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ABSTRACT

By mounting hydrofoils in the center part near the botton
of a catamaran planing hull, the hydrodynamics characteristics of
catamaran planing surface were calculated. Resistance and running
trim of a prismatic model were measured by the free to pitch and
heave method.

It is observed that the drag to 1ift ratio can be reduced
by proper selecting the position and the angle of attack of setting
of the hydrofoil.

RESUMO

Montando os hidrofélios no plano central de Catamaran, as
caracteristicas hidrodinamicos do Catamaran foram calculados. Resis-
téncia e o RT de um modelo prismatico foram medidas usando dois
métodos. Foi mostrado que a relagdo do arrasto a sustentacao pode

ser reduzida se a posigdo e o angulo de ataque do hidrofSlio foram
bem selecionados.
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1. INTRODUCTION

The fundamental research on the hydrodynamics of planing
surfaces has been carried out for many years. Numerous experimental
as well as theoretical results have been published. Apart from
providing resistance and powering information, the influence of
hull form on stability is also one of the major interest in craft
design. The most common form of planing hulls is a v-shaped body.
It is obvious that catamaran planing hull has much greater
transverse stability than the v-shaped form. The deck area can
also be increased by the presence of a catamaran hull. Under the
same running conditions, the drag-lift ratio of a catamaran
planing hull is larger than that of the v-shaped planing hull. And
the catamaran also presents structural difficulty to the designer.

The results of Satitsky [1], Murray [2] and Clement and '
pope [3] enable the designer to calculate the resistance and
equilibrium running characteristics. There is very little infor-
mation available for catamaran planing hulls; in fact, only the
works of Clement [4], Wang et al [5], and Liu et al [6] are known
to the writers. The interference effect of catamaran hulls was
discussed by Satitsky and Dingee [7] and more recently by Liu and
Wang [8]. But the problem of interference is far from being solved.

Clement [p] proposed a lifting surface approach to
planing boat design. Based on this approach the lift to drag
ratio can be much increased. It is the propose of the study to

present some theoretical and experimental results of the effect of
hydrofoil on the planing characteristics of a catamaran hull. A
set of equations showing the running characteristics of a catamaran
planing hull with an hydrofoil mounted in the middle of the hull

are derived. Interference effect of the catamaran hull was
considered. But no considered has been made to the interference
effect of the hydrofoil to the hull. Both theoretical and

experimental studies show that the drag to 1ift ratio is markedly
decreased by presenting an hydrofoil in the bottom of hull.

2, ANALYSIS

At an moderate separation distance, the equations - for



2,

the 1lift coefficient, CLO’ and center of pressure, Cp, were re-
ported by Liu and Wang [8]. The forms are

52
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where
A = mean wetted length beam ratio, Lp/b
C, = speed coefficient, V//b9
T = the trim angle
r = separation ratio, bl/b
A = interference factor (1<A<v?2)
b1 = distance between the two inner surface
b = beam of the hull
It is known that in a certain range of Reynolds number
and a given configuration, the lift coefficient of an hydrofoil

CLh depends only on the angle of attack Tt

= 2
CLh = A + Bt + Crt g

where A, B and C are constants which could be determined experi
mentally. Within a small range of T(0<T<5°), CLh can be approxi-

mately represented by

y 11
=A+BrT (W)

Cin

the values of A and B' for NACA u415 section were found to be [10]
'
A = 0,4 and B = 0,082

Then the lift force Lh can be written as
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where
b2 = span of the hydrofoil
€ = chord length
o = density of the water
' = velocity of the hull

In order to define a consistance lift coefficient with
planing hulls, the lift coefficient of the hydrofoil is defined as

1.1
Crc T——Eh——— = E + Fr (5)
1 p V2b?
where
A T B'b, C
R PRt (6)
£ b*

b § 4 b2 =C = 5cm and b = 15cm togather with the values of A and
]

B , Eq. (4) assumes the form

1.1

Cpp = 0,0844 + 0,00917 (7

The drag coefficient of NACA 4415 wing section in the
small range of angle of attack is equal to 0,007. Therefore the

drag of the hydrofoil is given by

1
= 2
D, = 0,007 . p Vb,C (8)
The total 1lift coefficient of the catamaran planing hull with

hydrofoil, C; ,is made up of the 1lift coefficient of the catamaran
and that of the hydrofoil.

where CLB is the 1lift coefficient of a planing hull with deadrise

angle B,
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0.6 :
CLB = CLO - 0,00658 CLO (10)

And the overall drag-1ift ratio of a catamaran with hydrofoil is

obtained,
D 3
R 5 (11)
A A A
Pg
where — is drag 1lift ratio of the catamaran with deadrise angle
A
B. Its form is
2
DB (Vp/v) Ce r
— _ tant + ( + 2) tant)) 12}
S C;, cost cosB
where
v = 'speed of the catamaran
Vn = the average bottom relative velocity
Ce = skin friction coefficient

Eq.(2) can be used to calculate the center of pressure
without hydrofoil. If the center of gravity of the hydrofoil A
located at a distance x from the center of pressure of the hull is
located at Cpbl),the overall center of pressure from transom, %, can
be calculated by '

(LB + Lh)z = Cpb)\LB + (2 - x)Lh

or &
2 = Cbr - x — (13)

¥ L

B
where £ must be equal to the overall center of pressure of the

system and x is positive when the center of pressure of hydrofoil
is located behind the center of gravity. If x=0, 2=Cpb2, which
is as expected. Under this condition, Eq. (2) still can be wused,
but the values of C, , and Cig are changed due to the 1lift con-
tributed by the hydrofoil. Thus CLB is defined as
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A - A -
Cip = % ' 3 g Eh (14)
5pV2b2 f Epcvb g

Equating Eqs. (9) and (13), it becomes

A - . 0.6 -
In = ¢ - 0,0085 B Cpy (15)

i 8 2 3
'é‘pcvb g

With the aid of Eqs.(4) and (9), Eq.(14) becomes

A

= id 1

1 0.6
E + (F+m)T - 0,0065R(mt™"") (16)

E ) ]

where m is the ratio of CLO/Tl‘l

and (2) for given values of A, Cy, Cp and r. Since E and F are
all positive, Eq.(16) shows that the trim angle is decreased due
the effect of hydrofoil. ‘
If B=0, a simple equation for trim angle can be obtained. Its form
is
A-2Em Clp'g

I S 2 (17)

% o Ct b? g (F+m)

which, again, shows that the trim angle is decreased.

