 . 304
18.31 | 5.61 | 5.66 | 5.69 .600 | 1.56 1.194 | 1.692 .211 . 299
18.41 | 6.42 | 6.46 | 6. 50 .602 | 1.54 1.337 | 1.867 .207 . 289
18 32N W7o 52 | #7568 N7 60 | S===X= 154 S i T 2.192 I 200
| |
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TABLE III

EXPERIMENTAL DATA OBTAINED FOR A PLANING
SURFACE HAVING 40° ANGLE OF DEAD RISE

\ :
[ Trim, || Gy | L 1 In b kep ‘ v, 8qlt/see | Cp,v | CLwv | Cp.s | ClL.s |
| 7, deg [ ORI b Um | [ [
L5 Ol i el L e G T IR ST 5 e RSN o R P
| [
| ‘ 18. 07 } 0.58 | 1.14 | 1.69 | 0.756 | 1.72X10-5 | 0.025 | 0.100 | 0.022 | 0.088
18.07 | 1.60 | 2.14 | 2.68 .688 [ 1.72 . 041 . 167 . 019 . 078
18.13 | 2.82 | 3.36 | 3.91 .655 [ 1.72 . 060 . 228 .018 . 068
‘ 12 |{ 18.13 | 3.85 | 4.40 | 4.95 .639 [ 1.7 L072 .273 . 016 . 062
18.16 | 4.96 | 5.51 | 6.06 .634 | 1.72 . 094 . 331 L017 . 060
18.16 | 5.82 | 6.36 | 6.95 .627 | 1.69 .102 . 350 . 016 . 055
18.22 | 6.99 | 7.52 | 8.06 .622 | 1.69 . 120 .414 . 016 . 055
| [(18.13 | 1.14 | 1.48 | 1.81 L704 | 1.72 074 .219 . 050 . 148
[| 18.13 | 2.28 | 2.59 | 2.90 .661 | 1.63 . 119 . 339 . 046 . 131
18.19 | 3.40 | 3.71 | 4.01 .649 | 1.72 166 | .456 [ .042 . 123
| 18 18.19 | 4.32 | 4.65 | 4.98 631 | 1.67 | .195 . 539 . 042 . 116
18.13 | 5.42 | 5.74 | 6.04 617 | 1.72 | .224 . 626 . 039 . 109
18.25 | 6.36 | 6.67 | 6.99 | _____ 1. 69 I <263 700 . 038 . 105
18.16 | 7.46 | 7.77 | 8.07 L605 | 1.69 . 280 761 . 036 . 098
18.13 | 1.71 | 1.91 | 2.10 .633 | 1.63 170 .371 . 089 . 194
J 18.13 | 2.60 | 2.80 | 2.99 .630 | 1.72 . 235 515 . 084 . 184
18.16 | 3.82 | 4.03 | 4.24 .618 | 1.72 314 673 078 ‘ 167
|| 18.16 | 4.57 | 4.75 | 4.93 .611 | 1.72 | .356 760 ‘ L0756 | .160
[ 1] 18.19 | 5.74 | 5.92 | 6.11 - 61151 67 | .456 . 953 .077 161
| 24 18.13 | 5.84 | 6.01 | 6.19 .616 | 1.7 463 . 962 077 160
‘ 18.16 | 6.85 | 7.04 | 7.24 | .596 | 1.69 500 | 1.056 | .071 | .150
(| 18.16 | 7.61 | 7.79 | 7.96 .602 | 1.69 .563 | 1.151 071 . 148
\ ‘ 9.14 | 2.63 | 2.80 | 2.99 .622 | 1.67 . 235 .512 084 . 183
‘ I| 9.13 | 3.78 | 3.98 | 4.17 .611 | 1.67 ! . 318 . 689 080 173
| I\ 9.08 [ 4.81 | 5.02 | 5.20 .601 | 1.67 . 402 . 828 . 080 165
| |
| 18.13 | 1.15 | 1.27 | 1.39 .627 | 1.63 . 185 .318 . 146 |
18.16 | 2.04 | 2.14 | 2.25 .623 | 1.63 . 295 . 505 138
‘ 18.13 | 3.05 | 3.14 | 3.24 .610 | 1.63 ‘ 424 .722 135
| 30 18.13 | 4.05 | 413 | 4.23 | .615 | 1.63 | 646 | .909 | .132
| 18.31 | 4.95 | 5.01 | 5.12 . 597 | 1.58 .626 | 1.032 125
18.25 | 6.01 | 6.07 | 6.12 .687 | 1.58 .763 | 1.238 | .124
| 18.19 | 7.47 | 7.53 | 7.58 .579 | 1.58 ‘ L911 | 1.483 | .121 |
| 18.07 | 1.29 | 1.37 | 1.48 .617 | 1.63 255 L3877 186
| ‘ 18.25 | 2.38 | 2.46 | 2.55 .628 | 1.68 ‘ 445 . 649 . 181
| | () 18.13 | 3.10 | 3.16 | 3.22 .612 | 1.63 . 547 . 790 173
| 34 { 18.19 ( 4.20 ( 4.22 | 4.25 .617 | 1.58 [ .692 <993 | .164
] 18.33 | 5.32 | 5.35 | 5.38 585 | 1.6 .883 | 1.263 | .165
18.33 | 6.35 | 6.12 | 6.40 583 | 1.58 .991 | 1.401 | .162
[ 18.30 | 7.16 " 7.20 | 7.25 584 | 1.58 1.181 | 1.656 | .164
| | |

