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MODEL OF BUSHIPS 52-FT LCSR, SCHEME C,
UNDER TEST IN WAVES

AT DAVIDSON LABORATORY
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INTRODUCTI ON

This report describes 1:16 scale model tests of

three competitive planing boat designs for a Bureau of Ships

52-ft LCSR, a high-speed landing craft. Two of the three

designs, designated Scheme A and Scheme B, were furnished by

the Buoeau of Ships and are convent lonal hard-chine planing

boat types. The chief difference between the two designs is

the shape of the bottom -- Scheme A has bottom sections that

are convex in shape and the bottom sections of Scheme B are

concave in shape. The third design, designated Scheme C, was

furnished by an independent yacht designer, Mr. C. Raymond

11unt of Marblehead, Massachusetts, under an arrangement with

the Bureau of Ships This design featured a high deadrise

bottom with rounded sections at the keel. In addition, the

bottom was fitted with longitudina. "hydrolift" strips.

All designs were tested for resistance in calm

water at various displacements including a standard condition

prescribed by the David Taylor Model B1asin, In addition, the

Scheme A model was tested with an appendage configuration con-

sisting of twin shafts, struts, ru1dc.1;V;, and propeller pro-

tective skegs.

Wave tests in irregular, Jong-crested tank waves

simulating a State 3 sea were conducted with all models at

several displacement and trim conditions. Model resistance

and accelerations at the bow and the center of gravity were

measured over a range of speeds from 20 - 40 knots in head

seas. Scheme A was also tested in following seas.

Motion pictures of representative wave test runs

were taken.

All work was performed under Contract NObs-78349,

Task Order '(, 8, and 10, administered by the David Taylor

Model Basin.
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DESCRIPTION OF EXPERIMENTS

Models

Scheme A and Scheme B 1:16 scale models were con-

structed for Davidson Laboratory by a subcontractor. The

models were made of sugar pine with a five-coat lightly

sanded varnish finish. Brass appendages for the Scheme A

model were fabricated and installed by the Davidson Laboratory

shop. These models were designated a,- DTI-2389 and DL-2387,

respectively. The Socheme C model, designated as TMB-4876 and

constructed by the David Taylor Model Basin, was of balsa

wood coated with plastic resin and a grey-painted finish.

For wave tests, an aluminum foredeck and breakwater were added

to each model.

For calm water tests, thio models were ballasted

statically to freeboards corresponding to the required trim

condition, and the LCG was then measured. A similar method

was followed for the wave tests; however, following determina-

tion of the required LCG, the model was balanced dynamically

by the pendulum method to determine the radius of gyration,

For the light displacement case, ()I5l()00 Ibs), the models

were ballasted to a radius of gyration equal to 28% of the

LBP, a value assumed to be a realitic representation of con-

ditions on the full-size vessel. The 50,000 lb and 55,000 lb

displacements were achieved by adding concentrated weights at

the appropriate locations to give the desired LCG. The radius

of gyration for these cases was then measured and recorded.

Drawings of the models, together with model dimen-

sions and characteristics, appear in Figs. I through 3 (a, b

and d of each). A tabulation of model and full-size character-

istics for each test appears in Table I. Figure 4 shows a

photograph of the appendage configuration on the Scheme A

model and the "hydrolift" strips on the bottom of the Scheme C

model.
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Calm Water Tests

Calm water resistance tests were conducted in

Tank No. 1 (100 ft x 9 ft x 41 ft), using the standard planing

boat test procedure followed by Davidson Laboratory. The

models were towed in the horizontal plane from a point at the

bow on the extended shaft line. A realistic representation

of the boats running attitude is achieved by the application

of a vertical force at the tow point of sufficient magnitude

to give a resultant towing force in the shaft line. Running

wetted areas were determined at each speed by observation of

waterplane intersections at keel, chine, and transom. Re-

sistance measurements were made by visual observation of a

deadweight-spring balance.

Included in the test program were tests of each

model at a standard test condition prescribed by David Taylor

Model Basin. In this condition, the displacement volume, V,

is determined by the ratio of projected bottom area A, to V.

A standard value of

A _

A 7.0

is used for these tests. Furthel, the ICG is located 6% of

the length aft of the centroid of the projected bottom area.