3. COMPARISION AND DISCUSSION

Some results of experimental study of catamaran planing
hulls with and without hydrofoil mounted in the middle of the hull
was performed in a small towing tank of the University of Singa-
pore [10]. The model was made in mild steel plate. It was 40 cm
long and 15 cm wide. The separation ratio was 0.667 and the
deadrise angle was 15 degree. A hydrofoil of NACA 4ul5 wing
section was mounted in the middle space of the hull under the cen-
ter of gravity of the hull. The mass of the model togather with
its support was 1.795 kg. A counter mass of 1.25 kg was used £
reduce the effective mass to 0.545 kg. The free to pitch and

which can be found from Eqs. (1) . °
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5 he'ave method was used to measure the drag and the trim angle
l"during steady running. The drag was measured by a strain gauge
i balance mounted at the same sectlon of center of gravity. The load
,;coefficient of the model for all the measurements was approximately
5.39,

A Figure 1 shows the variation drag-lift ratio and trim

‘{ﬂn‘gﬁgle'with velocity coefficient without hydrofoil. The calculated
. v vesults for A=1 and A=Y2 are also shown. Figure 2 shows the
;*V?Vregults with hydrofoil for the same model under the same condi-

R “"?'tiona. It can be seen that both the drag-l1ift ratio and trim
".. angle of the model with hydrofoil are smiller than those without
' | hydrofoil. '

Figure 3 shows that the calculated results of a cata-
“ maran planing hull with zero deadrise angle. The following data
f"..‘?was used to perform the calculation:

A = 0,545 kg

b = 15 em

bl = 5 cm

E = 0,0444

F = 0.0091

A = 1

r = 0.667

t = temperature of water = 26°C
B = 0

"E‘igure 3 again shows that the trim angle and the drag-lift ratio
are decreased for the case with hydrofoil. In this calculation,
the hydmfoil was assumed to mount under the center of gravity.
The center of gravity is located at 18cm from the transom.

, The location of the hydrofoil mounted will effect the
result of calculation, as was shown in Eq. (13). The trim angle
can be decreased or incraased by pmper adjusting the position of
_the hydrofoil, Prom this results, it can be seen that to locate
the hydrofoil dirictly under the center of gravity of the hull can
reduce both the trim angle and the drag-lift ratio. The amounts of
reduction depend the relative size of the hull and hydrofoil and
the shape of the wing section as well.

The interaction between the hydrofoil and the hull is a
problem, It is impossible to fund the interference between them
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theoretically. In this study, no interference between the hull
and the hydrofoil was considered.

§

4, CONCLUSION

By mounting a hydrofoil in the proper position of a
catamaran planing hull, the drag-lift ratio can be reduced. The
amount of reduction depends the relative size of the hull and the
hydrofoil and the shape of wing section being used.The preliminary
calculation shows that the drag 1ift ratio can be reduced about
10 ~ 20%.

REFERENCES

[1] Savitsky, 0., Hydrodynamic Design of planing Hulls, Marine
Technology, Vol. 1, No. 1, pp. 71-95, oct. 1964,

[2] Murry, A.B., "The Hydrodynamics of Planing Hull", SNAME, Vol.
79, pp. 366-404, 1950.

[3] Clement, E.P. and Pope, J.E., Stepless and Stepped Planing
Hull - Graphs for performance Prediction and Design, David
Taylor Model Basin Report 1u490. Jan. 1961.

[+] Clement, E.P., Graphs for prediction the Ideal High Speed
Resistance of planing Catamaran, ISP Vol. 9, No. 99, pp. ubu-
477, 1962.

[s] wang, C.T., Liu, C.Y. and Guo, C.L. Effect of the Separation
ratio on the Still Water Resistance of Catamaran Planing Hulls
NTU-INA-34, May 1975.

[6] Liu, C.Y., Wang, C.T. and Hu, D.Y., Model Test of the Still
Water Resistance of a 36 feet Planing Boat. NTU-INA-33, May
19755

[7] savitsky, 0. and Dingee, D.A., Some Interference Effects
Between Two Falt Surfaces Planing Parallel to Each Other at



(e]

o]

[10]

High Speed. J. of the Aeronautical Science, pp. 419-420,
Jan 1950,
Liu, C.Y. and Wang, C.T., On the Interference Effect of

Catamaran planing Hulls, Accepted by Journal of Hydronautics
ATIAA (1978),

Clement, E.P., A Lifting Surface Approach to planing Boat
Design, Isp. Vol. 23, Sept. 1976.

Gan, H.H. and Hong, L.T., Hydrodynamics of Catamaran planing
Hulls, Final year report, University of Singapore, 1978.



917

> 'U

4F. ./O/O/
/G
2 r

o
5
2t
A
o fagiaty
' | < Cy 3

Figure |. Comparison with experimental results

without hydrofoil
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Figure 3. Comparison of catamaran planing hull

with and without hydrofoil



