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In order to extend the range of available planing data, the principal
high-speed planing characteristics for a pris~tic surface having an angle
of dead rise of 0° (flat bottom) have been determined over a wide range
of planing variables. Wetted length, resistance, center-of-pressure loca-
tion, and draft were determined at speed coefficients ranging up to 25.0,
beam loadings q to 87.3, and trims up to 30°. Mean wetted lengths up
to 7.0 beams were obtained wherever possible. The data indicate that the

. important planing characteristics are independent of speed and load for
a given trim and are dependent primarily upon lift coefficient. The ratio
of center-of-pressure location forward of the trailing edge to the wetted
length is a constant equal to 0.71 up to 9° of trim. This ratio decreases
with a further increase in trim angle.

INTRODUCTION

The National Advisory Committee for Aeronautics has undertaken an
experimental investigation of the high-speed planing characteristics of
a series of related prismatic surfaces. The principal purpose of this
investigation is to extend the available data to high speeds, hia trims,
and long wetted lengths. The results of tests of surfaces having angles of
dead rise of 20° and 40° are presented in ~eferences 1 to 3.

The present paper presents the results obtained with a prismatic
surface having an angle of dead rise of 0° (flat bottom). The principal
planing characteristicswere determined for speed coefficients up to 25.0,
beam loadings w to 87.3, wetted lengths up to 7.0 beams, and trims up
to 300. The characteristics determined were wetted length, resistance,

. center-of-pressurelocation, and draft for suitable combinations of speed,
load, and trim.

.
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SYMEmS

beam of planing surface, ft

draft at trailing edge (measured vertically from
undisturbed water level), ft

friction, parallel to planing surface, lb

acceleration due to gravity, 32.2 ft/sec2

mean wetted length, ft

center-of-pressurelocation (measured forward of trailing
M

e*e) ~ ft
AcosT+Rsinr’

trimming moment about trailing edge of model, ft-lb

vertical load, lb

horizontal resistance, lb

Reynolds nuriber, vmz~v

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

horizontal velocity, fps

mean velocity over planing surface,

~v2f:s)

specific weight of water, lb/cu ft

load coefficient or beam loading, A/wb3

skin-friction coefficient,

F Cos p COS2T
— =

Zm
; svm2 %J%-%*’)—cos T-

b
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resistance coefficient, R/wb3

speed coefficient or Froude number, v/@t

lift coefficient

drag coefficient

lift coefficient

A %—= —
~2S Zmlb

drag coefficient

c%—= —

;>s Zm/b

A CA
based on square of beam, — . 2—

p CV2

based on square of beam, ~
g&2

based on principal wetted axea,

based on principal wetted area,

angle of dead rise, deg

mass density of water, slugs/cu ft

trim (angle between planing bottom and horizontal), deg

kinematic viscosity, ft2/sec

DESCRITTION OF lvS2DEL

The model used for this investigation had an angle of dead rise
of 00, a besm of 4 inches, and a length of 36 inches and was constructed
of brass. A sketch and cross section of tliemodel with its pertinent
dimensions are shown in figure 1. The tolerances and the finish of the
model were the ssme as those described in reference 1.

AYPARATUSAND PROCEDURES-,

Langley tank no. 1, the apparatus for towing the model, and instru-.
mentation for measuring the lift, drag, and trimming moment are described

.—— —..— —— — —
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in reference 4. A diagramof the model and towing gear is presented in
figure 2. The test procedures were similar to those described in refer-
ences 1 and 2.

The wetted areas were determined from underwater photographs in the
msmner described in reference 1. Where photographs were not available,
visual readings of the wetted length were used to determine the wetted
areas. A typical underwater photograph is shown as figure 3. The wetted
length Zm was measured from the trailing edge of the model to the
intersection of the heavy spray line with the planing bottom. Became
of a slight curvature of the heavy spray line, the wetted length at the
center ltie was approxindely 0.3 inch greater than that at the chine.
h arithmetic mean value of this line, therefore, was wed. Tkk mem

value corresponds closely to the value of the wetted length at one-
q-erbeam mom of the chine, wmch=s the po~t at w~ch the
wetted length was observed during the flat-plate investigationreported
in reference 5.

