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N(A TION

A Aspect ratio, b/m

b Beam of planing surface, ft

C Skin-friction coefficientf

C i Lift coefficient based on principal wetted area,

also, CL equals CL + CLc

CLL Lifting line term in expression for CIL

C Lc C Cross-flow term in expression for CIS

CLb Lift coefficient based on beam of planing surface,

AS p V2b 
2

C Lift coefficient based on center-of-pressure location,

F7 Froude number based on volume of water displaced at rest,

in any noncistent units V/ 1g7 13

g Acceleration due to gravity, 32.16 
ft/sec2

1 Mean wetted length (distance from aft end of planing surface

m to the mean of the heavy spray line), ft

1 Center-of-pressure location (Measured from aft end of planing
cp surface), ft

1 Nondimenstonal center-of-pressure location
1
m

R Resistance of planing bottom, lb
Vl

Re Reynolds nber, 11-1 M

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

ti



V Horizontal velocity, ft/sec

Vm  Mean water velocity over pressure area, ft/sec

AAngle of deadrise, deg

p Miss density of water, slugs/ cu ft

Trim (angle betveen planing bottom and horizontal), deg

Kinematic viscosity, sq ft/sec

Gross weight (equals planing lift), lb

Effective increase in friction area length-beam ratio due
to spray contribution to drag

V Volume of water displaced at rest, cu ft
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ABSTRACT

This report presents graphs by means of which the high-speed

resistance and trim of catamaran planing hulls of a wide range

of sizes and proportions can be determined. Graphs which give

guidance in selecting parameters which will result in optimum

planing performance are also presented. Values for the graphs

were obtained from equations for the lift, center of pressure,

and resistance of prismatic planing bottoms which were previously

developed by the National Aeronautics and Space Administration

and the David Taylor Model Basin.

INTRODUCTION

Reference 1, by the National Aeronautics and Space Administration, pre-

sented semiempirical equations for the pure planing lift and center of

pressure, on flat and V-bottom planing surfaces. This reference showed that

there was good agreement between results from the equations and data from

extensive tests of prismatic planing surfaces. Subsequently, in References

2 and 3, the David Taylor Model Basin presented equations (utilizing the

NASA equations for lift and center of pressure) by means of which the

resistance of planing hulls at high speeds can be calculated. Comparisons

of the calculated values of resistance with values obtained from tests of

a model of a representative planing boat have showed good agreement.

Reference 3 presented graphs of lift coefficient, center-of-pressure

ratio, and resistance/displacement ratio (R/6 ) for a range of trims,

and for values of aspect ratio from 0.3 to about 2.0. The graphs of lift

coefficient and center-of-pressure ratio are applicable to boats of any

size. The values of R/A were computed for a number of gross weights from

1,000 to 100,000 lb. By means of the graphs of Reference 3 it is possible

to make estimates of the high-speed resistance and trim of stepless and

stepped planing hulls of a wide range of sizes.

* References are listed on page 9.



Values of CLS were calculated for a range of values of A, C,
and A, using the first equation. These values are presented in the form

of the ratio of CLS to '& (in degrees) in Figure 1. Presentation of the

lift coefficient data in this form, rather than in the usual form of CLS

versus , results in graphs which yield greater accuracy when the grAphs

are used for making performance predictions.

Values of 1 cp/1m were calculated using the second of the above equations,

and are plotted as ordinates in Figure 2, with the ratio 1 cp/b as abscissa.

The values of 1 cp/b were determined from the selected values of aspect

ratio, and the calculated values of 1cp/lm, by means of the relationship:

m m

Equations from which the resistance can be calculated were developed

in Reference 2. The final equations are as follows:

R/A = tan' + Cf [ (Vm 2 + AAA

CIS is given by the first equation in the report, and Cf is given as a

function of Reynolds numbers by the 1947 ATTC friction formulation, as

follows:

0.242 .loglo e . Cf

Reynolds number is given by

He- 2Acos (l - CLS
Re-z • CLS A Cos Z Cos$ P

Both a mathematical expression for, and a graph of, AA are given in

Reference 4.- An expanded version of the graph is presented in Figure 7.