The Scheme A and Scheme B models were tested at

four other displacementsj each at level static trim. The

Scheme C model was tested at level static trim at one other

displacement.

Rough Water Tests

Rough water tests were conducted in Tank No. 3.

using the free-to-surge servo-controlled apparatus described

in ref. 1. In this apparatus, the application of a towing

force to the model and auxiliary subcarriage causes a longi-

tudinal displacement of the subcarriage with respect to

R-854
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the main carriage. This displacement in turn generates a

signal through the servo-control system which causes an

acceleration of the main carriage. Conversely, if the sub-

carriage is displaced in the opposite direction, the main

carriage decelerated. Thus, in effect, the model proceeds

down the tank under the action of a towing force free to

check and surge as it encounters waves with the main carriage

simply keeping pace with the mean speed of the subcarriage

and model. The apparatus also permits the usual freedom in

heave and pitch.

The following events were measured simultaneously

and recorded on chart paper, using a light beam galvanometer

oscillograph:

1) Acceleration at Station 0

2) Acceleration at CG

3) Wave profile at a fixed point in the tank

4) Instantaneous speed of model

Average speed was de6ermined by measurement of elapsed time

over 140 ft of run.

Inasmuch as determination .Y the added resistance

due to waves was one of the primary l(ost objectives, it was

decided first to make a series of ;-wooth water runs to define

a curve of model resistance. This curve was then compared to

a similar curve defined by the rough water model resistance,

and the resistance increment determined. By following this

procedure, it is felt that the effect of internal frictional

losses in the apparatus were minimized. No forces were

applied to simu-late the vertical thrust component in either

case.

The wave pattern employed in the rough water tests

approximated in full size a State 3 sea whose average height

is about 2.5 ft and whose average period is about 4.4 secs.
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A fully-developed State 3 sea is generated by a wind of

velocity 11-16 knots of about 6 hours in duration. To insure

uniformity of the wave pattern, the period of 50 cycles of

the wavemaker was measured on each run, Runs with unaccept-

able deviations of period were repeated. In addition, the

model was started at the same point in the wave program for

each run. As the model speed increased, the number of en-

counter cycles decreased; therefore, at the higher speeds

(30, 35, 40 knots - full size), two runs were taken at each

speed in different parts of the wave program in order to en-

sure a sufficiently long statistical sample.

Each model was tested at the full-size displacement

of 55,000 lbs, level static trim. In addition, the Scheme A

and Scheme B models were tested at 45,000 lbs with a bow-down

trim and 55,000 lbs with a bow-up trim. Further t6sts were

made with the appendages set shown in Fig. 4 installed in the

Scheme A model and with bottom strips, also shown in Fig. 4.,

removed from the Scheme C model.

Black and white motion pictures were taken of repre-

sentative test runs.

A summary of the experimental test program for each

model, and model and ship characteristics for the various test

conditions appear in Table I.

0
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RESULTS

Calm Water Tests

Results of the tests of each model at the DITMB

Standard condition are tabulated in model size in Figs. lb,

2b and 3b based on these tests. Predictions for a ship at

the standard comparison displacement of 100,000 lbs are dis-

played in Figs. 1c, 2c, and 3c.

Figures 5 through 8 compare predictions of EHP,

Running Trim, and Rise at Stern for the 60,000 ib, 55,000 lb,

50,000 lb and 45,000 lb displacements. The poor performance

of Scheme C led to the abbreviation of its test program; con-

sequently, it appears only in the display for the 55,000 lb

test, Fig. 6.

The charts show the following trends:

a) There is little significant difference between
Scheme A and Scheme B in powering requirements.
The largest differences on the order of 50 EIIP,
or less, appear at the heaviest displacement,
60,000 lb where Scheme A shows a slight advantage,
except at the highest speeds.

b) Scheme B has somewhat larger running trims in the
middle speed range of 20 - 30 knots. Differences
here vary from about .40 at the light displace-
ment, to .750 at the heaviest.

c) There is little significant difference in the Rise
at Stern of Scheme A and B.

d) Scheme C has substantially greater EHP requirements
and as much as several degrees larger running trims
than the other designs. In the lower speeds, the
transom squats as much as .75 ft deeper.