Nas /(1 = —%—,5)2 (tan,B)z (refs. 3 ond 18)

K(8) <
4k S
ol (1 =sin B,) (present report)--
| | | ] it |
(0] 10 20 30 40 50 60 70 80 90
B,, deg

Fracure 1.—Comparison of dead-rise function applied to linear term
with dead-rise function based on Wagner’s work.

1.0
.8
6
G(B)
4
Present report

2k o  Bobyleff (ref. 20) o

| ! | Il 1 | | |
(0] 10 20 30 40 50 60 70 80 90

Be, deg

Fraure 2.—Comparison of dead-rise function applied to crossflow term

with Bobyleff’s flow coefficient.
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“V-shaped surface having vertical
chine strips (refs. 25 and 26)

-~~~ "V-shaped surface having horizontal
e chine flare (refs. 13, 24, and 25)

Crossflow drag coefficient, Cp .
N
—0—-

““Rectanqular flat, trianqulor flat, and V-shaped prismatic
surfaces having a constant angle of dead rise (refs. 23,
28, 36, and data of present report)

~~~Rectangular flat with 1/64-inch-radius chines
(4-inch-beam model)

Rectangular flat with |/16-inch-radius chines
(4-inch-beam model)

.81
61
4
2
1 ] I L .|
o) 10 20 30 40 50
Be, deg

Fraure 3.—Variaticn of crossflow drag coefficient for various types of

planing surfaces.

~ Proposed theory, fofal lift (eq. (23))
Proposed theory before removal of lift
due to leading-edge suction effects

(eq. (16) + eq. (I18) with Cp, o =4/3)

Crossflow term (eq. (22) with Cp o = 4/3)

JTITTTTIA [T
5 « G- 1
; Pz an INERERE S
& S | B L=
- A _ LA e
qc) / ”/,/’ ””//’
2 0 — =
5 8 ' — I —
8 | ] :
= Im _ im .
5 153 | 66
. r —1
,/.é _ P
=l //”
e e e =] ()
(0] 8 16 24 3200, 8 16 24 32
Trim, 7, deg

F1GURE 4.

(a) Flat plate.

~Relative magnitude of components of proposed theory.

Lift coefficient, ¢, ¢

Lift coefficient, C‘,_,s

Vlr:’roposed theory, total Vli%ti(ieq (237)) <l
——— "Proposed theory before removal of lift |
due to leading-edge suction effects |
(eq. (16) + eq. (I18) with Cp = 4/3)
——————— Crossflow term (eq. (22) with Cp . = 4/3)
o | || || [ T[]
g PRELCZIEE
56 "2 =
LT ; w
4
L e //{
—— =l
0 = — 11—
8 r_r —i[= o =T= —
ln | | | Im .
=g p
| /’/// —/ﬁ
= :://'" =
=1 ] (b)
0 8 16 24 32 0 8 6 24 32
Trim, 7, deg
(b) Dead rise, 20°.
Ficure 4.—Continued.
[ Proposed theory, total lift (eq. (23))
— Proposed theory before removal of lift
due to leading-edge suction effects
(eq. (16) + eq. (I18) with Cp = 4/3)
_______ Crossflow term (eq. (22) with Cp ¢ = 4/3)
| 1]
2 lp _ 1 Im _ |
b "2 B b
= B T
e
Im -6
= /./
, = =
=1 o
320 8 16 24 32
Trim, 7, deg

(e) Dead rise, 40°.
Ficure 4.—Concluded.
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e 1

(a)

962

1.279" rad.

’

i

/ | 1.288"
|
¢ TO° 320 47" k
}

L 4

L 82

4.000"
(b)

(See ref, 13.)
(See ref. 24.)

(a) BEffective angle of dead rise, 16°.
(b) Effective angle of dead rise, 32°47’.

Frcure 5.—Cross section of surfaces having horizontal chine flare.

202

158 83
!

2.000" 4—4{

4.125"

(0)

|

3|9 59

/

2000l

%

—————————— 4.125"
(b)

(a) Effective angle of dead rise, 15°33’.
(b) Effective angle of dead rise, 31°59’.

Freure 6.—Cross section of surfaces having vertical chine strips.

(See ref. 26.)
(See ref. 26.)

e

154"

«1

390"
] e

Proposed theor
Sedov (ref. 5)
Perelmuter (ref.
Sottorf (ref. 7)

y (eq.(23))

Sokolov (ref. 4)

6)

30 ] . T
lp . | W7 In
2ol |22 | £
J /7 ’//?”
Ul > /
<! o %__ e
£ S =
0
O
€ 0
%]
8 20 L
= i lm _
5 ik _ p-=6
10 = as
.=E‘5P' r V —:_’/
P L=t (
o = @)
0 4 8 2 6 0 4 8 27 6

Trim, 7, deg

(a) Proposed theory and references 4 to 7.