The negative values of AX correspond to the case where the velocity of the

spray has a forward component with respect to the planing bottom, and there-

fore tends to reduce rather than increase the drag. However, for 0-degree
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deadrise the calculated value of AA- is - 0o, which yields a calculated

value of R/& also equal to - @o. In order to avoid this absurd result

the value of AX in the calculation of R/A was arbitrarily taken to be

zero when the calculated value of A4 was negative. The practical

effect of this assumption is that the values of R/a presented in this

report fox, O-degree deadrise may be slightly conservative (i.e., slightly

high).

Values of Rf/A were calculated for a range of values of S , T , and

A (as was the case for the calculations of CLS and 1 cp/1 m). However, the

ratio of resistance to displacement is a function not only of 0 , I&, and

A, but also of the gross weight, a. Therefore, values of fR/A were cal-

culated for gross weights of 1000, 5000, 10,000, 50,000, and 100,000 lb.

The values of R/& for a gross weight of 10,000 lb are presented in Figure 3.

These curves will be put to further use later in the report. The values

of R/A for the range of gross weights from 1000 to 100,000 lb are pre-

sented in Figures 4, 5, and 6.

SAMPL PERO4ACE PREDICTION

Values of the ideal resistance and the trim angle of a planing cata-

maran at several speeds in the planing region can be readily estimated by

means of the graphs which have been presented. The following example

illustrates the process of estimating the performance of a typical boat.

The dimensions assumed are as follows:

Displacement - 13,000 lb

Length of boat = 30 ft

Maximum beam over spray strips of one pontoon (b) = 3.0 ft

Average deadrise angle for after-half of length (A) - 10 deg

Distance of c.g. forward of transom ( cp) = 13.0 ft

R/A is determined for one pontoon, using the beam and the load

carried by one pontoon (6,500 lb).

4



The numbered columns below indicate the sequence of the process of

determining the planing performance:

1 2 3 4 5 6 7 8 9 10 11 1 12

1. 1 C S
CP A R/6 R, Iz i 2 65o 'p V, F

deg 1m  lb -Co b /A SC knots V

1.0 .838 .193 .515 6695 .0041 .0041 46.6 34,010 184.4 109.2 13.41

1-5 -- -- -- ,-- - - - - - - - - - - - - - - -

2.0 .806 .186 .261 3395 .00435 .0087 48.5 15,400 124.1 73.5 9.03

2 .5 --- . ...

3.0 .779 .180 .193 2510 .00465 .01395 50.0 9,320 96.5 57.2 7.02
3 .5 --- ... .-- --.--.-- - - -. .--.-- - --- --- - -

4.0 .754 .174 .169 2195 .0049 .0196 51.7 6,410 80.1 47.4 5.82

5.0 .733 .169 .162 2105 .0052 .0260 53.2 4,700 68.6 4o.6 4.99

First a number of trim angles are assumed and entered in Column 1.

Next, the ratio lcp/b is determined. This is:

lcp/b - 13.0/3.0 - 4.33.

Then values of the ratio 1 /1 for the different trim angles are
cp m

read from Figure 2(c) and entered in Column 2. The values of lp /1m are

then divided by the constant value of 1 cp/b to give the aspect ratio.

These values are entered in Column 3. Next, values of R/A are read from

Figure 6, and entered in Column 4. Then, multiplying the values of R/A

by the boat displacement (13,000 lb) will give the boat resistance in

pounds. These values have been entered in Column 5.

The resistance is now known, and the remaining calculations are for

the purpose of determining the corresponding values of speed. The speed is

determinined by solving for V in the expression CS / p SV2. 1: P is

assumed equal to 1. Then V2 = A/Cis S.

Values of CLS/- are read from Figure 1(c) and entered in Column 6.

