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Abstract  

The development, design, performance, and successful sea t r i a l s  o f  t h e  f i r s t  
h y d r o f o i l  s a i l i n g  yach t  a re  described. The 31- foot  long  h y d r o f o i l  t r imaran 
"Wil l iwaw" demonstrated outs tanding a l l -a round  yach t  performance i n  c r u i s i n g  to ,  
i n  and around, and r e t u r n i n g  from, the Hawaiian I s lands .  

1. DEVELOPMENT 20% o f  the c r a f t  weight .  While moving f a s t ,  the  

The s a i l i n g  "bug" took h o l d  o f  me i n  1961, s h o r t l y  

a f t e r  acqu i r ing  my f i r s t  boat,  a 20- foot  keel-cen- 

te rboard  sloop. I t s  churn ing wake and d i f f i c u l t y  

i n  hand l ing  a t  i t s  top speed o f  7 knots l e d  me t o  

s t a r t  t h i n k i n g  o f  b e t t e r  ways t o  u t i l i z e  the  power 

o f  t h e  wind f o r  moving across the  water.  My de- 

s i g n  e f f o r t s  on h y d r o f o i l  m u l t i h u l l s  began i n  1962. 

Dur ing a South P a c i f i c  c r u i s e  i n  1965 on my second 

boat ,  the  29-112 f o o t  t r imaran  "Nimble # I "  ( f o r -  

mer ly  A r t  P i v e r ' s  T r a n s a t l a n t i c  Trimaran), I was 

working on a h y d r o f o i l  t r imaran  design t h a t  prom- 

i s e d  the  u l t i m a t e  i n  s a i l i n g  performance and com- 

f o r t .  Construct ion o f  my 31- foo t  p ro to type  

"Wi l l iwaw" began i n  May 1966 i n  my backyard along 

the  Petaluma River  a t  B lack Point ,  C a l i f o r n i a .  

Wi l l iwaw had a complete s e t  o f  h y d r o f o i l s  i n  No- 

vember 1967, b u t  the f i c k l e  w i n t e r  winds made 

t e s t i n g  d i f f i c u l t .  Wi l l iwaw f i r s t  became f u l l y  

f o i l b o r n e  i n  the Spring o f  1968. I n  June 1968, we 

were managing t o  s tay  f u l l y  f o i l  borne f o r  a couple 

m i l e s  a t  a t ime averaging 18 knots w h i l e  c ross ing  

San Francisco Bay. 

h y d r o f o i l s  gave tremendous s t a b i l i t y .  However, 

w h i l e  stopped o r  moving s low ly  w i t h  sheets hauled 

i n ,  wind gusts  had a h a b i t  o f  l a y i n g  Wil l iwaw over 

t o  extreme angles o f  heel.  I n  e a r l y  t e s t s  I gener- 

a l l y  had 4 o r  5 crew members standing on the  wind- 

ward deck. A f t e r  one capsize wh i le  stopped, pon- 

toon buoyancy was increased t o  40% o f  c r a f t  weight.  

B a l l a s t  weight  i n  t h e  main h u l l  was t r i e d ,  b u t  i t  

on ly  l e d  t o  the  boat  wal lowing too much and having 

d i f f i c u l t y  t a k i n g  o f f .  A f t e r  a capsize w h i l e  beat- 

i n g  s low ly  t o  windward w i t h  gale gusts, a masthead 

f l o a t  was i n s t a l l e d .  A f t e r  a 500 m i l e  shakedown 

c r u i s e  o f f  t h e  C a l i f o r n i a  coast  i n  s t rong winds and 

heavy confused seas, pontoon buoyancy was increased 

t o  70% o f  c r a f t  weight and the  c r a f t  widened s l i g h t -  

l y .  Th is  made the  c r a f t  much easier  t o  handle i n  

gusty winds and i n  bea t ing  t o  windward. I t  was no 

longer  necessary t o  ease sheets i n  most gusts. 

I n  September 1970, we (one crew member and mysel f )  

made a voyage from Sausal i  t o  t o  Kahului Harbor, 

Maui, Hawaii. St rong winds and 15 t o  20 f o o t  seas 

were encountered a t  the  beginning. The idea o f  

rac ing  t o  Hawaii was abandoned a t  dusk the f i r s t  
The major problem encountered was n o t  w i t h  the  

day when we s igh ted  heavy f l o a t i n g  debr i s .  S a i l  
h v d r o f o i l s .  bu t  w i t h  the pontoons. A t  f i r s t ,  

Wi l l iwaw 's  pontoons on ly  had a useful buoyancy of  reduc t ion  halved our 15 knot  speed average t h a t  



n i g h t .  L i g h t  v a r i a b l e  winds and calms i n  midocean, 

and hav ing  o n l y  wo rk ing  s a i l s ,  h e l d  us back f u r t h e r .  