The poor performance of Scheme C model is of in-

terest, particularly in view of its highly publicized design

features which have been incorporated very successfully in

25-ft and 31-ft stock boats. First, some scale effects may

be present in a model test of this type of design due to

possible differences in the degree of ventilation of the

R-854
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bottom strips between model and ship. This is believed to be

principally a small reduction in wetted area which may not be

reflected in the model test. It is not considered to be a

major source of error. The comparison shown in Fig. 6 is

most probably quite a valid one.

The Scheme C design incorporates a transom of weak

lifting ability, high deadrise, and bottom strips which may

generate some additional lift in the lateral flow region of

the stagnation line. All these features tend to produce

larger trims, and indeed, this boat is a very "high trimmer."

Many tests over a long period of time at Davidson Laboratory

have indicated that the optimum trim for most planing craft

lies in 30 - 4' range. Both Schemes A and B fall in this

range over the middle and high speed range but Scheme C lies

in 50 - 60 range. In a smaller boat operating at higher

speed-length ratios, this might be desirable, for the boat

would have a tendency to flatten out to the optimum trim at

the high speeds. In a larger boat, however, It does not

appear to be attractive.

The formidable array of appendages on the Scheme A

model caused some concern. Normally, when the resistance of

a ship is predicted from a model test with appendages using

the usual extrapolation methods, the prediction is a little

high. This tendency is shown by Clement in ref. 2, Figs. 4,

5 and 6. Resistance coefficients of the 1/5 and 1/10 scale

appendage sets tend to show larger values at low Reynolds

numbers than those indicated by the tests of the larger

appendage models.

Since such a large amount of appendage was present

on the Scheme A model extrapolation methods were changed in

an effort to avoid the overprediction. Model appendage drag

was known by simply subtracting Test IB from Test 2A. The

frictional component of this drag was estimated and expanded

R-854
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using an extrapolator line other than the Schoenherr line.

The extrapolator line was adapted from information in ref. 3

on the drag of airfoil sections at lower Reynolds numbers and

using a mean value of thickness to length ratio of .11.

Reynolds numbers of each appendage component were determined

using 95% of the free-stream velocity and the length of the

appendage component in the direction of the flow. The extra-

polator curve is shown in Fig. 9, and the results of the EHP

expansion using this method are given in Fig. 10.

A check of this method gives Cr values consistent

with those reported by Clement. It is felt, however, that

the values are still somewhat high and that a steeper extra-

polator curve would further improve the prediction. Further

research in this area is certainly indicated.

Photographs of the models underway are given in

Figs. 12-17. Of particular note here is the difference in

the spray characteristics of the three models. Scheme B

throws the spray out and down more than Scheme A, while the

bottom strips of Scheme C are quite effective in breaking up

the spray.

Pertinent data from all the calm water tests other

than the DTMB standard conditions appear in Table II.

Rough Water Tests

The method of determining the increment of model

resistance in waves has been described earlier. Results are

presented in Fig. 17, showing the effective horsepower incre-

ment, AEHP, obtained by expanding the model increment by X 3 ,

and the Total Effective Horsepower obtained by adding sEHP to

the calm water EIP curves presented in Fig. 6.

The results show that Scheme A has a somewhat lower

increment at high speeds than Scheme B. Scheme C has a sig-

nificantly lower increment but the higher calm water resist-

R-854
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ance still gives a greater total EHP requirement than either

Schemes A or B, except at the highest speed.

Accelerations at the center of gravity were

measured by an accelerometer mounted on the servo carriage

which was pivoted at the model CG (see frontispiece). Un-

fortunately, the vibration of the mast generated a background

noise on the records which defeated any useful reduction of

these data; consequently, no information on CG acceleration

is presented.

Accelerations at Station 0 were not subject to the

same difficulty. A comparison of these results in head seas

is displayed in Figs. 18-20 and for the three basic wave

test conditions. Since Scheme C was tested only at 55,000 lbs,

level trim, these results appear only in Fig. 20.

The presentation shows two statistics: the average

of all acceleration cycles, and the average of the 10% largest

acceleration cycles. Accelerations occurring on the half

cycle during which the bow is displaced down are identified

by "bow pitching down" on the charts. It is during this half

cycle that the severe impacts and slams occur. Accelerations

on the other half cycle are much more moderate.