Figure 7.—Variation of lift coefficient with trim for rectangular flat-

plate lift formulas.
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Lift coefficient, CL,S

Lift coefficient, CL,S
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Propased tt?eory (eq. (?37)7) N 7 4]
Perring and Johnston (ref. 8)
Korvin-Kroukovsky (ref. 9)

—_—————— Siler (ref. 10)
6 S
I _ém:é =ik I L.
e TR L = LI
= |
- = = =
2+ - e B
J L
O 4 - |
- L
e

0 4 8 12

16 0
Trim, 7, deg

(b) Proposed theory and references 8 to 10.
Ficuvre 7.—Continued.

Proposed theory (eq. (23))
Schnitzer (eq. (9))

Locke (eq. (7))

Brown (eqs. (10) and (I1))

6 T vV ‘
A
=l = 4 7
G4 _bm;% 7% f[l /// T
B%4 Z4a
| ;// z i = |
2 |
7, | »/,
VA1 | [ || Z !
e T
41 ll =0 T 57 1 j
| [pes] | || | [2eel | 2
, | { [ %//
// /’//jT |
.
= = ( [ (c)
0 8 6 24 32 0 8 6 24 32

Trim, 7, deg

(¢) Proposed theory and references 17, 18, and 21.
Freure 7.—Continued.

Lift coefficient, CL,S

(d)

B

Lift coefficient, CL s

Proposed theory
Crewe (eq.(5))

Farshing (eq.(2))
Korvin—-Kroukovsky, Savitsky, and Lehman (eq. (6))

(eq. (23))

=

.
32

and references 12, 14, and Crewe’s equation
(eq. (5)).

Fraure 7.—Continued.

|
32 0 8 16 24
Trim, 7, deg

Proposed theory

7?3roposed theory (eq. (23)) ’/7}
—_——— - Shuford (ref. )
6 L 7 177},, "77 7r =0 = = ] 1
1| 7 ‘
i [} — T { Z
-3 | il 1|

| D5 (é

Ao 2T — v
| A | | | I | //} |

AL LA

Z T T
, ——

|

\

|

L
‘m _
7 =6
//
= e
///

L - (e)

(0] 8 16 24 32

Trim, 7, deg

(e) Proposed theory and reference 1.
Freure 7.—Concluded.
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Proposed theory (eq. (23))
______ Locke (eq. (7))
_— Korvin— Kroukovsky, Savitsky, and Lehman (eq. (6))
6 == S ] i TR ]
e -
4 by A L L —
5 Sl = m | ’,/
7 o) L Z —b_{'l | | /"
- Vi i T LA
5 2 ‘ %7
/ | | e
Iz | |
4 —
lz;ﬂ=3 ' e |
2 ol TR L S i e O e
2 s i i ) J ,-//”ﬁ
=0 ‘ i il
e o ]
M e @]
(0] 8 16 24 32 0 8 16 24 32
Trim, 7, deg

(a) Proposed theory and references 14 and 17.
Ficure 8.—Variation of lift coefficient with trim for a surface having
an angle of dead rise of 20°.

Proposed theory (eq (23))
Schnitzer (eq. (8))
Brown (eqs. (12) and (13))

'GH]HW';www
BLT =5 AL Tl e o
SR B2 i
% O/ L | /i ‘ | ‘ |
%4>TL”;*1 x *—J { 177’1;6' T ‘ |
T TF T b
3270 8 16 24 32

Trim, 7, deg

(b) Proposed theory and references 18 and 21.
Frcure 8.—Concluded.

o
o

459901—58

Lift coefficient, €, s
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Proposed theory (eq. (23))
—————— Locke (eq. (7))
B Korvin-Kroukovsky, Savitsky,and Lehman (eq. (6))
, I
Uy .
N
| | =
5 ;"/ “ ~ V
= "] |
73 ﬁ I Rl |
| | i
T == | I T e L—=A=
AL ‘{ N J | { _/’4’:/
i3 | " (@
8 16 24 BUC) 8 16 24 52
Trim, 7, deg

(a) Proposed theory and references 14 and 17.
Frcure 9.—Variation of lift coefficient with trim for a surface having
an angle of dead rise of 40°.

Proposed theory (eq. (23))
Schnitzer (eq. (8))
Brown (egs. (12) and (I13)) 1

Lift coefficient, ¢ s

22000 8 16
Trim, 7, deg

(b) Proposed theory and references 18 and 21.
Frcure 9.—Concluded.
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- ~ Proposed theory ]
(eg. (20) with e = 1.59)
————— Crewe (eq. (5))
11 1 17 - — T
TP ] |
In_ [ In | L
a2zl | L7 b " P
Z /%
o 7 Z
il z
5 Z | Z
S | -
©
8
=m - — i =
Al = I f} & P 68
L~ =i o Proposed theory (eq. (23))
_ 2 -~ —J 64} ——— —Schnitzer (eq.(8))
l 8 -Locke (eq.(7))
0 8 16 24 32 0 8 16 24 32 ——--Brown (egs. (12) and (13))
i o deg .60 —— ---Korvin-Kroukovsky,
r ° Savitsky, and Lehman (eq. (6))