F r e q u e n t l y  we l e f t  t h e  f o i l s  s e t  i n  choppy seas 

when t h e r e  were inadequate  winds t o  f l y ,  i n  o r d e r  

t o  g a i n  comfo r t  and s e l f - s t e e r i n g  ( a t  t h e  c o s t  o f  

some speed).  The voyage took  16 days. We b o t h  

wou ld  d e s c r i b e  i t  as an easy voyage, f o r  t h e  hydro'  

f o i l s  he lped  Wi l l iwaw s e l f - s t e e r  90% o f  t h e  t ime ,  

and c o n t r i b u t e d  cons ide rab l y  t o  c o m f o r t  and con- 

t r o l .  

2. DESIGN 

f o u r  h y d r o f o i l  u n i t s ,  c o n s i s t i n g  o f  bow f o i l ,  

s t e e r a b l e  s t e r n  f o i l ,  and d i h e d r a l  f o i  1s l a t e r a l l y  

o f  t h e  c e n t e r  o f  e f f o r t  o f  t h e  s a i l s  on each s i d e .  

I t  o f f e r s  i n h e r e n t  dynamic s t a b i l i t y  o v e r  t h e  w id-  

e s t  range o f  c o n d i t i o n s ,  and a l s o  has t h e  a b i l i t y  

t o  be " f a i l - s a f e . "  W i t h  bow and s t e r n  f o i l s  go ing  

deeper t han  t h e  l a t e r a l  f o i l s ,  t h e  c r a f t  t akes  on a 

modest hee l  under t h e  i n f l u e n c e  o f  s a i l  s i d e  f o r c e s .  

The des ign  approach on W i l l i w a w  was t o  use a f i x e d ,  

b u t  r e t r a c t a b l e  (see F igu res  1 and 2 ) ,  f o i l  system. 

Dynamic s t a b i l i t y  was t o  be i n h e r e n t  i n  t h e  f o i l  

c o n f i g u r a t i o n .  Gadgetry and moving p a r t s  were 

avo ided,  because t h e y  would t e n d  t o  wear o u t ,  c o r -  

rode,  and m a l f u n c t i o n .  I t  was d e s i r e d  t h a t  t h e  

pe rson  s a i l i n g  t h e  c r a f t  would have no more con- 

t r o l s  t o  ope ra te  than a conven t i ona l  s a i l i n g  c r a f t .  

FIGURE 2 

RETRACTING THE STERN FOIL. THE FOIL PIVOTS ON A 
FRAME WHICH I S  ATTACHED TO THE HULL THROUGH RUDDER 
GUDGEONS. RETRACTED FOIL INTERLOCKS WITH THE FRAME, 
AND TWIN STRUTS ENTER WATER AND ACT AS RUDDER 
BLADES. TO SET FOIL, I T  I S  KICKED OVERBOARD WITH 
TILLER AMIDSHIPS, AND SHEAR BOLTS ARE INSERTED BE- 
TWEEN TWIN STRUTS AND THE FRAME. 

The windward l a t e r a l  f o i l  tends t o  come o u t  o f  t h e  
FIGURE 1 

wa te r ,  and t h e  l eeward  l a t e r a l  f o i l  d i g s  deeper and 
WILLIWAW ANCHORED I N  NAWILIWILI BAY, KAUAI, WITH 
HYDROFOILS RETRACTED. BOW FOIL RETRACTS BY SWING- an antileeway its 9 

ING 90 DEGREES FORWARD, UP TO THE BOW DECK. WHEN even a t  ze ro  leeway ang le .  W i th  t he  t r i m a r a n  form, 
IT IS SHEAR A TRANSVERSE PLATE ON 

one can o b t a i n  t h e  d e s i r e d  nea r  zero  i n i t i a l  l a t e r a l  THE MAIN HULL JUST UNDER THE WATERLINE. LATERAL 
FOILS LAY DOWN ON THE DECK WHEN RETRACTED, THROUGH s t a b i l i t y ,  w i t h  a r a p i d  s t i f f e n i n g  up w i t h  modest 
USE OF TWO PIVOT AXES AND A REMOVABLE PIN BOLT NEAR 

heel, all with a minimum of hull wetted surface. THE WATERLINE. 

The t r i m a r a n  h u l l  f o rm  was chosen f o r  a v a r i e t y  o f  

reasons.  O v e r a l l  l i g h t  w e i g h t  was r e q u i r e d  f o r  t h e  

c r a f t  t o  be a b l e  t o  t a k e  o f f  i n  moderate  w inds.  

