


Per Werensk io ld ,  P r i n c i p a l  Research Engineer ,  MARINTEK. (Norwegian 
Mar ine Technology I n s t i t u t e )  

INTRODUCTION. 

Performance p r e d i c t i o n  t o o l s  f o r  use i n  p r e l i m i n a r y  d e s i g n  e x l s t  f o r  
p l a n i n g  and round b l l g e  monohul ls ,  s u r f a c e  e f f e c t  s h i p s  and h y d r o f o i l s ,  b u t  
no p u b l i s h e d  p r e d i c t i o n  t o o l  e x l s t s  f o r  catamarans. T h i s  i s  remarkab le  i n  

t h a t  catamarans have become by  f a r  t h e  l e a d i n g  t y p e  o f  comnerc ia l  h i g h  
speed c r a f t .  As o f  m i d  1989 t h e r e  were 263 catamarans compared t o  215 
h y d r o f o i  1 s ( t h e  p r e v i o u s  ' l e a d i n g  t y p e  o f  h i g h  speed c r a f t ) .  A p p r o x i m a t e l y  
25 companies i n  12 c o u n t r i e s  a r e  now I n v o l v e d  i n  catamaran c o n s t r u c t i o n ,  

w i t h  Norway b e i n g  t h e  l e a d i n g  producer .  

MARINTEK, Ocean L a b o r a t o r i e s  i n  Trondheim, Noway ,  has s i n c e  1987 t e s t e d  

a l a r g e  number o f  catamaran des igns  b o t h  i n  calm wa te r  and i n  h e a d / f o l l o w i n g  

seas. Model t o  f u l l  s c a l e  c o r r e l a t i o n  f o r  h l g h  speed catamarans has been 

deve loped based on e x t e n s i v e  f u l l  s c a l e  exper iments.  T h i s  u n i q u e  amount o f  
e m p h i r i c a l  d a t a  makes i t  p o s s i b l e  t o  p r e s e n t  a s imp le  t o o l  f o r  p r e l i m i n a r y  

des ign ,  speed-powering p r e d i c t i o n s  as  w e l l  as  seakeeping assessment o f  h i g h  
speed s l e n d e r  catamarans. 



SLENDER CATAMARAN CHARACTERISTICS. 

The s lender  catamaran i s  charac ter ized  by having ~~t.~sl._en~el:A,..sm- 
m e t r i c  h u l l s  w i t hou t  u t i  

u . 
e f f e c t s .  The c r a f t  thus  opera- 

~ ... 

t e s  e s e n t i a l l y  as a  d i s  i s  the most e f f e c t i v e  concept 
f o r  passenger t r a n s p o r t  a t  speeds up t o  Froude Number o f  about 

Th i s  concept has been w e l l  received by comnercial operators as market share 
o f  the t o t a l  number o f  h igh  speed f e r r i e s  has grown from 13% i n  1971-75 t o  
an expected 40% i n  1991-95 (Fig. 1 o f  r e f .  1). 

A  l a r g e  number o f  s lender  catamarans has been t e s t e d  a t  MARINTEK, Ocean 
Laborator ies.  A l l  models i n  sca le  1:10 o r  1:12.5. The models cover t he  
l e n g t h  displacement r a t i o  ~ 1 ~ 1 1 3  = 5.75 t o  7.5. Typ ica l  main charac- 

t e r i s t i c s  f o r  good designs are: 

/ (a)  S t r a i g h t  ...V;$g,.~g d...transvecse...sect.ions~.-inrforebody-wi..th....to.ta.l., 
angle o f  en 

. . 
6 <",L < ZYj 

. (b)  Minimum h u l l  machinery i n s t a l l a t i o n ,  

1 (d)  Transom w i d t h  equal t o  t he  midship,and transom depth reduced 

I compared t o  t h e  midsh ip  sect ion.  

