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PRE SEN T S~ A i E  OF TIlE ART AND TRENDS IN ThE DF1VEL0P~1ENT OF HYDROFO ILS

[ N i I o v ~ n ov , E. V . ; Sovrerncnnoye sostoyaniye  i tcndent s ii  r azv i t i ya  sudov
na podvod ny kh kry l ‘yck l i ;  S u d o st r o y en iv e ,  N o.  9 , 1972 , pp.  10— 1 7 ; Russ i an ]

Twen ty  y ears ago the f i r s t  hydrofo i l  in the world en te red  the water—
w;iys . At th e  present  t i r e  / 1972/ more than a thousand hy d r o f oi l s  are
e st i m a t ed  to he in the w o r l d .  Of these more than 80% were bu i l t  in the
Soviet Union  / 1—3/ .

For the longest time marine transport remained the s]c”~,est with
respect to speed of motion . The rapid increases in air and ground speeds
threatened to deprive ships of their role in the overall system of trans-
port means . The average speeds on water remained 15—20 knots , while ground
raesport r e a c h e d  speeds of 200 km/h and air transport broke the soun d

• barrier. Even the significant increase in the pouer of the  p ropu l s ion
plants of hull—born e ships has imparted a s1i~~iL~ y perceptible speed in-
creirLent over 2O-~~0 knots. As is kn~~ln , t h i s  is caused by th e cubic reifl—
tionship b etvc en underway speed and tow power and , conseq uently, the pu~~:-r

2 / 3  3
D V

on the engine shaft expressed by the formula 
~e c -

It is apparent that the solution of the problem of marine transport
speed has to be sought in essentially new ideas . Thus , the idea of liftinc .
the hull out. of the water was advanced . In doing this , the i:ain ccurpc ’ .~~- r t
of total drag, the.wave resistance , disappears . }iydro foils or air cushiee
vehicles could be the moans to do this.

The fir~ t patent for a craft with hydrofoils was issu~-d in France in
18~ii to a Pu~ c ;ian s u b j e c t  Lambert. The resu~ t s of succe~is in~ ee t  i ~-~t i.:
i :‘ v~n iou~-~ cc ~1ries made t possible for  the  Cer~idian  cn~ I l l~~(~r s fl~- 1 i
Bal cain , ane ~~~~ae~; to ( evelop the HD—4 h y d r o f o i l  (cu sp 1 ~ t )  in

1 9 . i e  r a 1on ~ t i~ .c t h i s  launch he ld  t h n  ner id  spc~~d r o n o r d  en

~ 1 . 5 kn o t s .  The - t  st ~‘e in the  devel  opn1 n t of h\ ’ d r~ fo i s  ~~~~~~~ ‘~~
• 

~~~~ 
--

i n~ o u t  of the t heo r e t i c al  p r inc i p i e- ;  of desi  . A I :ir ~,e c en t  rib~~’ i t~~
t i -  h er ’  of i ’-dr o fo ii  i n  the  19 ci ‘s was made i ’v t t ~c ~ oVi d l  re~ c-l c c i ’

~~~. V. h. l ~ 
‘ . A.  T , 2 v Y e n t ’yev . N .  Ye.  Ko chin , A.  1. \ 7 i a d i r i r t v an d

• n n .  1 I ; ’ e ~~t : ; ;~t y: r~ as done by  t h e  C’.crnm ~~~~~~~ ic .~ i~~e.; P.
f . 1 j e t -; . . , ‘ ; ; t e n ~ . . The last. ~~~ d~~~,.d h i ; i v ~ 1 ~~~~~~ u~~d ~. .

1
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the p r n c t  i c c i  use of hydrofoil n on in]  and wate rways  and sea rou tes.