T h i s  a l s o  r e q u i r e s  c o n s i d e r a b l e  c r a f t  w i d t h  f o r  

s t a b i l i t y .  Appear ing b e s t  was a c o n f i g u r a t i o n  o f  

Low speed h u l l  d r a g  i s  min imized t h i s  way, and f o i l s  

g i v e  maximum r o l l  damping. W i th  f o i l s  r e t r a c t e d  i n  

l i g h t  a i r s ,  t h e  c r a f t  a t t a i n s  maximum boa t  speed 

r e l a t i v e  t o  w ind  speed. W i th  f o i l s  s e t  i n  l i g h t  

a i r s ,  f o i l  d r a g  c u t s  speed t o  about  t h a t  o f  an ave r -  



age conven t i ona l  y a c h t .  I t was deemed i m p r a c t i c a l  t h e  bow r i s e s  h i g h e r  t han  t h e  s t e r n ,  augmenting 

t o  be r a i s i n g  and l o w e r i n g  f o i l s  eve ry  t ime  t h e  t a k e  o f f  l i f t .  The c r a f t  tends t o  l e v e l  o f f  a t  

w ind  drops o r  p i c k s  up. The o v e r a l l  l i g h t  w e i g h t  h i g h e r  speeds, b r i n g i n g  l i f t  c o e f f i c i e n t s  c l o s e r  

a l l o w s  s lende r  t r i m a r a n  h u l l s ,  and a  h i g h e r  des ign  t o  h i g h  speed optimums. 
t a k e  o f f  speed. The h i g h e r  des ign  t a k e  o f f  speed 

(12 kno ts  on W i l l i w a w )  h e l p s  t o  m in im ize  f o i l  a rea,  

we igh t ,  expense, f o i l  hand1 i n g  d i f f i c u l t i e s ,  haz- 

a rds  f r om pounding when s topped i n  heavy seas, and 

reduces t h e  drag p e n a l t y  o f  hav ing  f o i l s  s e t  i n  

l i g h t  a i r s .  

The o n l y  d isadvantages o f  t h e  h i g h e r  t a k e  o f f  

speed a r e  i n  t h e  i n c r e a s e d  d rag  hump, and i n  t h e  

apparent  w ind  drawing f u r t h e r  ahead d u r i n g  t a k e  

o f f ,  r e q u i r i n g  more l a t e r a l  s t a b i l i t y  and hence 

more pontoon buoyancy. N e i t h e r  o f  these t h e o r e t i -  

c a l  d isadvantages have t u r n e d  o u t  t o  be p r a c t i c a l  

ones. I n  marg ina l  winds, one can use a  s a i l i n g  

t r i c k  t o  break th rough  a  modest drag hump. When 

t h e  d rag  hump b l o c k s  f u r t h e r  speed i nc rease  w h i l e  

c l o s e  reach ing  i n t o  t h e  w ind,  one suddenly t u r n s  

t h e  c r a f t  10 o r  20 degrees away f rom t h e  wind. 

T h i s  b u i l d s  up a  much g r e a t e r  s a i l  f o r c e  f o r  a  

l o n g  enough p e r i o d  t o  b reak  th rough  t h e  hump. Be- 

cause o f  t h e  speed i n c r e a s e ,  apparent  w ind  draws 

f o r w a r d  aga in  b e f o r e  t h e  s a i l s  go i n t o  s t a l l .  The 

e f f e c t  i s  s i m i l a r  t o  " s a i l  pumping". 

The t r i m a r a n  h u l l  f o r m  p r o v i d e s  e x c e l l e n t  f a s t e n -  

i n g  p o i n t s  f o r  t h i s  f o u r  f o i l  system. H u l l  and 

h y d r o f o i l  u n i t s  complement one ano the r  b e a u t i f u l l y  

i n  b o t h  s t r u c t u r e  and f u n c t i o n .  The monococque 

h u l l  maximizes s t r e n g t h  and r i g i d i t y  and m in im izes  

h u l l  we igh t ,  w h i l e  p r o v i d i n g  generous i n t e r i o r  ac- 

commodations. Because t h e  h u l l  i s  l i f t e d  up when- 

e v e r  g o i n g  f a s t ,  h u l l  pound ing i s  m in im ized  and 

wa te r  c l ea rance  beneath t h e  w ing s e c t i o n  j o i n i n g  

t h e  h u l l s  can be reduced, a l l o w i n g  improved s t r u c -  

t u r a l  r i g i d i t y  and generous space f o r  w ing bunks. 

The f o i l s  a r e  o f  t h e  s u r f a c e  p i e r c i n g  v a r i e t y ,  

though a t  l o w e r  speeds t h e y  have deep submergence 

r a t i o s  and g e t  a  submerged f o i l  t y p e  o f  s t a b i l i t y  

t h rough  l e a d i n g  f o i l s  b e i n g  s e t  t o  h i g h e r  ang les  

o f  a t t a c k  than t r a i l i n g  ones. H igh  e f f i c i e n c y  i s  

o b t a i n e d  o v e r  a  v e r y  b road  speed range. F o r  t a k e  

o f f ,  t h e  bow f o i l  has excess l i f t i n g  area, so  t h a t  

A t  l ower  speed, t h e  system i s  a  f o u r  f o i l  symmetr ic 

system, b u t  by t a k e  o f f  speed i t  becomes a  t h r e e  

f o i l  asymmetr ic system. A t  h i g h  speed w i t h  no 

h e e l i n g  f o r c e s ,  such as when r u n n i n g  down s teep 

waves, i t  a c t u a l l y  becomes l i k e  a  two f o i l  power 

c r a f t  system, because b o t h  l a t e r a l  f o i l s  can come 

c l e a r  o f  t h e  water ,  and t h e  r e s u l t  i s  maximum 

p o s s i b l e  l o n g i t u d i n a l  s t a b i  1  i t y .  I n  normal hydro-  