(e)  Long i tud ina l  cen ter  o f  g_ravi ty -. (cg.) -- approx. ..,~. 5% o f  ~. . Lpp ~. a f t  ~. o f  
midship. . ~ .  - 

1 ( f ) .  .,wet-tunnel .~ .~ . w i d t h  ~ ~- 
2 " ) S  

Zb 

The p o s i t i o n  o f  t h e  center  o f  g r a v i t y  i s  the pr lmary design parameter, 

t oge the r  w i t h  t he  leng th jd isp lacement  r a t i o  and wet=tu.m.el. .., 7 W I (  A$ 

- The cg. should no t ,be  p laced too  f a r  a f t .  Large a f t  body volume 

and deep s t e r n  p l a t e  g ives  r e l a t i v e l y  l a rge  increase i n  wave 

res is tance.  Th i s  e f f e c t  i s  considerable f o r  cg, p o s i t i o n s  more 
than 7.5% o f  Lpp a f t  o f  midship. 

- The cg. should n o t  be p laced forward o f  2.5% a f t  o f  midship i n  

order  t o  ensure t h a t  t o0  l a r g e  negat ive t r i m  angles a r e  avoided i n  

f o l l o w i n g  sea. 



The comb ina t ion  o f  s l e n d e r  forebody,  a f o r w a r d  p o s i t i o n  o f  cg. and opera-  

t i o n  i n  even moderate f o l l o w i n g  seas w i t h  speed of wave p r o p a g a t i o n  c l o s e  

t o  s h i p  speed has r e s u l t e d  i n  hazardous e f f e c t s  such as  g reen  wa te r  and bow 
I 

d i v i n g .  These e f f e c t s  a r e  e f f e c t i v e l y  s t u d i e d  i n  model t a n k  t e s t s  and 

MARINTEK h i g h  1 y recomnerids t h a t  a1 1 high-sped~ese1a.n.~ept~~~re..~t~est_ed, 
t ~ a s s e s s . .  _the_ _ r l s k ~ , o 3 ~ h ~ w . . . d o w n  ..dl.vi ng .t.mdenc!.e.s..j 

~ .~ ~ . . ~  

, 
Th?~..o~tJ~me!_P~o.s~It~ e ? ~ . o f c g  .. I s  a funst i o n  ... of.. a f t .  body des'ign, t y p e  o f  

.; p . r a , p ~ l s i q n  syste_m,-use o f  trim f l a p s ,  s e r v i c e  s p e e d a n d  above wa te r  bow , . , ~. . ~. . '1 ,, , ~. ',.. ,, ,, . , ~ ,  

des ign.  The above w a t e r  bow des ign  i n f l u e n c e s  b o t h  t h e  seakeeping pe r fo rm-  , , ." 
[ ance i n  head seas and t h e  s a f e t y  q u a l i t i e s  i n  f o l l o w i n g  seas. 

I n  g e n e r a l  , -~. a .- ~ r u n n i n g  t r i m .  of::D..5..to. 1.0 degree . w i l l  ~ be o p t i  

speed . "... -:. . and t h e  s l e n d e r  catamaran shou ld  be des igned t o  r u n  a 

w i t h o u t  t h e  use o f  trim f l a p s .  

R ide q u a l i t y  i n  waves i s  m a i n l y  determined by  t h e  magni tude and f requency  

o f  t h e  v e r t i c a l  a c c e l e r a t i o n s .  The v e r t i c a l  a c c e l e r a t i o n  o f  catamarans i s  

c l o s e l y  r e l a t e d  t o  s h i p  spedd, 1 ength-d isp lacement  r a t i o  and h e i g h t  o f  

we t - tunne l .  Ru les  f o r  L i g h t  C r a f t  a l l o w s  a 1 " g l  maximum cg, a c c e l e r a t i o n  

l i m i t  f o r  s t r u c t u r a l  d e s i g n  purposes. S t a t i s t i c a l l y  t h i s  corresponds t o  a 

0.33 I'g'I RMS-value. A s  a " r u l e  o f  thumb" t h e  s l e n d e r  catamaran we t - tunne l  

h e i g h t  measured 10% o f  Lpp a f t  o f  t h e  f o r w a r d  p e r p e n d i c u l a r  shou ld  be a t  

l e a s t  0.85 * Hs (Hs = d e s i g n  s i g n i f i c a n t  waveheight )  t o  meet t h e  DnV 

r e q u i r e m e n t  f o r  a speed corresponding t o  a Froude Number = approx. 0.60. 
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SLENDER CATAMARAN DESIGN AND SPEED CALCULATION -" 