Frcure 10.—Variation of lift coefficient with trim for a surface having -56 \ e . ’
a basic angle of dead rise of 20° and horizontal chine flare. i Rl
D20 Trim, 7, deg
\ o 4
o 48} S 13! Ref.28
76 — Proposed theory (eq. (23)) 08\ \ o 30
A ————Echwt%er((e%P)) 44 D%é £ 12
-Locke (eq. P &
re2g —— —Brown(eqs.(10) and (1)) . o g ‘3%} Present report
o\l ———---Korvin - Kroukov sky, o 40K \‘§
6814 | Savitsky, and Lehman (eq.(6)) - \\
& 38R X
64| Experiment 2 Trim, 7, deg
Trim, T, deg § . )
60 o 4 =
o1&} Ref 23 =
.56 o 30
£ 12
52 2 I8¢ Present report
48

44 Trim, 7, deg

Lift coefficient, G s

J | | L 1 | |
0 8 16 24 32 40 48 56 64 72 80 88

Im

b

(b) Dead rise, 20°.
Frcure 11.—Continued.

(a) Flunrplato.
Frcure 11.—Comparison of the results calculated from the proposed
theory and references 14, 17, 18, and 21 with experiment.
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Ficure 11.—Concluded.
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(b) Dead rise, 20°.
(e) Dead rise, 40°.
Ficure 12.—Cross sections of brass models
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Ficure 13.—Cross sections of plastic models.

Ficure

14.—Photograph of flat-plate model attached

carriage.

(a) Flat plate.
15.—Underwater photographs.

(b) Dead rise, 20°.
Ficure 15.—Continued
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Ficure 15.—Concluded.
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(a) Flat plate.

Fraure 16.—Comparison of total drag with induced drag.
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(b) Dead rise, 20°.
Frcure 16.—Continued.
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(¢) Dead rise, 40°.
Ficure 16.—Concluded.
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Ficure 17.—Spray photographs of flat-plate model with wind sereen
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(b) Dead rise, 20°.
Frcure 18.—Continued.
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Frcure 18.—Concluded.
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19.—Effect of wind screen and spray shield on the lift of a
rectangular flat plate.
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Effect of wind scereen and spray shield on the drag of a
rectangular flat plate.
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Fraure 21 —Effect of wind screen and spray shield on the center of
pressure of a rectangular flat plate.
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(a) Flat plate. (b) Dead rise, 20°. (¢) Dead rise, 40°.
Frcure 22.—The effect of speed on lift coefficient.
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Ficure 23.—The effect of speed on drag coefficient.
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(a) Flat plate.
(b) Dead rise, 20°. (¢) Dead rise, 40°.
Ficure 24.—The effect of speed on center of pressure.




B2

—— 0 Brass model — sharp chines
281 —— 0 Plostic model - sharp chines

— - Plastic model - |/64-inch-radius chines
o8- ----0 Plastic model - I/16-inch-radius chines

Lift coefficient, C; s
o
T

J2E
08—
.04
| 1 | | | 1 = | I (S |
(0] 8 K5} o4 32 40 48 56 64 72 80 8.8
lm
b

Fraure 25.—The effect of rounded chines on the lift of a 4-inch-beam
rectangular-flat-plate planing surface.
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Freure 26.—The effect of rounded chines on the drag of a 4-inch-beam
rectangular flat plate.