f o i l  s a i l i n g  as a  t h r e e  f o i l  asymmetr ic system, 

c r a f t  hee l  au toma t i ca l  l y  p u t s  t h e  p rope r  a n t i  leeway 

l a t e r a l  f o i l  i n t o  t h e  wa te r .  Heel keeps t h e  wind- 

ward  l a t e r a l  f o i l  o u t  o f  t h e  w a t e r  most o f  t h e  t ime,  

so  t h a t  i t  d o e s n ' t  produce l e e  f o r c e s .  T h i s  system 

makes unnecessary any ad jus tments  on t a c k i n g .  Both  

l o n g i t u d i n a l  and 1  a t e r a l  s t a b i  1  i t y  a r e  maximized 

when needed, and y e t  t h e  h u l l s  a r e  never  sub jec ted  

t o  any r a c k i n g  s t r a i n s  f r om f o i l  l i f t .  T h i s  un ique 

comb ina t i on  o f  h u l l  and h y d r o f o i l  appears t o  have 

many advantages ove r  o t h e r  h u l l  and f o i l  a r range-  

ments, and i s  e s p e c i a l l y  s u i t e d  t o  an o f f s h o r e  

c r u i s i n g  boa t .  T h i s  f o i l  c o n f i g u r a t i o n  and i t s  

r e t r a c t i o n  means a r e  t h e  s u b j e c t  o f  U. S. Pa ten t  

#3,561,388 and o f  B r i t i s h  p a t e n t  #1248890. 

Us ing  6 i n c h  cho rd  elements,  t h e  f o i l s  have a  f a i r -  

l y  h i g h  aspec t  r a t i o .  The bow f o i l  i s  a  deep " V " ,  

whereas t h e  l a t e r a l  and s t e r n  f o i l s  a r e  l a d d e r  

fo rm.  A l l  t h e  f o i l s  a r e  t r u s s e s  made up o f  l i f t i n g  

e lements  and s t r u t s ,  and a r e  des igned t o  w i t h s t a n d  

w a t e r  f o r c e s  o f  one t o n  p e r  square  f o o t .  Shear 

b o l t s  p r o t e c t  bow and s t e r n  f o i l s  f rom damage i n  

s t r i k i n g  d e b r i s .  H u l l  f r a m i n g  i s  designed t o  c a r r y  

t h e  h y d r o f o i l  loads.  The h u l l  s k i n  i s  m o s t l y  114 

i n c h  mar ine  plywood (covered w i t h  f i berg1 a s s ) ,  

s t r e s s e d  by  compound c u r v a t u r e  t o  p reven t  f l e x i n g  

o r  " b r e a t h i n g "  o f  pane ls .  A l t hough  t h e  h u l l  l o n g i -  

t u d i n a l  s t r e n g t h  r e l i e s  m o s t l y  on t h i s  114 i n c h  

plywood s k i n ,  i t  would be a b l e  t o  t a k e  a  t e n  t imes 

g r a v i t y  1  oad. 

H u l l  shape t r i e s  t o  m in im ize  windage. I t has a  

f l u s h  deck w i t h  r e v e r s e  shear.  Though t h e  amount 



o f  reverse shear appears l a r g e  when the c r a f t  i s  wave boost i f  broad reaching, o r  by c lose reaching 

n o t  moving, i t  i s  n o t  a t  a l l  no t i ceab le  when t a k i n g  t o  b u i l d  up the apparent wind v e l o c i t y  and reduce 

o f f ,  s ince  the bow r i s e s  a  f o o t  h igher  than the  take of f  speed by p u t t i n g  more load  on the leeward 

s te rn .  The decks s lope o f f  t o  the sides enough so l a t e r a l  f o i l .  

t h a t  normal c r a f t  heel does n o t  pu t  the pontoon 3. PERFORMANCE 
deck h igher  than mainhul l  deck. The wing sect ions 

between h u l l s  are designed t o  have negat ive aero- While increased speed p o t e n t i a l  has been the major 

impetus t o  development o f  h y d r o f o i l  s a i l i n g  c r a f t ,  dynamic l i f t ,  s ince t h e  windward s ide  would tend t o  . 

get  more l i f t  than the  leeward, and i t  was desi red t h e  most remarkable b e n e f i t  seen i n  Wil l iwaw i s  i n  

to avoid any possible high speed windage hazards. seakindl iness,  leading t o  f a r  l e s s  tendency f o r  

crew t o  become seasick. and considerablv  l e s s  l i k e -  
The masthead f l o a t  weighs about 12 pounds and has 

a  buoyancy o f  300 pounds. Windage on i t  i s  m i n i -  

mal, because i t  i s  a  shape w i t h  a  low drag c o e f f -  

c i e n t .  It i s  designed t o  prevent  the c r a f t  from 

going upside down i n  the  event  o f  a  knockdown. No 

water enters the c r a f t  when l a i d  over on i t s  f l o a t .  