Draft measurements were obtainedby the method described in refer-
ence 2, where a vertically oscillat@ prod was used to measure changes
in the water level. These changes were applid as corrections to visual
draft readings. The prod was located slightly forward and to the side
of the model (in the approximate location of the water-level indicator
shown in fig. 7 of ref. 1). As mentioned in reference 1, a careful sur- “
vey of the water smface indicated no appreciable gradient in height in
the vicinity of the test area.

The aerodynamic forces on the model and towing gate were held to a
minimumby the use of the windscreen described in reference 1. The
residual windage tare for resistance amounted to only 0.3 pound at a
speed of 82 feet per second. The proper tare was deducted from the drag
measurements to obtain the hydrodynamic resistances. The tares for load
and moment were found to be negligible. The quantities measured axe
believed to be accurate within the following limits:

Load, lb. . . . . . . . . . . . . ... . . . . . . . . . . . . . . to.1’j
Resistance, lb. . . . . . . . . . . . . . . . . . . . . . . . . .*O.15
Trhmning moment, ft-lb. .’. . . . . . . . . . . . . . . . . . . .*O.50
Wettedle@h, in. . . . . . . . . . . . . . . . . . . . . . . . *0.25

Draft, in. . . . ● ● . . . . . . . .0. ● . ● . . ● ● ● ● ● ● .*O*05
him,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .*OO1O
Speed,fps. . . . . . . . . . . . . . . . . . . . . . . . . . . .*O.20

RE3ULTS AND.DISCUSSION

Presentation and discussion of data.- The experimental data obtained
in Langley tank no. 1 are presented in tables I and II in the form of .

—
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conventional nondimensional coefficients of the load, resistance, speed,
wetted lengtl, draft, and center of pressure. The lift and drag coef-
ficients are presented in terms of both the sqyare of the beam (%%
and Cm) and the principal wetted area (CLS and ~S). Data where

the mean-wetted-length-beam ratios are less than 0.5 should be used
with caution since the accuracy of measurement of such small wetted
sxeas becomes ~ginal. The data presented in table II were obtained
in the low-speed nonplaning ramge and are discussed more fully lder
in this report.

Plots of the data are presented in figures 4 to 13. The variation
of mean-wetted-length-beam ratio Z@ with the lift coefficient ~b

is shown in figure 4. When plotted against ~bj the experimental tits

generally fall along a single curve for each trim. These trends are the
same as those found for the surfaces having dead rise (refs. 1 to 3).
In figure 5, the nondimensional center-of-pressurelocation ~lb is

plotted against C%. Figure 6 shows that, for practical purposes, the

ratio ZplZm is constant for each trim and-varies from 0.71 at 2° trim

to 0.59 at 30° trim: The variation of draft d/b with lift coeffi-
cient ~b is shown in figure 7.

A comparison of the measured draft with that computed from the
wetted length is presented in fi~e 8where the measured draft is

plotted aga&st $ sin ?. The wetted length t used in this figure

is measured from the trailing edge of the model to the intersection of
the heavy spray line midway between the chines and therefore corresponds
to the keel wetted length 2k of references 1 to 3. The purpose of

these plots, as discussed in references 1 and 2, is to establish whether
a pile-up of water occurred at the intersection of the planing plate with
the free-water surface. At the higher trims, the measured draft was less
than that computed from the wetted length and indicated a piling up of
water under the planing surface. (See fig. 9(a).) Similar pile-up, but
to a lesser degree, was noted for the suizl?aceswith dead rise (refs. 1
to 3). At low trims, however, the measured draft was more than that pre-
dicted from measurements of the wetted length. This result is contrary
to expectations and shouldbe viewed with cautiop. Evidence of this
phenomenon is also presented in reference 6, where the results of a
photographic study of piled-up water conducted with a series of V-shaped
wedges having different angles of dead rise were reported. These sur-
faces tieredropped vertically tito a tank of
free-water surface was photographedby means
picture camera. According to section 4.1 of
surface to the side of the model is slightly

water, and the shape of the
of a high-speed motion-
reference 6, the free-water
depressed during the impact

\
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of a wedge havhg the low angle of dead rise of 10°. The possibility
exists that during steady-stateplaning a similar depression of the water
surface occurs and that at low trims it is of greater magnitude tkn the

f
ile-up at the titersectionof the model with the free-water smface.
See fig. 9(b).) Reference 7, in its discussion of the Planing process,
also suggests the possibili~ of such a depression.