Multiplying by 2 in degrees gives Cis which is entered in Column 7. Next
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S is calculated from the relationshp S b2/A and entered in Column 8.

The quantity 6,500/SCL is then computed and entered in Column 9. The

square root of Column 9 gives the velocity in feet per second (Column 10).

Speed in knots has been entered in Column 11, and the dimensionless speed

coefficient Fv in Column 12.

The graphs which are presented in this report will give valid pre-

dictions of the performance of individual hulls in the planing region, where

most of the load is supported by dynamic lift. However, they do not give

accurate predictions of performance at speeds where an appreciable portion

of the load is supported by buoyancy. Furthermore, it is important to

note, for the case of planing catamarans, that it is not at present possible

to calculate the interference effects of the spray or waves from one hull

on the other, and accordingly these effects are not included.

CALCULATED PERFORMANCE OF THREE PLANING CATAMARANS

In addition to the automatic computer program which was developed for

the purpose of calculating the values of lift coefficient, etc., which

are presented in Figures 1 through 6, a program was also developed which

would give values of resistance and trim for specific planing boat designs

for a number of speeds in the planing range. The basic equations utilized

were the same as for the previous program (i.e., the basic equations used

were those presented heretofore in this report).

This second program was used to calculate values of resistance and

trim for three catamaran designs and also, for comparison purposes, for

a conventional planing hull. The items assumed for the purpose of the

calculations were as follows:

A is 10,000 lb; distance of L.C.G. forward of transom is 11.4 ft. Salt

water assumed at 59 F; zero roughness allowance. Deadrise angle is

100 for the conventional hull and 50 for the three catamarans.

Maximum width over the chines for the conventional hull is 9 ft,

and maximum bottom width of a single pontoon for the three cata-

marans is 3 ft, 2 ft, and 1 ft, respectively.
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The calculated values of resistence and trim for the four designs are

plotted against speed coefficient in Figure 8. In addition, the

variation of aspect ratio with speed was determined for the four designs,

and is also included in Figure 8. (The same curves could have been

developed by means of Figures 1, 2, 5 and 6 of this report.) The trend

of the curves indicates that the conventional hull has the least resistance

up to a speed coefficient of about 4.6. At a speed coefficient of 6,

however, both the catamaran with the 3-ft wide pontoons and the catamaran

with the 2-ft wide pontoons has considerably less resistance than the con-

ventional hull. At a speed coefficient of 7, the catamaran with the 2-ft

wide pontoons has the least resistance.

This finding that the ideal catamaran resistance at very high speeds

is considerably less than the resistance of a conventional planing boat

was quite unexpected becauae of the obvious fact that the conventional

planing boat has much the higher aspect ratio. Some light is shed on the

situation, however, by considering the important part played by the trim

angle. The performance data of Figure 8 show that as the speed increases,

the trim angle of each of the designs decreases markedly, while their

individual values of aspect ratio change only slightly. Also, it can be

seen that at any given speed the trim angle for the conventional planing

boat is considerably below the trim angles for any of the catamaran hulls.

At a speed coefficient of 7, for example, the trim angle for the conventional

hull is about 10 and its value of aspect ratio is about 0.68. Figure 3(c)

clearly shows that this operating condition necessarily falls in a region

of very high resistance. Now consider the operating condition of the

catamaran with the 2-ft wide pontoons at the same value of speed coefficient.

The trim angle for this case will be 4.2° , and the value of aspect ratio

will be 0.13. Examination of Figure 3(b) shows that this operating condi-

tion gives a value of resistance only slightly above the minimum resistance

for this particular value of aspect ratio. To sulmarize, the reason that

the ideal resistance of a planing catamaran at very high speeds is con-

siderably lower than the resistance of a conventional planing boat (in spite



of the fact that the conventional planing boat has much the higher aspect

ratio) results from the fact that the conventional hull will operate at a

very flat trim angle and, accordingly in a region of very high resistance,

I while the catamaran hull will assume a higher trim angle whi'!h is much

closer to its angle for minimum resistance.