The bow o f  the c r a f t  tends t o  be upraised i n  t h i s  

cond i t i on ,  and the  s t e r n  w e l l  immersed. Thus bow 

windage forms a  couple w i t h  s t e r n  drag ( a t  a  100 

degree heel ) tending t o  make the c r a f t  swing around 

t o  b r i n g  the  wind onto the  deck. Deck windage 

should r i g h t  the  c r a f t .  The experimental s i t u a t i o n  

t o  v e r i f y  t h i s  expected behavior  has n o t  y e t  oc- 

curred i n  s p i t e  o f  7,000 m i l e s  o f  ocean c r u i s i n g .  

I t i s  be l ieved  t h a t  i t  o f f e r s  a  cure f o r  the m u l t i -  

h u l l  capsize hazard. The weight  o f  the  Aluminum 

h y d r o f o i l s  (400 l b . )  w i l l  a l s o  a s s i s t  w i t h  a  r i g h t -  

i n g  moment. However, t h e r e  i s  s u f f i c i e n t  buoyancy 

i n  the  wood i n  Wi l l iwaw t o  f l o a t  a l l  the metal and 

f i b e r g l a s s  i n  the  c r a f t ,  so t h a t  Wi l l iwaw i s  un- 

s inkable.  It appears t o  combine the good features 

o f  m u l t i h u l l  u n s i n k a b i l i t y  w i t h  monohull a b i l i t y  

t o  recover  from a  knockdown. 

Design displacement o f  Wi l l iwaw i s  3200 pounds. 

L i g h t  weight  i s  2200 pounds. Two persons w i t h  

long range c r u i s i n g  supp l ies  b r i n g  the  c r a f t  t o  de- 

s ign  weight.  Daysa i l i ng  capac i t y  i s  h a l f  a  dozen 

persons. H u l l  l eng th  o v e r a l l  i s  3114" ,  beam over- 

a l l  i s  1 6 ' 4 " ,  and d r a f t  i s  16" .  D r a f t  w i t h  f o i l s  

s e t  i s  4  f e e t .  Working s a i l  area i s  380 square 

feet.  Calcu lated h y d r o f o i l  l i f t / d r a g  begins t o  ex- 

ceed h u l l  l i f t / d r a g  when t h e  c r a f t  i s  112 f o i l -  

borne, t h a t  i s  a t  about 9 knots speed. The drag 

hump appears t o  be about 20%, b u t  was expected t o  

be surmounted through normal wind f l u c t u a t i o n s ,  by 

l i h o o d  o f  crew f a l l i n g  overboard. The conventional 

approach t o  gain ing comfort i n  heavy seas has been 

t o  go t o  a  l a r g e r  more massive yacht ,  whose i n e r t i a  

w i l l  l ead  t o  g rea te r  seakindl iness.  The approach 

t o  seakindl iness i n  Wil l iwaw represents a  major 

break w i t h  t r a d i t i o n .  Normally, a  very l i g h t  

weight  t r imaran  w i l l  have a  quick,  jumpy motion i n  

rough seas. However, h y d r o f o i l s  on such a  t r imaran  

w i l l  e x e r t  r o l l  and p i t c h  damping w h i l e  going slow- 

l y ,  o r  e x h i b i t  the inheren t  l a c k  o f  responsiveness 

o f  h y d r o f o i l  l i f t  t o  an uneven sea sur face a t  high- 

e r  speeds. Also, h u l l s  l i f t e d  ou t  o f  the  water do 

n o t  pound. 

Wi l l iwaw e x h i b i t s  considerable v e r s a t i l i t y .  I t s  

1  i g h t w e i g h t  and shal low d r a f t  ( w i t h  f o i l s  r e t r a c t e d )  

a l l o w  i t  t o  go places where conventional yachts  

c a n ' t  go, i n  s p i t e  o f  having no engine. On severa l  

occasions i n  Hawaiian waters, the  h y d r o f o i l s  o r  the  

ma inhu l l  have been bounced over  c o r a l  ree fs ,  sand 

bars, o r  r i v e r  rocks, w i t h  i n s i g n i f i c a n t  damage. 

Caught on reefs ,  the crew jump o f f  i n t o  water o f  

wading depth and push the c r a f t  o f f .  Yet, i n  heavy 

seas w i t h  the  hydrofo i  1  s  se t ,  the  c r a f t  e x h i b i t s  

tremendous s t a b i  1  i t y  and c o n t r o l  , ho ld ing  a  course 

sometimes f o r  hours o r  days w i t h  helm t i e d .  