Tho above ment ioned f a c t o r s  must be taken  i n t o  account  rlhen d e s i g n i n g  
s lender  catamarans, A  d e t a i l e d  des ign  process w i l l  g i v e  b a s i c  s h i p  parame- 

t e r s  however, r e l e v a n t  b a s i c  dimensions can be determined by r e g r e s s i o n  
a n a l y s i s  o f  d a t a  f r o m  e x i s t i n g  c r a f t .  MARINTEK High-Speed Data-Base g i v e s  
these b a s i c  d imens ions norma l i zed  t o  c r a f t  l e n g t h  between p e n d i c u l a r s  
( L p p ) .  The r a t i o  L o ~ l L p p  i s  t y p i c a l l y  1.1. 

> 
FIGURE 2 g i v e s  t h e  r a t i o  between Lpp and BOA. As can be seen t h e  r a t i o  

i n c r e a s e s  by i n c r e a s i n g  leng th ,  

FIGURE 3  g i v e s  t h e  r a t i o  between Lpp and des ign  displacement.  L ~ ~ / A L / ~  i s  ---. 
*A 

t h e  most s e n s i t i v e  f a c t o r  r e l a t e d  t o  r e s i s t a n c e  and soeed. -~ ..... ....., ...~., " .,.. ~. " ,...,, 
n  f o r  r a t i o s  i n  t h e  range 5.75 t o  

FIGURE 4 g i v e s  t h e  r a t i o  between Lpp and l i g h t w e i g h t  d isp lacement .  L i g h t -  

w e i g h t  exc ludes  f u e l ,  o i l ,  wa te r ,  crew e t c .  

,\ 

FIGURE 5  g i v e s  t y p i c a l  s l e n d e r  catamaran we t ted  su r face ,  e x c l u d i n g  s t e r n  

p l a t e  area.  The t o t a l  s h i p  r e s i s t a n c e  i s  p r o p o r t i o n a l  t o  t h e  
w e t t e d  s u r f a c e  and a  ggmean l i n e g g  i s  g i v e n  as r e p r e s e n t a t i v e  f o r  

modern s l e n d e r  catamaran designs.  T h i s  r a t i o  i s  proposed t o  be 
used i n  t h e  p resen ted  speed c a l c u l a t i o n  method when no d e t a i l e d  
d e s i g n  i s  ava i lab le :  

\ 

FIGURE 6 g i v e s  Data-Base i n f o r m a t i o n  on t h e  r a t i o  between passenger capa- 

c i t y  and t o t a l  ma in  deck area. 

The d e s i g n  p rocess  i s  an i t e r a c t i v e  one, composed o f  two key a c t i v i x i e s :  

* S y n t h e s i s  - t h e  development o f  f e a s i b l e  des ign  a l t e r n a t i v e s  
based upon t r a d i t i o n a l  p a r a m e t r i c  s t u d i e s .  

* A n a l y s i s  - t h e  assessment and comparison o f  t h e  performance and 

t r a n s p o r t  economy o f  these 
a l t e r n a t i v e s ,  

f e a s i b l e  des ign  
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The method by  w i c h  t h e  s y n t h e s i s  and a n a l y s i s  a c t i v i t i e s  t a k e  p l a c e  i s  
dec ided b y  t h e  des igner ,  The f o l l o w i n g  q u i c k  c a l c u l a t i o n  method r e q u i r e s  a  
s e t  o f  b a s i c  parameters ,  wh ich  can e i t h e r  be e s t a b l i s h e d  by  t h e  above g i v e n  
f i g u r e s  o r  b y  a  d e t a i l e d  d e s i g n  process.  

The e f f e c t i v e  horsepower (PE) f o r  t h e  s h i p  i s  c a l c u l a t e d  from: 

( 1 )  PE * 0.00686VRi 
where: 

RT = t o t a l  r e s i s t a n c e  f o r  s h i p  i n  kp. 

V = s h i p  speed i n  k n o t s .  