The boat sizes assumed for the above comparison are quite large,

but the same considerations would apply even in the case of small out-

- board motorboats. Accordingly, the above discussion is believed to be

the appropriate explanation for the quite striking successes which have

been achieved by outboard-powered catamarans in racing competitions

against hulls of conventional form. (The explanation sometimes given in

the popular press for the superior performance of the catamaran - its

"aerodynamic lift" - is therefore believed to be incorrect.)

CATAMARAN HULLS OF OPTIMUM PERFOIANCE

The curves of Figures 1 through 3 have been used to construct some

auxiliary graphs which provide guidance for solving planing catamaran

design problems. It can be seen that there is a minimum-resistance point

on each of the curves of Figure 3. These minimum-resistance values have

been plotted in Figure 9 as a function of aspect ratio. R/A has been

inverted, however, to give A/R, or lift/drag ratio. The values of ?Ir

corresponding to the minimum-resistance points are also plotted in Figure 9.

Several auxiliary functions are also plotted in Figure 9, by means of

which a number of interesting design problems can be solved. Two of these

functions are forms of the lift coefficient. One is CLb, which equals

/ V2 b2 , and the other is CLIy which equals A/ p V2 1 2 There is

a unique value of each of these functions for each of the associated pairs of

values of aspect ratio and 1C which correspond to the minimum-resistance

points of Figure 3. The steps involved in obtaining the values for

preparing Figure 9 are indicated in Table I of Reference 3. The auxiliary

graphs of Figure 10 were drawn in order to obtain the values of 1 /1

needed for the calculation of C p The values of 1 lcp/b and C 1 corresponding

to the minimum-resistance condition are also plotted in Figure 9.

l t 8



One of the design problems which can be solved by means of Figure 9

is the determination of the width of a planing bottom which will give

minimum resistance when the weight, speed, deadrise, and distance of the

center of grav~ty forward of the transom are known. From the known

quantities, the value of CLPcan be calculated <the distance of the center

of gravity forward of the transom is identical to 1 cp). Figure 9 can

then be entered with this value of CLp and the corresponding value of

I cp/b determined (this is the value at the same aspect ratio). The value

of the beam, b, can now be calculated. This procedure will be found to

be a useful guide in selecting the width of each of the pontoons of a

planing catamaran. In this case, of course, the weight to be used in the

calculation is the weight carried by one pontoon.

If the ratio I cp/b is known for a design, together with the weight,

deadrise, and speed, Figure 9 can be entered, and b then calculated from

the corresponding value of CLb*

REFERENCES

1. Shuford, C.L., Jr., "A Theoretical and Experimental Study of

Planing Surfaces Including Effects of Cross Section and Plan Form,"

National Aeronautics and Space Administration Report 1355 (1958).

2. Clement, E.P. and Pope, J.D., LTJG, USN, "Graphs for Predicting

the Resistance of Large Stepless Planing Hulls at High Speeds," David

Taylor Model Basin Report 1318 (Apr 1959).

3. Clement, E.P. and Pope, J.D., LTJG, USN, "Stepless and Stepped

Planing Hulls - Graphs for Performance Prediction and Design," David Taylor

Model Basin Report 1[490 (Jan 1961).

4. Savitsky, D. and Ross, E.W., "Turbulence Stimulation in the

Boundary Layer of Planing Surfaces - Part II - Preliminary Experimental

Investigation," Report 44, Experimental Towing Tank, Stevens Institute

of Technology (Aug 1952).

9



0107 -

0,0

.300

.(a) 2Ao

Figur 1 24tceril~/rmAnl aiVneTi nl



-Tl 3.90
50

28

007 ).27

3.26

.007 
0. 2a

D.24

.23

.0070- .22

.20
.00od--

.18

.0062

.16

.005E

.14

.0054

.12

.005C

.09

08

.0042

.08

.OC3(1 0.05

0.04
.0034-

.003c'-,

.002
2 3 4

(b)

Flpure 1 Contlnued.