The h y dro fo i l  e f f ~-et  i s  caused b y the  p r o p e r t y  of l i quid f l o w  c o n t i nu i t y .
The upper  and lowe r p l anes  of t h -  fo i l  are p iven a different curvature so
tha t  the  u p p e r  l ine  of the  p r o f i l e  is lon~~er then the  l ower .  ~ hcn there  is
motion , t h e  l i quid  f lows  over t h e  t ipper  p l a n e  w i t h  a grea te r  v e l o c i t y  than
the lower , and a rar i f i~ d 7000 fo rms  above . As a resul t of thc  p ressure
d r o p ,  l i f t  i s  c r e d l t c  d .  The deve lopment  of t he  t h e o r e t i c - n ]  p r i r lc i p les of
h ydr o f e i l s  l ed  to t n e i r  s e r i a l  p r o d u c t i o n .  In the Soviet Union sh i ps of
this n~~: type entered the regular lines  in 1957. The Soviet ships RAKETA ,
METEOR , PPLARUS ’ , EO~~[TA , STRELA , VIK hR , the  launch VOL(~A , and others that
are known not  jus t in the Soviet U n i o n  b u t  f sr  beyond her borders . A con-
siderable contrib ution to the development of the new type of ship was made
by a team of Cor ’kiy design c’rs headed  by Doctor  of Technical  Sciences
R. Ye. A l e k s ev ev .  The popularity of the Soviet bydrofoils is attested by
the fac t  t h a t  at the Third International Conference on the Prospects of
}Iydrofoil s  and Ai r  C u s h i o n  Vehicles (London , 21—22 October  1970) several
reports were given on ships of Soviet construction /3, 4/.

The first generation of hydrofoils , b uilt in the 1950’s and 1960’s,
was designed to operate on rivers and lakes . Minor improvements p e r m i t te d
them to be used on coastal lanes. Among such ships were the hydro foils
KOMETA , STRELA , VIKhR’ , PT 20/59 , PT 50, and others . Their seaworth iness
was limited to sea states of 304 (and in some instances 5). Quite m di-
cative of the seaworthiness of hydro foil s was the journey of one of the
modernized  KO N E T A— N c r a f t  around Europe . The 11 ,500—mile cruise (with
calls, at 34 po r t s  in 15 countries) cont inue d f rom May through September
1971. Fe rout e t-he ship encountered  a 5—poin t  s torm. Accord ing  to the
crew , KO r TA—: -~ b~.:havcd beautifully in the rough weather. Non—Soviet spec-
ialists noted the successful long cruise of the Soviet hydro foil , which
was especial ly  crowned b y orders for  the hydrofoils /5/.

The further development of hydrofoils w~s connec ted with their entry
into the  open sea. This increased the requirements put on hydro foil  sea~
wor~hinese , power, and strength characteristics . The leading role in
the devC lop r dent  of these  ships is occ upied by the USSR and Switzerland.
Italy and Japan , as before , build hydrofoils on license from the Swiss
Suprar~ar comp any .  At the same t ime they are attemptin g to develop their
own se a go i n g  h y d r o f o il s  (F ig .  1). The United States and Canada in their

• work pursue  mos t ly  mi~~iLary aims .

Realirinp, tk potential of the new kind of marine trannport in asso~
ci:~~cd w i t i  t h e  sol - t i c e  of several prehi er -c . The rm~ n ones are the
d c - ’c l o p :  nI  of n e a v o r l hy  h y dr o f o i l  sv s t e i r  n~~l s i n  11 , I i i  ph— p o w e r  e e j ~~
sion 

~
] m t  :; . he s c e w or t hy  foil sy s t e m  sl iou l  d p c c ; ; e m s  a ro gu~ mr I ifc

val cc. Tin lest. nd ic ,~ d depend s on the scawa t r den s i t y ,  the speed of t t e
o n o:~i u p  f i r m ’ , an d  t h e  f ’i l  a r ea .  It Is c-xpressed by the formula

2
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where C
>~ 

is the lift coefficient .

When fo i  i ho rn e the  l i f t  equalr  the wei gh t  of the  s h i p ,  i .e • , Y = 1).
At. the  s e r f  t i rs- , d r a g  t ha t  is dependent  on the  same f a c t o r s  as is the  l i f t
is a c t i n g  on t h e  f o i l .  The d i f f e r e n c e  cons ict s  on ly  in the drag coeff icien t
value . A f f e c t i n g  t h e  l i f t  c o e f f i c i e n t  va lues  and drag va l ues are the fo i l

• p r o f i l e  form , angle of a t t a c k , aspect  rat io , and i ts  r e l a t i v e  submergence .
The I i f t  to dr e g  re t  i r  is ca l led  the  foi l ’s h y drodynami c f a c t o r .  The hi gher
the va lue , the  more advanced  the foil .

