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Absgtract

Little doubt exists that the catamaran hull form offers
a considerable operational advantage over the conventional
monchedron hull form under certain specified constraints.
There has been a renowed interest in the application of the
catamaran for high speed , limited displacemen: service.
However, in many instances, model tests have indicated con-
flicting results in the evaluation of resistance data.

Three pairs of symmetric, assymmetric, and unsyrmetric
hulls have been tested at the Ship Hydrodynamics Laboratory
of The University of Michigan to determine the effects of
hull separation, hull form and tunnel height. Data has been
presented comparatively in each case and expanded to a full

scale corresponding to a displacement of 100,000 pounds.
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NOMENCLATURE*
Projected planing~bottom area, excluding
area of external spray strip, sg. ft.

Beam on breadth over chines, excluding
external spray strip, ft.

Mean breadth over chines: AP/LP, ft.

Breadth over chines at transom, excluding
oxternal spray strip, ft.

Maximum breadth over chines, excluding
external spray strip, ft.

Base Line

Breadth over spray strips at longitudinal
center of gravity, ft.

Centex Line

Center of gravity

Total resistance coefficient

Residuary resistance coefficient
Finite water depth, ft.

Froude number based on length = v/\JGL
Froude number based on depth = V/\V GH

Froude number based on volume = V/\] GD 3

Acceleration of gravity, ft/sec2
Average wetted length, ft.
Longitudinal center of gravity
Projected chine length, ft.
Lift--drag ratio

Fffective horsepower

Total model resistance, 1lb f
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T

Rpg : Total ship resistance, 1lbf

Re/

e

Residuary resistance ~ displacement ratio

RTS/A : Total ship resistance - displacement ratio
f\ Rise/vl/3 : CG rise coefficient
S H Wetted surface, sq. ft.
S/VZ/3 t UWetted surface coefficient | ﬁ
Vi : Velocity of wave propagation, ft/sec.
Vg : valocity in knots
Vi : Velocity of the model, ft/sec.
v/ ¥e : Speed-length ratio : 4
ol t Angle of attack at after portion of |
plaring bottom, degrees
A H Scale ratio, ship to model
Aw : Wave length, ft. 1
R H Deadrise angle of planing bottom :
P : Mass density of water g
v : Kinematic viscosity g
v : Volumetiric displacement, cubic ft. ? i
A : Displacement, lbf 5 |
V/APH : Mean draft-water depth rat., |
W : Same as A

*
Nomenclature used is ITTC Standard Symbol and that rec-
ommended in SNAME T & R Builetin 1-23. - §
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Introduction and Background

A significant amount of interest has been shown in the
possible application of the catamaran hull as an alternative
to the standard monohedron hull form. Isolated model tests
have been conducted to evaluate individual designs with re-
spaect to resistance performance. However, only a limited
amount of actual experimental woxk has been done to deter-
mine the hydrodynamic effects of hull interference.

In the 1960's the U.S. Navy limited invastigations
showed that one specific catamaran design had greater re-
sistance than the equivalent mono hull) forms. However,
theoretical investigations ana model tests have shown that
a correctly designad catamaran can actually have less re-
sistance in addition to its other operat.onal advantages.
The theoretical work of Eggers concerning wave interference
effects revealed the strong possibility of reducing signifi-
cantly the wave drag below that of the single hulls. This
was accomplished by phase rel:tionships in the wave pattern.
Work at the National Physical Laboratory [3] has indicated,
howaver, that the interference effects on viscous resgistanca,
could in fact, be the opposite, resulting in an increase in
resistance,

There are various methods available for predicting the
performance of planing catamarans. Stevens Institute has
dont & significant amount of planing boat work both on the

theoretical and experimental lavels. Savitsky of the
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Davidson Laboratory (8] hos developed a computer program for
the pradiction of nower for prismatic planing craft. This
has been modified for catamarans but does not include inter-
ference effects on drag, trim and flow characteristics on
gsponsong and the connecting tunnal.

Planing catamaran studies made by the U.S. Navy have
indicated that the catamaran is inferior at low speads, only
performing well at high speeds, i.e. Fo = 5.0. Howaver, a
study of this work revealed that the tunnel of the model wasw
wetted with solid water. 1This in effect decreased the
Lp/Boy

creasing the wetted surface significantly.

ratio of 6.2/1 (for each of the sponsons) to 2/1, in-

To gain an understanding of why this leads to a hull forxm
of poor rasistance characteristics and what can be dons to
correct this particular aspect of catamaran hull forms,

Figure 1 is provided. For illustrative purposes, a catamaran

hull form can be approximated by a summation of two monohedron

-

hull forms. This is true only as long as the tunnel of the
catamaran hull form, hull form B, has a high, dry tunnel and
thereby sponsons with a 6/1 Lp/Bpx ratio. However, hull form
C, with a low wetted tunnel, acts on a monohedron hull form
with an Lp/Bpx ratio of 2/1 with bottom discontinuity. This
obviously leads to a hull form of poor resistance character-
istics. However, as was discussed in the first paragraph, as

the hull picks up speed, approximate F, > 3.5, the tunnel is

d—*»ocﬁ-m catnte b

v
no longer wetted with solid water and the hull becomes a

catamaran.
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HULL FORM COMPARISON