-~~~ .008 ~ - 7

.0076-------"0-'O *0

8=10 .29

.27

.0- 
D .23

.0064- 1

Y1,~ue 1 -Coflcu.20d



.88=0 I -

lolop/b

(a) ~20
07 lur 2-CNe-fPesr/enWetc-e hRto

Ve NsCne-fP'esr/emRto

07 N~13



.8C

.82-

.78-

. 72

V



.78- _

.'76 -

.74-

.6 4_

lep/b

(o0 - loo
Figure 2 - Corclucled.

15



*2ei 1 VV

.30 Reis -

- Asi

01.0

(a) p -0

.1ur 3 - e1 tn9W~h aioV ru rmAge

1000 lb Dipaeet Sal Waera B 0

.1~ --6



.3- -

.2-

0.04

.2 -- -- - -- - -

2- - \1

0.1 Minimum
0Ronistance 4:5-

.10.1i

(b) 5

Figure ~3 -Continued

1~7



ILL
.E0 -

.3~-

.2--1

0. 02

0.08 \

.2C

(C) F 10*

Figure 3 - Conclud1ed



0.720

0.64

0.30

0.5,0

0.06

kA0.02 0.10 Q-.10

+ 0.11 0.11

0.48 0.2.

0.12 § § 0.12

0.44 0"' 0.13

0.14 0,14

0.40 0.15 0.15
0.18 0.16
0.17 0.17

0.36 0.18 0.20
0 19 0.18
0:20 0.19

0.32 01 0 0.20
S0.21

0.28 0.24 0 .23

0.28 0.26

0.30 0.g8
0.30

024 
............

A~b(a) I - 1" and 90 a,lb .1

Flour'e 4 -ReSIetanOe/Welght Ratio Versus Weight. 1 0'O



t 183=0 0
w

ir-- 0.283

00.14

i.4

0.22~ .3

A- 0.30

*0 .10.1

0.1rg 4 0.13~ujg

0.16



00 4110 . oa 1

ooooot

0009

0009

0000tU

0006

2101

000's



RI

.10l

.14 .40
,.10

.20



.44

.7~

'4.1 
.10. 

~ ~

313

1.13 :1

1.14 .1



03100

.11

.22~~ 0.

6,lbb

0 jj 8; 08

W. '3 41, P*, and A-

rigure a - Conciuded



.is

* 04A

r4

.~~ .a . ..

. . . . . .. . .



2.0 - 0.

Aspec ratio raioA

20.2
.9 -c-- 1 tt.

0
1 Caaaa -.D - - -

00510 15 20

F7

Figure 8 - Calc~ulated Values Of ASPOCt Ratio, Trim. and
Hydrodynamic Dreg for Three Planing Catamarans
and (in. Conventional Planing Bjoat

26



30'

2w- - - - - 1.4

26 0 1.3

2 2 6- 1.1

20 1 AM -- 04 1.0

A.03

.1 .2

22



30

Isz 1.4

as.0%4 1.1

12 3

-- - - - 01

0 ---- -- - -- 0 0
0 .1 .2 .3 .

Aspod PAMl, A

(b) IS'

Fk"i~ 0 (6a0UMN4 - PUMM V.bms o LhAus ("/t for Pafti' hlt 01 Low Aaped
Ratfo, aMd te Comuopdbig Vabms cd r. Cib fmQI andCI

28



2 0- 1.4

26 - . 1.3

24 - - 1.2

20 - .0 -- 0 1.0

1 0 .1 .. 0

2 29



~~1~ 4 Z- - F
1a

11 I I .°- - -, ,-,-, i I ..

-I - F

300

-- !, -- - - - - - - - - - -

-/1 1! 17 ~I
-i //,i~r 1

,!}/ 7 - ..,_

I 4 1 t " -

:1I/ i I30



INITIAL DISTRIBUTION

Copies

13 CEBUSHIPS
1 Tech Asst to Chief (Code 106)
3 Tech Info Br (Code 335)
1 Lab Program Br (Code 321)
1 Prelim Des Br (Code 420)
1 Hull Des Br (Code 440)
2 Sci & Res Sec (Code 442)
4 Boats & Small Craft See (Code 449)