On i t s  longer  passages, Wil l iwaw d i d  n o t  meet con- 

s i s t e n t  enough winds t o  s e t  any new s a i l i n g  records. 

However, i t  appears t o  have s e t  one new i n t e r i s l a n d  

s a i l i n g  record.  I t made a  95 m i l e  passage from 

Pokai Bay, Oahu, t o  Hanalei Bay, Kauai, i n  ten  

hours. As i s  t y p i c a l ,  l i g h t  wind and calm was met 

w h i l e  i n  t h e  wind shadow o f  Oahu. H y d r o f o i l s  were 

s e t  as t h e  c r a f t  approached t h e  wind l i n e  a t  Kaena 

Po in t .  A t  f i r s t ,  badly confused seas h e l d  speed 



down, b u t  as W i l l i w a w  approached open sea c o n d i -  

t i o n s ,  she began s t a y i n g  f o i l b o r n e  f o r  l o n g  

s t r e t c h e s ,  b road  reach ing  i n  Force 4 and 5  N o r t h -  

e a s t  t r a d e  winds w i t h  seas averag ing a  s i x  f o o t  

h e i g h t .  I n  mid  channe l ,  a  heavy r a i n  s q u a l l  began 

b e a r i n g  down on Wi l l iwaw.  Wi th  a  b i t  e x t r a  w ind  

on t h e  f r i n g e ,  W i l l iwaw began ave rag ing  15 kno ts ,  

w i t h  b u r s t s  o f  speed t o  22 kno ts ,  and o u t r a n  t h e  

s q u a l l .  No r a i n  was f e l t ,  b u t  sheets  o f  s a l t  sp ray  

swept t h e  deck eve ry  t i m e  we s l i c e d  i n t o  f r e a k  

waves. Seeing t h a t  W i l l iwaw h e l d  a  p r e t t y  good 

course w i t h  helm t i e d ,  I ducked i n s i d e  t h e  cab in .  

App rox ima te l y  eve ry  f i v e  minutes ,  a  f r e a k  wave 

would  push W i l l i w a w  o f f  t o  q u a r t e r i n g  t h e  w ind,  

b u t  I o n l y  had t o  reach an arm o u t  and g i v e  a  

b r i e f  helm c o r r e c t i o n  t o  g e t  W i l l iwaw back t o  

b road  reach ing .  My two neophyte crew members were 

s l e e p i n g  i n  t h e  w ing bunks a l l  t h ~  w h i l e .  We 

averaged b e t t e r  t han  12 kno ts  c r o s s i n g  t h e  Kauai 

channe l ,  b u t  t h e  l i g h t e r  evening winds slowed us 

down as we approached K i l auea  L i g h t  and H a n a l e i .  

Wh i l e  cu rves  o f  a l l o w a b l e  wave h e i g h t  have been 

p u b l i s h e d  f o r  power h y d r o f o i l  c r a f t ,  t h e y  d o n ' t  

appear a p p l i c a b l e  t o  W i l l iwaw.  Heavy seas s low  

W i l l i w a w  down, b u t  no m a t t e r  what,  t h e  c r a f t  i s  

a lways b e t t e r  behaved w i t h  i t s  h y d r o f o i l s  s e t ,  as 

compared t o  t r i m a r a n  h u l l s .  By t h i s  t ime ,  W i l l i -  

waw has encountered n e a r l y  2000 m i l e s  o f  heavy 

seas ( u p  t o  20 f e e t )  and s t r o n g  winds. Sudden 

d ropp ing  o f  t h e  c r a f t  f r om f o i l s  back t o  h u l l s  i s  

a  r a r e  even t ,  and can p robab l y  be e l i m i n a t e d  w i t h  

a  s m a l l  m o d i f i c a t i o n  o f  t h e  bow f o i l .  Heavy seas 

appear t o  s l ow  Wi l l iwaw p r i m a r i l y  because o f  i n -  

adequate h u l l  c learance,  wh ich  can be remedied 

e a s i l y  i n  l a t e r  c r a f t .  No hazardous d e c e l e r a t i o n s  

have e v e r  been f e l t ,  n o r  has any p i t c h - p o l e  t e n -  

dency been noted.  Normal t r a n s i t i o n  f r om h u l l  t o  

f o i l  and back aga in  always tends t o  be smooth. 