The preceding discussion applies to conditionswhere this effect
could be due to air compression in the restricted area near the inter-
section of the planing surface with the water. Inasmuch as the present
tests were made with a windscreen, one would expect this effect to be
minimized. The screen, however, was 1 inch above the water and might
have permitted sufficient air flow for this “air compression”to occur.

The resistsmce data are presented in figure 10 as a plot of drag
coefficient C% against lift coefficient ~. The solid lines faired

through the data represent the total drag whereas the dashed lines,
definedby C% ~ T> represent the induced drag. The difference

between the solid and dashed lines represents the friction drag. At
low trims the friction drag is a larger portion of the total drag than
at the higher trims. At high trhs, the induced drag exceeds the total
drag and indicates an apparent negative friction force. At these high
trims the volume of forward spray is large and appears to have high
forwardvelocitywith respect to the model. The relative velocity of
the model in the region of forward spray therefore is effectively
reversed 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.

In practice, this forward flow of water wouldbe expected to be
reduced by the air flow around the model. In order to observe this
effect, a few runs were made with the w5-ndscreenremoved. The volume
of water thrown forward, the apparent velocity of this spray, and the
area wetted by this spray were au reduced. For these conditions, the
induced drag nmre nearly approximated the total drag. For practical
application in the range covered by the present test, therefore, the
friction forces may be considered negligible at the high trims as was
found-for the surfaces having dead rise (refs. 1 to 3). Renmval of the
windscreen, however, did not eliminate the apparent negative friction
force; therefore, the assumption of negligible friction forces results
in slightly conservativedrag estimates. For the dead-rise surfaces,
the loose spray had no appreciable forward mtion and removal of the
windscreen had no measurable effect on the friction force.

Data from tests of a 2* -inch-beam flat plate, obtained without the

presence of a windscreen in Langley tank no. 2, also show that, at high

.— ..———— .—. — .—— —
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trims (above 120), the total drag is slightly
drag, as do the tabulated data of reference 8
of trim.

7

lower than”the induced
for conditions above 12°

The variation of friction coefficient with Reynolds number is pre-
sented in figure 11 for trims of 2°, 4°, 6°, apd 9° at which the fric.
tion drag represented a significant proportion of the total drag. Mst
of the coefficients for the lighter loads and lower Reynolds numibers

(below 1 x 106) were erratic because of the marginal accuracy. All con-
ditions, therefore, where the precision of measurement changed the coef-
ficient by more than 20 percent were deleted from this plot. The friction
coefficients were calculated directly from the tabular data. The grouping
of the data along the Schoenherr turbulent-flow line indicates that, at
low trims and high Reynolds numbers, the friction drag can be calculated
with reasonable accuracy by use of the Schoenherr equation (ref. 9). This
condition is also true for surfaces having positive angles of dead rise
(refs. 1 to 3).

As reported in references 1 to 3, some of the light-load, low-speed
conditions at the lower trims did not fit tbe curves for which CLb is

the governing parameter. Accordingly, in a manner similar to that
described in reference 1, an attempt was made to determine the limita-
tion of the plots against CLb. Wetted lengths, therefore, were meas-

ured at low speeds into the speed and load region where @b is no

longer the governing parameter. These data are presented in figure 12
as a plot of Z@ against CLb. These data are seen to depart from

the curves of the co~psed data of figure 4 in a systematic pattern
with load as psrameter. The points at which these curves depart from
the collapsed curves est&blish a minimum load for-pure planing. Fig-
ure 13 presents a plot of these minimum load values for pure planing
and was determined on the basis of 20-percent buoyancy since most of
the affected data fell in this buoyaqcy range. The actual points of
departure from the collapsed curves in figure 1.2sre included in fig-
ure 13 and are seen to be in good agreement with the curves based on
20-percent buoyancy and presented in figure 13. Therefore, the few con-
ditions encountered during the remainder of this test for which buoyancy
equaled at least 20 percent of the load have been deleted from table I
and from the curves.