1 CDR, Mare Is. Naval Shipyard (Code 240)
Vallejo, Calif
Attn: CDR E.R. Meyer, UBN

1 CCMDT, US Coast Guard, Washington, D. C.

2 CO, HDQ. US Army Transportation
Research Command

Fort Eustis, Va.
1 Attn: Tech Intelligence Br
1 Attn: Mr. Richard W. Black

4 DIR, Davidson Lab, SIT
Hoboken, N.J.

2 Admin, Webb Inst of Naval Arch
Glen Cove, N.Y.
Attn: Prof Thomas M. Curran

2 Head, Dept of NAME, MIT
Cambridge, Mass.

2 Head, Dept of NAME
Univ of Michigan
Ann Arbor, Michigan

1 DIR, Hudson Lab
Dobbs Ferry, N.Y.

2 J.J. McMullen Assoc.
New York, N.Y.
Attn: Capt. F.X. Forest

1 Chris-Craft Corp
Pompano Beach, Fla

31



1 Higgins Industries, Inc.
New Orleans, La.
Attn: Mr. George 0. Huet

1 Sparkman & Stephens, Inc..New York, N.Y.
Attn: Mr. G. Gilbert Wyland

1;: Gibbs & Cox, Inc
NevYork, N. Y.

1 DIR, Westlawn Sch of Yacht Des

Montville, New Jersey

1 Outboard Marine Corp.
Waukegan, Illinois
Attn: Mr. Harry F. Hillman

All American Engineering Co.
Wilmington, Del.

1 Bell Aerosystems Co.
Buffalo, New York

1 Boeing Airplane C(.
Seattle, Wash.

Chance Vought Corp
Dallas, Texas

Douglas Aircraft Co., Inc.
Santa Monica, Calif

1 Edo Corp
College Point, New York

1 Hughes Fullerton Res & Dev
Fullerton, Calif

1 The Martin Company
Baltimore, Maryland
Attn: Mr. John D. Pierson

Curtiss-Wright Corp
Wood-Ridge, N. J..
Attn: Mr. Raymond F. Schaiefer

32



1 Mr. Joseph G. Koelbel, Jr.
Massepequa, Nev Y" -

1 Mr. Lindsay Lore,
Falmouth Foreside 100, Me.

1 Mr. J.F. Stoltz
LaGrange, Ill.

-1 Mr. Robert G. Mun- L1
Cocoa Beach, Fla

1 CDR Peter DuCane
Vosper Ltd
Portsmouth, England

I Mr. Douglas Phillips-Birt
Iymington, Hants, England

1 Mr. Rodney Warrington Smyth
Falmouth, Cornwall, England

1 Senor Fernando Lagos Carsi
Lopez Mora, 75
Vigo, Spain

1 Mr. Juan Baader
Buenos Afres, Argentina

1 Ing. Pier 0. Majoli
Sansepolcro, Italy

1 SARO (Anglesey), Ltd
Beaumaris, England

1 Fluid Dynamics Laboratories
Seunders-Roe Ltd
Isle of Wight, England

1 British Shipbldg Res Assoc

London W.1, England

10 ASTIA

8 ALUSNA, London

1 Rohr Aircraft Corp. Chula Vista, Calif., Attn: Mr. Harry R. Clements

33



A-1 t

I 1"11!

* -° . • if .,j
* - .-,h

* I.

a. I A. . ,

* .It 1 'i .

10 O l il -I

* M'.a

: . "i .

• I -B '
* aII ,i ti.l

*: tl 42
a-Fl