In interpreting these wave test results, it should

be borne in mind that they do not constitute as precise a

prediction of full-size behavior as in the case of the calm

water tests. They are valid primarily as a basis of compari-

son between models. Variations in model construction, wave

pattern encountered, and in fact, the accelerometer used -

could all have an effect on results in any particular sea

state.

The results indicate that for each of the test con-

ditions, the Scheme B model encountered larger bow accelera-

tions than the Scheme A model. In the high speed range, the

R-85
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differences were generally smaller. In the 55,000 lb level-

trim test, the Scheme C model encountered substantially

larger accelerations than either Schemes A or B. This fact

was visually evident during the tests and is confirmed by the

motion pictures. It is attributed to the high trim character-

istics of the Scheme C model. With a large initial angle of

attack, the model had a very distinct tendency to lift off

the crest of one wave and slow down on the fact of the next.

The frontispiece shows such an encounter.

The effect on bow accelerations of adding the

appendage set to the Scheme A model is shown in Fig. 21.

Lower accelerations are encountered in the high speed range

with the appendages installed. There are two factors which

probably affect this:

a) the unusually large appendage set which includes
a long horizontal skid may introduce some motions
damping

b) the appendages caused some reduction in calm water
trims at high speeds.

Figure 22 indicates that when the bottom strips are

removed from the Scheme C model, lower accelerations are en-

countered. Again, removal of the strips resulted in a reduc-

tion of the running trims. This reduction is the probable

explanation for the reduction in acceleration amplitude.

The Scheme A model was tested in following seas at

speeds up to 30 knots. The accelerations were virtually zero

throughout most of this speed range. It did not seem worth-

while to continue these tests with the Scheme B model.

R-854
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MODEL PARTICULARS, TEST CONDITIONS, AND RESULTS

Boat 52-ft. LCSR LaboratoryDavi dson Laboratory Water Temperature 70 deg.

Scheme A Basin Tank No. I Specific Weight 62.3 1bs/ft3

Model Number DL 2389 Basin Size 100'x'x4-1/2' Model Material Pine

Appendages Sprav StriDs Model Length 3.25 ft Model Finish Varnish

Test I-E Date 4 Jan. 1961 Turbulence Stimul. .04" Strut

Remarks: Model was towed in the shaft line shown in the profile drawing.

Planing Bottom Dimensions LWL Dimensions and
and Coefficients Coefficients

Lp 3.03 ft L

Bpx 0.74 ft Bx

BpA 0.603 ft H
Ap 1.827 ftZ  L/Bx
Ap/V2/3 7.00 L/V'3

Lp/V 03 5.93 C8

Lp/BpA 5.02 Cp
Cw

Model Test Condition

A,lb 8.30 7o 75° 0o .75;°

LCG location 1 . 214' forward of Station 10

(LCG location 6.0 percent Lp aft of centroid of Ap)

Model Test Results

Wetted Wetted Change CGlength length -6 2of
V, knots Rt,lb of keel, of chin, RexO- S, ft 2 13 Ct trim, rise, Fv

ft ft deg in.

2,46' .517 2.92 1.00 1159 1".60 19.9, 0.93 -. 12 1.02A

3.855 .898 2.87 .92 1.78 3 - q 2-.23 +..n9 1 Anr:
4.896 1.093 2.833 23_ 1. 8986r 2-4; +.- 2 _n
5,583 _1.228 2.79 1-7 2.S1_1 1 ,66-1 2.30 1+.34 2,3246.283 1.320 2.83, 1.50 2.86.5 i7 6.77 2.30 +.39 2.61S
6,974 !.1459 2'.75 1 .42 3.091 -1.,642 6.-617 -2.38 +_51 2-903

7.669 1.561 2.75 1.33 34_00 1.60 6.00 2.15 +.55 3.193
8.015 1.6601 2.7S 1.33 3.553 1.60 5.843 2.24 +.57 3,338
8.710 1806 2.75 1.11 1.861 1.60 5,381 2.00 +_61 3-627
9.406 208 27 1.25 4.169 I.6 5.34 1.77 +70 3-16
10-097 _2240 2.75 1.25 4.476 1.56 5-097 1.54 +_69 4.205

FIGURE I-B.
R-8 54



PERFORMANCE CHARACTERISTICS
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FORM CHARACTERISTICS
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- Notation ---

As for as possible the notation used is consistent with the Society's "Explanatory Notes for Resistance and

Propulsion Data Sheets" (Technical and Research Bulletin No. 1-13). Exceptions and additions are listed below.