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Ficure 27.—The effect of rounded chines on the center of pressure of a
4-inch-beam rectangular flat plate.
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FiGure 28.—Variation of skin-friction coefficient with Reynolds
number. Trim, 8°.
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Fraure 29.—Comparison of lift-drag ratios for flat-plate models having
sharp chines with flat-plate models having rounded chines.
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Ficure 30.—Lift coefficient due to buoyancy for various speed coeffi-
cients. (Data of ref. 31.) Calculated value of (', s was determined
from equation (20) with Cp .= 1.15 (see fig. 32 (¢)).
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(a) Data of present report (brass model).
Frcure 31.—Comparison of proposed theory with experimental lift
coefficients for rectangular-flat-plate planing surfaces,
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(b) Data of present report (sharp-chine plastic model).
Freure 31.—Continued.
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(¢) Data of Weinstein and Kapryan (ref. 23).
Ficure 31.—Continued.
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(d) Data of Farshing (ref. 12).
Frcure 31.—Continued.
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(e) Data of McBride (ref. 32).
Ficure 31.—Continued.
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Frecure 31.—Continued.
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Ficure 31.—Continued.
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(h) Data of Locke (ref. 34).
Ficure 31.—Continued.
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Fracure 31.—Continued.
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Ficure 31.—Continued.
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(k) Data of Kapryan and Boyd (ref. 25).
Ficure 31.-—Concluded.
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Ficure 32..—Comparison of proposed theory with experimental lift | (b) Data of present report (Y4s-inch-radius chines).
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(¢) Data of Wadlin and McGehee (ref. 31).

Ficure 32.—Continued.

(d) Data of McBride (ref. 32).
Ficure 32.—Continued.
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(e) Data of Christopher (ref. 35).
Ficure 32.—Concluded.
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(a) Data of present report.
Ficure 33.—Comparison of proposed theory with experimental lift
coefficients for a surface having a 20° angle of dead rise.
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D Ficure 33.—Concluded.

(b) Data of Chambliss and Boyd (ref. 28).
Fraure 33.—Continued.
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(a) Data of present report.

Figure 34.—Comparison of proposed theory with experimental lift

coefficients for a surface having a 40° angle of dead rise.
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Ficure 34.—Continued.
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Ficure 36.—Comparison of proposed theory with experimental lift
coefficients for a surface having a basic angle of dead rise of 20° and
horizontal chine flare. (Effective angle of dead rise, 16°.)
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Frcure 35.—Comparison of proposed theory with experimental lift 12
coefficients for a model having a 50° angle of dead rise. (Data of
Springston and Sayre (ref. 36).)