A. MONOHEDPON HULL FORM
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TABLI 1

MODEL CHARACTRISTICS

LOA

Beam

Depth

Displacement
lbse. @ 700 F

Volume
LCG

Tunnel H2ight
low
high

Sponson Spacing

5"
6.0" (per Sponsm)

5.625*
26" {(per Sponawn)

.129 rr3
9.0" Aft Of FP

4.3" Off Pasc lLino
5.3" Ooff Base Lino

0'
6”
12~
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Test Program

Throe pairs of msdels vare constructed at the Ship
Hydrodynamica Laboratory of The University of Michigan.

A sketzh of each iy providasd in figures 4, 5 and €6 for
the symmetrical, assymmetrical and unaymmetrical hull
forms, respectivaely.

‘'he test matrix included the threo variations of
hull spacing from zero, six, and twelve inches. The sin-
gle sponson was also towed to provide a means of compari-
son. Tunnel height was also varied by cne inch to deter-
mine thu effect of height on rasistance. 1In all cases,
LCG location and displacement were kept constant. Test
conditions are listed in table 1.

An attempt was made to match test results to pre-
dicted valuea for resistance. The Prismatic planing boat
prediction computar proarar s developed by ths Naval
Ship Engineering Center, was modified to be used on tho

cat amaran form.




Instrurentation

; A planing boat dynamonetor davaloped at Tho University
of Michiqan was usel to measure the towing force aloneg the

! propellar shaft centerline. The systom is set such that a
servo~-m:chanism automatically follows tho nmodel trim so that
the towing vod corresponds to the shaft linoc as dasired.

The dynamometer emplovs a two arm systam.

e e m PR N
: / - s ===qr 7 (aRAWAGE MOTION
/
A
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L - '_-.4/ .’—‘4‘\“ ) ‘_"’( ST T ———— e
‘e <I{OW POINT <.
IN MODEL

Figurae 2

The modal is towed so that tho lower arm is in the thrust

plane (so that pivots B and C are in the thrust plane).

Tha upper arm is servo driven to retain this relationship;
the feed back transducer to the servo is at the tow point C.
Then, any attempted displacament of the lower arm from the
thrust plane results in an angular displacement about the
pivot tow point C, and the upper arm angle at pivot A is

servo drive such that pivot B returns to the thrust plane.

-Q=




Figure 3

' i i ic diagram of the
é Planing boat dynamometey.
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Results and Conclusions

Test results are presented as curves of total resis-
tance per pound of displacement versus speed-length ratio
for all conditions. Figure 7 lists the results for all
three of the singlie sponson conditions. Models were
ballasted in order to acheive the "even keel" conditions
for comparison to the various catamaran configurations.
While the curves have indicated that these hull forms
have a close comparison, the symmetrical form had a bit
higher resistance especially at the lower speed-length
ratio, while the assymmetric spounson was low by comparison
to the other.

Correlation cf resistance values for the symmetrical
configuration are listed in figure 8 which the assymme-
trical and unsymmetrical configurations are provided in
figures 9 and 10,respectively.

While some specific trends are observed for each
set of tests, the overall results appear somewhat incon-
clusive . In all cases, the single sponson is the best
overall performer. As might be expected, however, the
worst performer was the combination of sponsons with
z. xo spacing. In general the greater the hull spacing,
the lower resistance was observed. It was also observed
that the tunnel had a distinct effect on the total resis-

tance at lower speeds. However at a speed-length ratio

-14-

o e

Ry




- e

e N CGED oS GED b @i D GED N GEND GEND GEED GEEY S T ey ey o

-

of about 2,5 the effect was lessened, as the tunnel wetness
was reduced.

Hull form appeared within the scope of the model tests
t have a distinct effect on resistance results. The
unsymmetrical hulls were in general the best performers with
the symmentrical hulls only slightly inferior to the assy-
mmetrical sponsons.

Tunnel height, measured from the base line as 4.3"and
5.3" showed almost no variation with resuits and therefore
are not plotted. Since maximum variations were on the order
of 2%, (within the accuracy of the measurements) if it felt
that the variation in tunnel height was not sufficient to
completely divorce its effects.

It is felt that the results do not lend themselves
to prediction methods and therefore wecre not incorporated
within the computer program for prediction of prasmatic

planing craft,

-15-
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Flgure 8
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Figure 9
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Ficure 10
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SINGLE SPONUON
UNSYMMETRICAL HULL FORM

F

=0
Run 4.0

\Y

F, = .630
Run 4.1
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SINGLE SPOW3ION
UNBYMMETRTICAL HULL FORM
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Py = 1.96 :
Run 4.6 '




SINGLE HPONSON
UUSYMMETRTCAL HULL FOR!
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FV' = 2,15
Run 4.7

>
F, = 2.48
Run 4.8 {
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