The subscript P designates the planing bottom which is the portion of the bottom bounded by the chines and transom.

Ap Projected planing bottom area,excluding area of external spray strips

BP Beam or breadth over chines, excluding external spray strips

BPA Mean breadth over chines, Ap/Lp

Bpx Maximum breadth over chines, excluding external spray strips

Lp Projected chine length

S Area of wetted surface (This is the actual wetted surface underway including the area of the
sides which is wetted at low speeds and the wetted bottom area of external spray strips;
however, the area wetted by spray is excluded).

o Angle of attack of stern portion of planing bottom in degrees

Dead rise angle of planing bottom in degrees. This angle is obtained by approximating each
body plan section by a straight line.

A Displacement at rest, weight of

" Trim angle of hull with respect to attitude as drawn in degrees

V Displacement at rest, volume of

Subscript 0 indicates value when hull is at rest in water.
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MODEL PARTICULARS, TEST CONDITIONS, AND RESULTS

Boat 52-ft. LCSR Laboratory DAVIDSON LABORATORY WaterTemperature 70 deg.

Scheme B Basin Tank No. I Specific Weight 62.3 lb/ft3

Model Number 0l 2387 Basin Size I00'x9x4-1/2 Model Material Pine

Appendages Spray strips Model Length 3.25 ft. Model Finish Varnish

Test I-E Date 12 Jan.1961 Turbulence Stimul. .0411 Strut

RemarkuE Model was towed in the shaft line shown in the profile drawing.

Planing Bottom Dimensions LWL Dimensions and

and Coefficients Coefficients

Lp 3.02 ft L

Bpx 0.75 ft Bx

BpA 0.636 ft H
Ap 1.921ft2  L/B X

Ap/V2/3 7.00 L/ 03
Lp/V/3 5.77 Co
Lp/BPA 4.75 Cp

Cw

Model Test Condition

6, lb 8.90 .660 do .660
LCGloctio 1.212'

LCG location forward of Station 10
(LCG location 6.0 percent Lp oft of centroid of Ap)

Model Test Results

Wetted Wetted Change CG
length length 1Rexl - 6 S, 2  3 Ct tf, rise, FV

V, knots Rt l b  of keel, of chine, ft 103 Ct trm r s
ft ft deg in.

2.463 .59 2.96 3.02 1.168 2.52 1.7.93 -- 17 I-nl-i

3.855 1.030 2 .87 2.00 1.772 2.22 11.30 2.60 +.06 1-,J&
4.896 1.218 2.8 .87 2.218 2.05 8.99 2.68 +.2-3.. 2.1
6.283 1-432 2.79 L.58 2.806 1.80 7.32 .90 +.54 2.;83
6,974 1,559 2.75 1.42 3.070 1.64 7.08 2.76 +- 28
7669 .275 1.33 3,377 1.60 6.49 2.68 +-68 1-155

-.A-n 1-762 2.71 1.29 3,478 1.57 6.32 2.38 +.76 3297
8711.908 2.71 1.25 3,779 1.56 583 2.30 +.79 3.582

10,097 2.389 2.71 1.21 4.381 1.54 5.51 j.63 +.,86 4.153

FIGURE 2-B.
R-8 5)l



PERFORMANCE CHARACTERISTICS
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FORM CHARACTERISTICS
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Stations

--___ Notation

As far as possible the notation used is consistent with the Society's "Explanatory Notes for Resistance and
Propulsion Data Sheets" (Technical and Research Bulletin No. 1-13). Exceptions and additions ore listed below.
The subscript P designates the planing bottom which is the portion of the bottom bounded by the chines and transom.

Ap Projected planing bottom area ,excluding area of external spray strips
Bp Beam or breadth over chines, excluding external spray strips

BPA Mean breadth over chines, Ap/Lp

Bpx Maximum breadth over chines, excluding external spray strips

Lp Projected chine length

S Area of wetted surface (This is the actual wetted surface underway including the area of the
sides which is wetted at low speeds and the wetted bottom area of external spray strips;
however, the area wetted by spray is excluded).

o. Angle of attack of stern portion of planing bottom in degrees

Dead rise angle of planing bottom in degrees. This angle is obtained by approximating each
body plan section by a straight line.