Comparison with other flat-plate data.- The flat-plate data of other
experimenters are compared with those of the present paper in figure 14.
Curves are presented defining the variation of

%
with trim at mean-

G

wetted-length-beam ratios of 1 and 3 for the data obtained at the
Stevens Institute of TechnoZo~ (8.I.T.) and by Sambraus (refs. 10 and 8,

. respectively). A substantial amount of flat-plate data is also pre-
sented by Shoemaker, Locke, and Sottorf in references 11, 12, and 5,

.
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respectively.
IYoude number
h figure 14.
in figure 14,

Their data, however, do not cover the beam loading and
.

range of the present test and therefore are not compared
The curves representing the S.I.T. formula which do appear
however, are partially derived from these data.

b

Reference 10 presents the results of an analysis of most of the
available flat-plate planing data in the form of an empirical formula
for computing lift. According to this analysis, the effects of buoy-
ancy are negligible above a speed coefficient of appro-tely 12.5.
The lift curves in figure 14, representing the S.1 .T. analysis, therefore,
were derived on the basis of a speed coefficient of 12.5. The cal-
culated lift coefficients are less than those obtained in the present
investigation. This difference maybe due to the fact that the bulk
of the data used in deriving the emptiical formula were obtained at
speed coefficients lower than 7.0.

The data of %ibraus (ref. 8) were obtained at speed coefficients
up to 13.0 and at these higher speed coefficients the results are in
good agreement with those of the present investigation.

CONCLUDING REM4RKS

.

The results obtained froman experimental investigation of a planing
surface having an angle of dead rise of O0 indicate that, during high-
speed steady-state planing, the important planing characteristics for a
given trim depend prhnwily on lift coefficient. For engineering pur-
poses, the ratio of center-of-pressurelocation forward of the trailing
edge to the mean wetted length can be considered a constant equal to 0.71
at trims up to ~. This ratio decreases with a further increase h trim
angle. The friction drag canbe considered negligible at the trims
tested above 12° so that, for these trims, as in the case with surfaces
having positive angles of dead rise, the total hydrodynamic drag, for
engineering purposes, can be considered equal to the induced drag of
the surface.

L=gley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

_ey Ffeld, Vs., MW29, 1953.

.
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TAHL2 I

~El~NT~ -HG DATAOBTAINEDFOR A WTMOULAR FLAT PLATE

LArmLEYTARK HOOEL 282

liver...kinemtioviscosity-lk.,,x M 14 ft2/sea;speoifiaweightof tankwater-63.4 lb/auft
1-

CA

0.85
.85

:%
2.13
2.13
2.13
2.13
4.26

:2
4.26
4.26
4.26
4.26
6.39
6.39
6.j9
6.39
6.39

6“?10.5
10.65
;;::;

19.17
.85
.85
.85
.85
.85
.85
2.13
2.13
2.13
2.13
2.13
4.26
4.26
4.26

::2
6.39
6.39
6.33
6.39
6.39
6.39

6“210.5
10.65
10.65
10.65
10.65
lo:;5

19.13
19.17
19.1
19.1$
19.17
19.17
27.69
27.69
36.-Z
36.21

Cv

6.1o
6.16
9.C6
9.15

1?:%
18.
21.E
12.s
13.37
13.64
1.3:2

20.7?
24.61
12.78
13.37
16.
20.%
22.88
24.92
18.

P21.7
25.01
23.39
2~L

4.70
6.1o
6.1o
9.12
;.;;
7:2

!2
,$~

8.35
10.33
10.37
13.57
13.68
10.C6
10.09
10.97
12.81
12.86
16.

719.9
12.ca

:2:5
16.
16.
z.z
24.84
15.46
17.51
:l:g
21.87
24.92
20.5
24.?0
22.97
24.77

‘h

O.zl
.3
.14
.20
.60

:2
1.47
1.05
1.20
1.04
:%
.63
2.45
2.56
1.68
1.10
1.o1

3:2
::%
7.02
6:1P

8
:~

.14

.16

:%
;$
.24
.91
AZ

.9

.48
1.36
1.30
1.21
.%
●9
2

:;3
2.2
2.3

::?’$
1.61
1.26
1.35
4.3?
3.72
3.91
3.73
2.79
2.36

t%

i:%

2.17
1*8O
.67
●55

2:$

4.7
::
3.00
3.00
.62
.68
.45
8.27
7.79
3.00
1.17
.87
.70
6.5o
3.00

i:z
6.5o
1.37
1.30
:$
.25
.25

2
1.2
1.7
:G
.25
k.66
1091
1.37
.50

4:g
4.91
3.66
;:~5

.38
z7:?