The a p p a r e n t  a b i l i t y  o f  W i l l iwaw t o  o p e r a t e  i n  un- 

l i m i t e d  sea s t a t e s  w i t h  h y d r o f o i l s  s e t  can be ex- 

p l a i n e d .  The s a i l i n g  h y d r o f o i l  a t t a i n s  i t s  h i g h -  

e s t  speeds on  winds f rom around t h e  beam, t h e  v e r y  

head ing  on wh ich  h y d r o f o i l s  a r e  l e a s t  t r o u b l e d  by  

wave o r b i t a l  mo t i ons .  Fur thermore,  t h e  c o n s i d e r -  

a b l e  S a i l i n g  c r a f t  w i d t h  p reven ts  t h e  dangerous 

r o l l i n g  t h a t  a  power h y d r o f o i l  c r a f t  m i g h t  e x p e r i -  

ence i n  heavy beam seas. S a i l  p ressu re  a l s o  rep-  

resen ts  a  s teady ing  f o r c e .  Lower speeds c l o s e  

reach ing  o r  w ind  a f t  p u t  t h e  f o i l s  deeper, and l e s s  

i n f l u e n c e d  by wave o r b i t a l  mot ions .  Wind a f t  would 

t end  t o  be t h e  most hazardous heading, b u t  s a i l  i n -  

e f f i c i e n c i e s  w i t h  w ind  a f t  u s u a l l y  keep boa t  speed 

down t o  app rox ima te l y  wave speed. However, when 

Wi l l iwaw goes o v e r  t h e  t o p  o f  a  wave and s u r f s  down 

a t  25 kno ts  o r  so, w ind  speed i s  exceeded, caus ing 

t h e  s a i l s  t o  go aback. The l o s s  o f  t h e  normal s a i l  

p i t c h i n g  moment b r i n g s  h i g h e r  ang les  o f  a t t a c k  on to  

t h e  f o i l s ,  augment ing l i f t .  Approaching t h e  t rough  

a t  25 kno ts ,  W i l l i w a w ' s  bow deck m igh t  be 6 f e e t  

o f f  t h e  wa te r ,  and t h e  f o i l s  have s u f f i c i e n t l y  

l a r g e  r e s e r v e  area t o  a1 l ow  s e v e r a l  GIs p u l l  o u t .  

C l imb ing  t h e  back o f  t h e  n e x t  wave, speed i s  l o s t  

t h rough  conve rs ion  t o  p o t e n t i a l  energy, and wave 

o r b i t a l  mo t i on  reduces l i f t  c o e f f i c i e n t s .  Here t he  

h u l l s  r e e n t e r  t h e  wa te r ,  and t h e  bow deck m igh t  go 

a  few inches beneath t h e  w a t e r ' s  su r face .  On suc- 

ceeding c r a f t ,  t h e  h e i g h t  o f  t h e  bow deck may be 

r a i s e d  s l i g h t l y ,  s i n c e  i t  i s  o n l y  30 inches above 

t h e  zero  speed w a t e r l i n e  on Wi l l iwaw.  

I n  f l a t  water ,  W i l l i w a w  tends t o  exceed t r u e  w ind 

speed w h i l e  f o i l b o r n e .  L i g h t l y  loaded, i t  can t a k e  

o f f  i n  a  10 k n o t  w ind  by c l o s e  reach ing .  I n  such 

marg ina l  winds, t h e  t a k e  o f f  r u n  may be r a t h e r  

l e n g t h y ,  f o r  t h e  d i f f e r e n c e  between p r o p u l s i v e  

f o r c e  and drag nea r  t h e  d r a g  hump may be smal l .  

The c r a f t  n o t  o n l y  has t o  overcome i n e r t i a l  f o r ces  

t o  a c c e l e r a t e ,  b u t  has t o  g a i n  cons ide rab le  poten- 

t i a l  energy.  Here, t h e  "one -s t roke  s a i l  pump" 

techn ique,  ment ioned p r e v i o u s l y ,  can be used. I n  

a  s t r o n g  wind, W i l l i w a w  may t a k e  o f f  i n  about two 

boa t  l eng ths .  The h i g h  s a i l  f o rwa rd  p i t c h i n g  mo- 

ment i s  presumed t o  i n c r e a s e  t h e  r e q u i r e d  boa t  

speed f o r  t a k e  o f f ,  b u t  i t  has never  caused t h e  

c r a f t  bow t o  " d i g  i n " .  I n  a  wave chop, t h e r e  i s  a  

v e r y  n o t i c e a b l e  d isappearance o f  t h e  sensa t i on  o f  

f e e l i n g  t h e  chop a t  t h e  moment t h e  h u l l s  l eave  t h e  

w a t e r ' s  s u r f a c e .  One g e t s  a  f l o a t i n g  o r  g l i d i n g  

sensa t i on .  

I n  seve ra l  y e a r s  o f  t e s t i n g ,  W i l l i w a w  has met and 

raced  i n f o r m a l l y  w i t h  a  number o f  c r a f t .  I t would 



appear w o r t h w h i l e  t o  ment ion  some o f  t h e  r e s u l t s :  