A Displacement at rest, weight of

7- Trim angle of hull with respect to attitude as drawn in degrees

V Displacement at rest, volume of

Subscript o indicates value when hull is at rest in water.
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MODEL PARTICULARS, TEST CONDITIONS, AND RESULTS

Boat 52-t LCSR Laboratory Davidson LaboratOWer Temperature 70.* °

Scheme C Basin Tank No. 1 Specific Weight
Model Number DT) MI 4876 Basin Size 100-x91x412  Model Material Balsa
Appendages Sp1ray St'IDs Model Length ..25 ft. Model Finish Resin and paint

Test 1B Date 28 mar 61 Turbulence Stimul. ,0 41t strut

Remorksa Model was towed in the shaft line shown in the profile drawing.

Planing Bottom Dimensions LWL Dimensions and

and Coefficients Coefficients

Lp 3.12 ft L

BPx 0.89 ft Bx
BPA 0.72 ft H
Ap 2.24 ft 2  L/Bx
Ap/V2/3 7.00 L/V03
Lp/Vl/3 5.51 CB'

Lp/BPA 4.33 cp
Cw

Model Test Condition

A,lb 11.26 ..800 do ,80°

LCG locatio • -4 1 forward of Station 10
(LCG location 6 percent Lp aft of centroid of Ap)

Model Test Results

Wetted Wetted Change CG
knots R lb length length fRex16 SftZ 103 C, trim, rise,

of keel, of chine, g rim n
ft ft dog in.

2.46-, -.700 2.Q6 1-00 1178 1.- go21 -9F 1-4 -- 2 _Q7f
.5o5 1 .54r P.6P 1 .71 1 .4 792.07 21.9E 4. .0 ] _99 87

4-201 L.791 2.50 I.81. .91 1.96 18.7T %4 .R1 1.662T. 1.42 .90b I. 4 15L.. d' .57 1.917
5.98-A 2.011 2.1 1.950 1.6 145 . 2

6 .28 : 12 .-05S9 2 .0 1 . 7 2 104l 1!.55 1 2, ( k 10 2 .I -fo
6.974 12 .1071 2.00 1.04 22116 1.45 10.82 5.7 1.6 .607-66q 2-146 1.9q6 02 P P 1.17 9.6°( 5.4 1.29 -0L.0F
.710 2.240 192 0.79 2. 1.29 b.2bL 1.34. .47

2_40 2.q6r 1.87 0.71 2 8 2'1.22 . 2 8 .3 3.722
0 .9 2 .j4 1.87 0.67 1 . 4 . ] 7 .46 b 6 1 . L 3 99b

FIGURE 3-B.
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PERFORMANCE CHARACTERISTICS
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FORM CHARACTERISTICS
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Notation

As for as possible the notation used is consistent with the Society's "Explanatory Notes for Resistance and

Propulsion Data Sheets" (Technical and Research Bulletin No. 1-13). Exceptions and additions are listed below.

The subscript P designates the planing bottom) which is the portion of the bottom bounded by the chines and transom.

Ap Projected planing bottom area ,excluding area of external spray strips

Bp Beam or breadth over chines, excluding external spray strips

BPA Mean breadth over chines, Ap/Lp

Bpx Maximum breadth over chines, excluding external spray strips

Lp Projected chine length

S Area of wetted surface ( This is the actual wetted surface underway including the area of the
sides which is wetted at low speeds and the wetted bottom area of external spray strips;
however, the area wetted by spray is excluded)..

Angle of attack of stern portion of planing bottom in degrees

A Dead rise anglo of planing= bottom in degrees. This angle is obtained by approximating each
body plan section by a straight line.

A Displacement at rest, weight of

7r Trim angle of hull with respect to attitude as drown in degrees

V Displacement at rest, volume of

Subscript 0 indicates value when hull is at rest in water.
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APPENDAGE CONFIGURATION ON SCHEME A MODEL

ARRANGEMENT OF LONGITUDINAL STRIPS ON SCHEME C MODEL

FIGURE 4.

R--854
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BASED ON TEST OF SCHEME A MODEL, Az55,000 LB 2000
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FIGURE 10. INCREASE IN EFFECTIVE HORSEPOWER DUE TO APPENDAGE
RESISTANCE.
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