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NOTATION
Aspect ratio, b/lm
Beam of planing surface, ft
Skin-friction coefficient

Lift coefficient based on principal wetted area,
o/t .
/2° svg, also, Ciq equals C; + Cp

Iy T

Lifting line term in expression for CLS

Cross-flow term in expression for CLS

Lift coefficient based on beam of planing surface,

A/% o Vb°

Lift coefficient based on center-of-pressure location,
A/% p Vzlcp2

Froude number based on volume of water displaced at rest,
in any consistent units V/ /E:;I7§-

Acceleration due to gravity, 32.16 ft/sec2

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

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

Nondimensional center-of-pressure location

Resistance of planing bottom, 1b
V1

Reynolds number,-ifg

Principal wetted area (bounded by trailing edge, chines, and
heavy spray line), sq ft
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Horizontal velocity, ft/sec

Mean water velocity over pressure area, ft/sec

Angle of deadrise, deg

Mdss density of water, slugs/ cu ft

Trim (angle between planing bottom and horizontal), deg
Kinematic viscosity, sq ft/sec

Gross weight (equals planing lift), 1b

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

Volume of water displaced at rest, cu ft

iii






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 l,* 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 (Rﬂﬁ ) 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 RAQ were computed for a number of gross weights from
1,000 to 100,000 1b. 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.



In the present report, graphs of lift coefficient, center-of-pressure
ratio and resistance/displacement ratio are presented for a similar range
of trim angles, but for aspect ratios from 0.1 to 0.3. This range of
aspect ratios corresponds to the case of the slender individual hulls of
the planing catamaran. The graphs have been prepared for deadrise angles of
0, 5, and 10 degrees. This is considered to be the practical range for
most purposes. By means of these graphs it is possible to make estimates of
the ideal high-speed resistance of planing catamarans of a wide range of
sizes and proportions. It is not possible, however, to calculate the
interference effects aof the spray or waves from one hull on the other hull
or on the tunnel roof, and accordingly these effects are not included.
As before, the calculations for the graphs were made by an electronic
digital computer.

It was found possible, from the graphs of the calculated values of
R/A , to determine planing conditions which would give minimum resistance.
Accordingly, auxiliary graphs were prepared which make it possible to solve
sOome catamaran design problems in such a way as to achieve optimum planing

efficiency.

DEVELOPMENT OF GRAPHS FOR PREDICTING RESISTANCE AND TRIM
The equations given in Reference 1 for the pure planing lift and
center of pressure of flat and V-bottom planing surfaces having straight

sections are as follows:

Lift
Lifting line term CLL Cross-flow term CL
C
0.5 T Ar* 2 . . 2 3
CIS=__—?.+A cos“™ (1 - sin B ) + 4/3 sin“T cos T cos B
Center of Pressure
0.875 C + 0.50 C
lcp - LL LC
;m CLS

% 77 in radians.



Values of CLS were calculated for a range of values of B, 7,
and A, using the first equation. These values are presented in the form
of the ratio of CLS

liff coefficient data in this form, rather than in the usual form of C

to % (in degrees) in Figure 1. Presentation of the
IS
versus  , results in graphs which yield greater accuracy when the graphs
are used for making performance predictions.

Values of lcp/lm were calculated using the second of the above equations,
and are plotted as ordinates in Figure 2, with the ratio lcp/b as abscissa.
The values of lcp/b were determined from the selected values of aspect
ratio, and the calculated values of lcp/lm’ by means of the relationship:

1 1 1

1

. _c , m_ ¢, L

b 1 b 1 A
m m

Equations from which the resistance can be calculated were developed

in Reference 2. The final equations are as follows:

CLS v
CLS 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

2
R/A = tanl +f_f_‘__ [(Vm +AA)\]

follows:
0.242
v Cf

Reynolds number is given by

= loglO Re . Cf

C
1 2 Acos B LS .
Re =7 / C A (1 - cos T cos B )

1S

Both a mathematical gxpression 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 AA 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 O-degree

W)



deadrise the calculated value of AA 1is - 00, which yields a calculated
value of R/A also equal to - co. In order to avoid this absurd result
the value of AA in the calculation of Rﬂa was arbitrarily taken to be
zero when the calculated value of AA was negative. The practical
effect of this assumption is that the values of R/A presented in this
report for O-degree -deadrise may be slightly conservative (i.e., slightly
high).