Hob ie  Cat  1 4 ' .  W i l l iwaw was even l y  matched w i t h  a  

Hob ie  Cat ,  b o t h  c r a f t  do ing 18 kno ts ,  exceed ing 

w ind  speed, i n  moderate sea c o n d i t i o n s  coming i n t o  

Hana le i  Bay, Kaua i .  The Hobie Cat had two men a-  

board,  w i t h  an e x p e r t  helmsman, b o t h  men l e a n i n g  

o u t  t o  weather  and t h e  c r a f t  f l y i n g  a  h u l l .  I n  

l i g h t e r  w inds,  when Wi l l iwaw w a s n ' t  f u l l y  f o i l -  

borne,  t h e  Hobie Cat  was f a s t e r .  It shou ld  be 

n o t e d  t h a t  t h e  Hobie Cat had a  s a i l  a rea t o  d i s -  

p lacement  r a t i o  t w i c e  t h a t  o f  W i l l iwaw,  and t h e  

f u r t h e r  advantage o f  a  r o t a t i n g  mast.  Perhaps we 

can say t h a t  a t  18 knots  W i l l i w a w ' s  f o i l s  a r e  

t w i c e  as e f f i c i e n t  as a  Hobie Cat h u l l .  

30-Foot Tr imaran.  W i l l iwaw was cha l l enged  t o  a  

r a c e  f r o m  S a u s a l i t o  t o  San F ranc i sco  and back by  a  

r e l a t i v e l y  f a s t  30 - foo te r .  W i l l iwaw had i t s  f o i l s  

s e t  t h e  e n t i r e  race.  I n  a  l i g h t  a i r  a t  t h e  beg in -  

n i n g ,  t h e  t r i m a r a n  took  t h e  l ead .  By t h e  t i m e  t h e  

w ind  had p i c k e d  up t o  8 knots ,  W i l l i w a w  was h a l f -  

f o i l b o r n e  and pass ing  t h e  t r i m a r a n .  When t h e  w ind  

p i c k e d  up t o  Force 4, W i l l iwaw l i f t e d  o f f  and 

s t r e a k e d  ahead o f  t h e  t r i m a r a n .  When W i l l i w a w  was 

h a l f w a y  back f rom San Franc isco,  i t  met t h e  tri- 

maran aga in ,  wh ich  was o n l y  ha l fway  t o  San Fran-  

c i  sco. 

39-Foot t r i m a r a n  "Nomad". Du r i ng  e f f o r t s  t o  g e t  

photographs o f  W i l l iwaw f l y i n g  o f f  o f  Kaanapa l i ,  

Maui ( see  FIGURES 3,  4, and 5 ) ,  i t  was found t h a t  

t h e  two boa ts  were even l y  matched when W i l l i w a w  was 

60 t o  90% f o i l b o r n e ,  b u t  W i l l iwaw moved ahead 

r a p i d l y  whenever i t  ob ta ined  w ind  enough t o  g e t  

f u l l y  f o i l b o r n e .  Nomad was f l y i n g  a  genoa j i b ,  

whereas W i l l i w a w  had o n l y  wo rk ing  s a i l s .  

FIGURES 3, 4 & 5  

THE PHOTOGRAPHS ARE A SERIES TAKEN FROM THE 
39-FOOT TRIMARAN "NOMAD" OFF OF KAANAPALI, MAUI. 
THEY SHOW WILLIWAW CATCHING UP TO AND PASSING THE 
LARGER BOAT. WlLLIWAW I S  DOING 18  t o  20 KNOTS, 
EXCEEDING TRUE WIND SPEED. 

65-Foot r a c i n g  t m a r a n  "Pen Duick  I V " .  The two 

c r a f t  met  on San F ranc i sco  Bay. Pen Du ick  I V ' s  

h u l l s  had j u s t  been cleaned, p r i o r  t o  i t s  8 day 13  

f o u l  h u l l  bot toms, 7 persons aboard, and lower than 

normal f o i l  s e t t i n g  ang les  were be ing t r i e d  t h a t  

day. W i l l iwaw was unab le  t o  g e t  f u l l y  f o i l b o r n e ,  o r  

exceed 16 kno ts .  The Pen Du ick  I V  was f a s t e r  i n  

p r a c t ~ c a l  l y  a1 1  c o n d i t i o n s ,  excep t  t h a t  d u r i n g  a  

Force 5 w ind g u s t  W i l l ~ w a w  managed t o  h o l d  even, 

do ing 16 kno ts .  

50-Foot monohul l  Transp_ac_ r a c T r  ' W a r r i o r " .  Not - - - - - 

r e a l l y  a  match, b u t  t h e  two c r a f t  s a i l e d  f rom 

Hawai i  t o  San F ranc i sco  a t  t h e  same t>me. W ~ l l i w a w  

s e t  o u t  two days e a r l i e r  and came I n  two days l a t e r ,  

f o r  a  22 day passage. Very l ~ g h t  winds p r e v a ~ l e d  

FIGURE 3 

hou r  r u n  f r o m  San Pedro t o  Hono lu lu  a l o n g s i d e  t h e  LEEWARD PONTOON I S  TOUCHING WATER. SAILS WERE NOT 

(monohu l l )  Transpac Race o f  1969. W i l l i w a w  had PROPERLY DOWNHAULED, AND HAVE TWISTED AND GONE 
ABACK UP TOP I N  THE LARGE APPARENT WIND. 