( 2 )  RT = 13.84 . C ~ V ~ S + R ~  
where: 

CT = t o t a l  r e s i s t a n c e  c o e f f i c i e n t  f o r  t h e  sh ip .  
S + w e t t e d  s u r f a c e  a r e a  i n  m2 (Ref, f i g . 5  o r  d e s i g n  data) .  

RM = a i r  r e s i s t a q c e  i n  kp. 

( 3 )  C& = CF + ACF + CR 
where: 3' 

CF = f r i c t i o n a l  r e s i s t a n c e  c o e f f i c i e n t  
ACF = roughness a l l o w a n c e  equa l  t o  0,0005, co r respond ing  t o  a  h u l l  

roughness o f  approx.  150 mp i n  t h e  maximum speed range. 

ITTC 1959 ship-model c o r r e l a t i o n  l i n e  g i ves :  

(4 )  $3 0.075 
{ l o g  Rn-2)2 

where: 

Rn = Reynolds  Number = ,0.,433$v,$~~~:l06* ,' 
FIGURE 7  CR i s  e s t a b l i s h e d  b y  comprehensive s t u d l e s  o f  model t e s t  d a t a  and 

ship-model  c o r r e l a t i o n .  The r e s u l t s  from t h e s e  i n v e s t i g a t i o n s  a r e  

made a v a i l a b l e  i n  one f i g u r e  p e r m i t t i n g  easy r e a d o f f .  

( 5 )  CR = Res iduary  C o e f f i c i e n t  i s  g i v e n  i n  FIGURE 7, 



Some m a j o r  assumpt ions shou ld  be recogn ized :  

* Ship-model c o r r e l a t i o n  as  a  f u n c t i o n  o f  l e n g t h  d i sp lacement  r a t i o  
i s  i nc luded .  

* Ship-mqdel c o r r e l a t i o n  r e l a t e d  t o  i n t e r a c t i o n  between p r o p u l s i o n  
system and h u l l  i n t e r a c t i o n  i s  i n c l u d e d  i n  t h e  g i v e n  t o t a l  p r o n l ~ 1 ~ i ~ ~ ~  

c o e f f i c i e n t s ,  
* Conven t iona l  a f t  body, w i t h o u t  p r o p e l l e r  t u n n e l  i s  assumed. 
* Opt imal  r u n n i n g  t r i m  r e l a t e d  t o  resistance- i s  assumed. 
* A i r  r e s i s t a n c e  c o r r e l a t i o n  i s  i n c l u d e d .  

(1) (, 

A i r  r e s i s t a n c e  1s c a l c u l a t e d  by  t h e  fomulae: 
c7 c* // 

c s  

2 ( 6 ) h  ' 0.012V A v  - -_-._I_ 

where: 

Ay = p r o j e c t e d  f r o n t a l  a rea  o f  s u p e r s t r u c t u r e .  
An a i r  d r a g  c o e f f i c i e n t  o f  0.70 i s  aGumed r e p r e s e n t a t i v e  based on 

w i n d  t u n n e l  t e s t s .  

SEPOWER (Ps) i s  f i n a l l y  c a l c u l a t e d  by: 

' The shtp-model c o r r e l a t i o n  s t u d i e s  a t  s e r v i c e  speed i n c l u d e d  b o t h  p r o p e l l e r  

and w a t e r j e t  p r o p u l s i o n  systems. A p p l y i n g  t h e  d a t a  t h e  f o l l o w i n g  p r o -  
p u l s i v e  c o e f f i c i e n t s  a r e  t o  be used. Losses a l o n g  t h e  s h a f t i n g  i s  i nc luded .  

, * W a t e r j e t  p r o p u l s i o n  q t o t  = 0.62 - 0.64 
* P r o p e l l e r  w i t h  i n c l i n e d  s h a f t  q t o t  2 . 6 4 : -  9.65 
* P r o p e l l e r  w i t h  a f t  body t u n n e l  a t o t  = 0.70 - 0.74 
* Z-Dr i ve  q t 0 t  = 0.68 - 0.70 



SI-ENDER CATAMARAN SEAKEEPING PERFORMANCE. 