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(a) Data of Kapryan and Weinstein (ref. 13).
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(b) Data of Kapryan and Boyd (ref. 25).
Frcure 36.—Conecluded.
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Ficure 37.—Comparison of proposed theory with experimental lift
coefficients for a surface having a basic angle of dead rise of 40°
(Effective angle of dead rise, 32°47’.)

and horizontal chine flare.
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(b) Data of Kapryan and Boyd (ref. 25).
Ficure 37.—Concluded.
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(Data of Kapryan and Boyd (ref. 26).)




A THEORETICAL AND EXPERIMENTAL STUDY OF PLANING SURFACES 37

Experiment

=B TrlEn,T, deg

o 4

52 o 6

S 12

[ 18

481~ o 24
o)

30
Proposed theory
(eq. (20) with
Cp.c* 2.09)

44

D
o

26
0 Trim, 7, deg
G
= 32 30
R
)
© .28
: 24
5 241

! ! L |
0 .8 el 2iq 32 q0; '48 "56 64 (2 80 88

Frcure 39.—Comparison of proposed theory with experimental lift
coefficients for a surface having a basic angle of dead rise of 40°
and vertical chine strips. (Effective angle of dead rise, 31°59".)
(Data of Kapryan and Boyd (ref. 26).)
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Ficure 40.—Plan forms of triangular-flat-plate models (wooden)
planing with base forward.
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Ficure 41.—Comparison of proposed theory with experimental lift
coefficients for triangular-flat-plate surfaces planing with @ base
forward. (Data of Wadlin and McGehee (ref. 31) and unpublished
tank no. 2 data.)
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(¢) Data of Weinstein and Kapryan (ref. 23).
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(a) Data of present report.
Ficure 43.—Variation of center-of-pressure location with mean
wetted-length-beam ratio for a surface having a 20° angle of dead rise.
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(b) Data of Chambliss and Boyd (ref. 28).
Ficure 43.—Continued.
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(¢) Data of Kapryvan and Boyd (ref. 25).
Frcure 44.—Concluded.




A THEORETICAL AND EXPERIMENTAL STUDY OF PLANING SU

I
L T < Trim = 6°
8 ’\D\ .8 o
_lﬂ | o o W
lm
4 4
0 T g g e R T
- i
2 A Trim = 9° : Trim = 12°
s a 8
o ,M \W
lm
4~ 4
| 1 1 ! |
¢} 2 4 6 8 (0] 2 4 6 8
= l.
12 Trim = 18° e Trim = 24°
8*§ 81
Zcﬁ M \%@@%—é\
U 5 o
4 a4l
0 2 - 6 8 (0] 2 4 6 8
1.2 3 lm
Trim = 30! b
™ [a}
o
8 4
e R
-l,; Proposed theory
A4l (eq. (25) with Cp =4/3)
|
0 2 3 4
o
b

Fraure 45.—Variation of center-of-pressure location with mean
wetted-length-beam ratio for a model having a 50° angle of dead
rise. (Data of Springston and Sayre (ref. 36).)
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Ficure 46.—Concluded.
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(a) Data of Blanchard (ref. 24).

Ficure 47.—Variation of center-of-pressure location with mean
wetted-length-beam ratio for a surface having a basic angle of dead
rise of 40° and horizontal chine flare. (Effective angle of dead
rise, 32°47’.)
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Ficure 48.—Variation of center-of-pressure location with mean
wetted-length-beam ratio for a surface having a basic angle of dead
rise of 20° and vertical chine strips. (Effective angle of dead rise,
15°33’.) (Data of Kapryan and Boyd (ref. 26).)
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