Values of R/A were calculated for a range of values of B, 2° , and
A (as was the case for the calculations of CLS and lcp/lm). However, the
ratio of resistance to displacement is a function not only of 8, %, and
A, but also of the gross weight, A . Therefore, values of R/A were cal-
culated for gross weights of 1000, 5000, 10,000, 50,000, and 100,000 1b.
The values of R/A for a gross weight of 10,000 1b are presented in Figure
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 1b are pre-

sented in Figures 4, 5, and 6.

SAMPLE PERFORMANCE 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 1b

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 (B ) = 10 deg
Distance of c.g. forward of transom (lcp) = 13.0 ft

R/A 1is determined for one pontoon, using the beam and the load

carried by one pontoon (6,500 1b).



determining the planing performance:

The numbered columns below indicate the sequence of

the process of

1| 2 3 L 5 6 T 8 9 10 11 12
T, |1 c S. =

deg IiR A |R/A ?ﬁ 3?% ‘18 b2/A gczzo V,fps kXéts Fg
1.0 .838 | .193 | .515| 6695 | 0041 |.00k1 (46.6 | 34,010 | 18k4.4| 109.2| 13.41
1.5 mem | mmm | com | mmme | mmme | mmee femee | e | oo | mmmen ] eeeel
2.0 | .806 | .186 | .261 | 3395 | .00435(.0087 |48.5| 15,400 | 124.1| 75.5 | 9.03
2.5 ceo | mmm | mem | e | mmee- YRS [T R T —— ———— | —---
3.0 | .779 | .180 | .193 | 2510 | .00465}.01395/50.0 | 9,320 | 96.5 | 57.2 | 7.02
R B RET TN TR (R, [ [ — S — T [T —
Lo .754 | .174 | .169 | 2195 | .0049 |.0196 |51.7 | 6,410 |80.1 | 47.4 | 5.82
b5 | wem | mme| mmm | mmme [ meee | mmee e | mmeee N I T pee—
5.0 | .733 | .169 | .162 | 2105 | .0052 |.0260 |53.2 | 4,700 |68.6 | 40.6 | 4.99

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

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

Then values of the ratio lcp/l.m for the different trim angles are

4.33.

read from Figure 2(c) and entered in Column 2. The values of lcp/lm are

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

These values are entered in Column 3.

Figure 6, and entered in Column 4.

by the boat displacement (13,000 1b) will give the boat resistance in

pounds .

These values have been entered in Column 5.

Next, values of RAA are read from

Then, multiplying the values of RAA

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

the purpose of determining the corresponding values of speed.

determinined by solving for V in the expression C

assumed equal to 1. Then Ve = A/CLs S.

s

2

The speed is
= A/% P SVQ.

p is

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

Multiplying by 7 in degrees gives C

LS

which is entered in Column 7.

Next




S is calculated from the relationshp S = b2/A and entered in Column 8.

The quantity 6,500/SCLs 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 1b; distance of L.C.G. forward of transom is 1l.4k ft. Salt
water assumed at 590F; zero roughness allowance. Deadrise angle is
lOo 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.



The calculated values of resistance and trim for the four designs are
plotted against speed coefficient in Figure 8. 1In 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 because 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 lo 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 h.20, 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 summarize, 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,
while the catamaran hull will assume & higher trim angle which 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 1ift" - is therefore believed to be incorrect.)

CATAMARAN HULLS OF OPTIMUM PERFORMANCE

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. RAS has been
inverted, however, to give‘zS/R, or lift/drag ratio. The values of T
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 1ift coefficient. One is CLb’ which equals

A/% 0 V2b2, and the other is C__, which equals z;/% o Velcpe. There is

a unique value of each of theseLg;nctions for each of the associated pairs of
values of aspect ratio and ¥ 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 lcp/lm

needed for the calculation of Clp' The values of lcp/b and C corresponding

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



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 gravity forward of the transom are known. From the known
quantities, the value of Cchan be calculated {the distance of the center
of gravity forward of the transom is identical to lcp)' Figure 9 can
then be entered with this value of CLp and the corresponding value of
lcp/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 lcp/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'
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