4.%
1.52

I.&
10 0

.62

8:
F4.2

2:8
1.45
.85
4.63
2.20

t::;

i

+

1.72
1.11

“3
1:97

:1:
---
4.01
2.15

;:?$
.40
.62
.43
5.3
5.78
2.23
.93
:G
4.61
2:;;

::9?

:Z
.15
.25
.13
—
1.05

lX
.38---
3.62
1.68
1.19—

3.2
3:2
2.9
1.1~
1.9—

4Z
3.45
1.23
::~

.39---

:$

1:%

3*51
l.n
3.70
3=07

1
+
).125---
.075--
---
.048
.045
.055
—
—
—
.122—
—
—
—
—

:%
.038
22;

J
.07
.3
.338
.112
—

.&-

.042
---
.130
--

.&;

.075
—
—
.115
.055
--
—
—

.i2Y

.07

.020--

.&-

.138

.G

.050

●G—
---

●120

:%
.212

.G

‘:%7
.0207
.0203
.0453
.0201
.0125
.-3

:%
.ob56
.0453
J&c);

t.011
.0782
.0714

8:%
.0244
●02ti
.0620
.0446
~c)g

JXl;

2$

.0204

:~?$

.045?

.0458

.0205

.1222

.0800

.0790

.0462

.dt%

.1251

.12!%

.1060

.0778
;O&

::?%’
.1172
.Oalo

::%
.045
.0
.1k

h
.120
.12
.ll
.080
.061i
.1260
.0900

Xl%

D:oml.3

d
●m

:%;
c

.001

.CQ1z

.0198

.0U8

.0129

.O11o

.0025

.0030

.oo21

.03ca

.0286

.ti6

.0055

.0039

.0030

.oa6

.o113

.cqv

.0257

::%
.0163

5?
.007
;~~

d
.012
.01
.0073
.Ce60
.0023
.0260
.0U8
..o112
.(X)55
.w52
.0266
.0256
.0200
.o117
.o1.12
.0054
.0037
.0326
.0228
.o117
.o113
.0120

:%

.024

.02

.022

.0117

.0076

.0238

::%
.0215

%onditionsforwhichaveregekinematicvisaosity-14.2 x 106 ft2/sea

Lo21
.025
.03
.037
.019
.02
.Oa
.o~
.012
.019
.015
.015
.033
.029
.031.
.m
.W
.015
.02
.02i
.029
.010
.015
.022
.W
.W
.059“
.059
.091

:3Z
.081

:%
.092
.109
.082
.026
.042
.058
.092
.084
.027
.026
.0

3
.0

:117
.Wu
.021
.026
.05

d
.0

:Q&
.019
.026
.022
.025
.055
.073
.027
.041
.027
.029

-

.

.
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TABLE I - continued

=2RI-AL ~12 DATA OBTAINED FOR A RECTANGULAR FLAT PLATE

LANGLEY TAHK MODEL 282

%onditionafor whichaveragekinematicvlsoosity= 14.2x 10‘ ‘t2/8ea =@=

..—.. — .— -—-.
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TAPJJEI - Continued

EXPERIMENTAL PLANIHG DATA OBTAINKO POR A RECTANGUIJLRPLAT PLATE

mom TANK HOD2L 282

%onditlona for whichaveragekinematicvlscoalty=14.2 x 10+ ftz/seo ~

.

——— ——. —.——..——— ——— ——. — —.—
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TABLE I - Concluded

EXPERIMENTALPLANING DATA OBTAINED POR A RECTANGULARPLAT PLATE

LANGLEY TANK MODEL 282

.
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TABLEII

SUPPLEMENTARYKXPER-AL DATA OB1’AI~ AT LOH SP~S FOR LANGLEYTANK MODEL 282

[
4 ft2/seo;speoificueightof tankvater= 63.4lb/ouftAveragekinematioviscosity- 14.2 x 10 1

Trim,
CA Cv %

~ ~
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Figure 1.- Sketch and cross section of flat-plate model.
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Figure2.- Setupof model and towinggm.
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Figure 3.- Typical underwater photograph.
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Figure 4.- Variation of mean-wetted-length-beam ratio with lift coeffici.ent.
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Figure 10.- Variation of drag coefficient with lift coefficient.
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Figure 13. - Verlation of minimum bed coefficient for pure plening, based

on ZQ-percent-buoyancy and test data.
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