A g iven high-speed ' c r a f t  must w i ths tand two f o r c i n g  func t i ons  i n  o rder  t o  
accomplish t h e i r  miss ion,  the  man-induced demands on the  c r a f t  and the pre-  
v a i l i n g  environmental fac tors .  Experience shows t h a t  c e r t a i n  ac t i ons  by the 
operator  o f  high-speed c r a f t  can lead t o  major o r  even hazardous e f f e c t s .  

This imp1 i e s  t h a t  more seakeeping data i s  needed on these c r a f t  so opera- 
t i o n a l  l i m i t s  can be established f o r  comfort  and s a f e t y  reasons. 

I t  i s  the o b j e c t i v e  o f  the designer t o  minimize the adverse Impact and 
degradat ion of c r a f t  performance caused by sea environment and t o  ensure 

comfortable r i d e  i n  normal boperation and c r a f t  s u r v l v a l  under extreme sea 
and operational condi t ions,  High-speed c r a f t  seakeepfng performance assess- 
ment must i nc lude  s p e c i f i c  model o r  f u l l  scale t e s t i n g ,  however, i n  pre-  
l i m i n a r y  design p r f o r  t o  such t e s t i n g ,  numerical and emphir ica l  methods f o r  
preliminary eva lua t i on  of motions and acce lera t ions  have been developed a t  

MARINTEK. 

A numerical method based on t h e o r e t i c a l  c a l c u l a t i o n  f o r  p r e d i c t i n g  steady 
hydrodynamic fo rces  and wave induced motions f o r  high-speed catamarans i s  

presented i n  ref.2. The majn d i f f e r e n c e  between t h i s  method and the  conven- 
t i o n a l  s t r i p  theory  approach i s  t h a t  i t  incorporates i n  a r a t i o n a l  way the  
important wave systems generated a t  h igh  speed by the  c r a f t  i t s e l f .  

By using t h i s  'improved method MARINTEK i s  ab le  t o  p r e d i c t  RMS-values and 

extreme values o f  motions, acce lera t lons ,  Slamning loads, g loba l  dynamic 

loads and added res is tance due t o  waves f o r  slender catamarans i n  any sea 
state.  

I n  the present  paper a simple emphir ica l  method based on extensive model 
t e s t  r e s u l t s  i s  presented. SW-e_cC..ca&amaran se&eaegi_ng Eer femanre  i s  
main ly  dependant on s i z e  ~f c r a f t ,  length, displacement r a t i o  and speed. 
Relevant Data-Base in fo rmat ion  on p t t c h  and center o f  g l rav i ty  acce lera t ibns  
(RMS-values) a r e  presented f o r  speed range up t o  Froude Number 1.0. 
pierson-Moskowitz spectra waves are  assumed. 



FIGURE 8 g i v e s  t h e  v e r t i c a j  c e n t e r  o f  g r a v i t y  a c c e l e r a t i o n s  (RMS-values) 
- 

f o r  t h e  same speed and d i sp lacemen t  ranges. I t  i s  seen t h a t  u n l i k e  
p i t c h  ( f i g . 7 )  a c c e l e r a t i o n s  a r e  decreased b y  i n c r e a s i n g  t h e  1  e n g t h  
t o  d i sp lacemen t  r a t i o .  

CONCLUSION. - 
*keas!_l?/_uged t o o l  -- -.- f o r  pre!.iminary s l e o d e t  c ~ t a m a r a n -  hu-1 i design;. s e i e c -  
t i o r ?  p f  b a s i c  h u l l  parameters  speed c a l c u l a t i o n ~ a ~ d  seak$eping at;sessment, 
i S  p j e s e n t e d ,  The method can be used th roughou t  t h e  d e s i g n  process,  The 

Data-Base F i g u r e s  can Be ,used t o  e s t a b l i s h  a  s t a r t i n g  c o n f i g u r a t i o n  as w e l l  
as a s s e s s i n g  t h e  s p e c i f i c  Sh ip  d e s i g n  as i t  evo lves .  

The d e s i g n  p rocess  can e a s i l y  be t r a n s f o r m e d  t o  a  computer  program o r  be 
used i n  a  s t a n d a r d  PC-Data-Sheet system. 
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