In the firs t stage the  various foil,  profiles were worked out. Later ,
two profil —— p lane  conve x and asyreret  rica]. double convex —— were u~ed in
p r a c t i c e .  The p lane con vc ’x  p r o f i l e  is w i d e l y  used fo r  sligh t l y  sub merged
and semisubm erpc ’d f o i l s .  The f i r s t  were  developed in the  Soviet Union .

S e l f - -s t a b i l i za t i o n  of sli y h t ] y sub merged fo i l s  occurs due to the e f f e c t
of the pro~:irLitv of t h e  free surface . -In the operating mode the thickness
of the  l a y er  of w a t e r  above the  upper ( in take)  plane should be about eqi .~al
to the fo i l  ch o r e . Ui~en the  t h i ckn ess  is less , air from the atmosphere is
sucked in to  the foil c a u s i n g  a pressure drop and a sharp drop in lift .
The reverse g f c t - m - t- is observe d if the foil is submerged ‘ebea waves are
coc’ii g in. It i s  r a t . exp e d i cat  to use slightly submerged foils on sea—
going shi ps ‘eeceus~ of t h e i r  “se n s i t i vi t y ” to wave action . But in coas ta l
sea lanes  su ch  fo i l s , a f t e r  some r o d i f i c a t i o n , can manage. in sea s t a t e s
of 3-4 / 1/ .

Scm ’ nd  nc- r g.ed foi ls  i n t e r s e c t i n g  the  w a t e r  su r face  are widel y used on
no n— S~~- ’ c t  b: vd r ofci . i s .  The end pieces of s.uch foils pro trude above the
w at cr .  L i  f t  i n g  or  s uh r e r g i n g  thcii d u r i n g  ship mc.veli-ent decreases or in—
crc e : t t c  r e t  su r f a c e  ni -ca. Dep ending on t h i s , l i f t , i .e . , se l l—
stah i I i z n t  ~c n  of th e  shi p ,  r ises or f a l l s .  Seeiisuh irerged fo i l s  are

~r of Su p r m n r i r company p r o j e c t s .  In the Soviet Union aae lgpus
fo i  ~s ha~~ bc a u~ t d  em t b ’  flFVK A n e a g o in g  excurs ion  launch  (Fig .  2)
and on the S~~ hT ‘.. I c  m or o n s ?  t he  s tab i l iz i ng f ac to r s , the f o i l  i s
1ivcn  - :ar i tie he :1 sh; pe~ (ci -i gi e of f l a re )  in  the deep ly subme.rp ed p a r t s

~~‘5
’ h a l t s  ~1I t e r s e c t  i n ~ -

~~ ‘e.:ter s u r fac e  /6 , 7/ .  For ex v ~pie , t h i s  h i n d
of I c  is need as tL ~~r -mrd foil on the PT—5f) , buil t hy the Su p i n i n

H A f o i l  t h e E. i~- ;~ r a t ’ t h e  w e t c  r s u r f a c e  co .’n i s t s  of s l i g h t l y  s o ; —
n ’ i ~ c~~ a d  d - . p l v • ;- : d sec t  ~en: . To ir ~crcese  the e r a  of the  decp~
t ;e h : rgd- sect  i r e ;c  t~~~~C ’. ~~r -  ~‘c~ s~~’~j co— t to rha effects of s’ a ¼ e  a c L ~~e; ,
i i - I i z o ; t . i l  c l - - c u t s  o f  t h d-  foil are used. Such foil ;; ~~~ uc; ,d on the
rT 70 . i~ Tt ~~ L- .-~ hI 5 / ( F ~~c- . 3) , and some ot ~ - - The e f f  L c t  of \ c t V d

a r t i ’n  sh~ r mc ’ r fc ’ nr ’ . t r m ’ lu th i e  (~Pf f l  ~..a c a n  1- j i f l i a t  ~d P. c.c.;fle of
du , i l v  and cel p i . ’ c lv sci l  nc~ ’g t d  f o i l s .  T h i s  t . t  u ;  t i t  t h e  foil n i l - —
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mergen oc dep t h  In all  modes of opera t ion  shoul d exceed the  value of the
p r o f i l e  chord .  The p r o f i l e  of deepl y suln crp i .-d fo i l s  is , as a ru le ,
doub le  convex.  In this case a constant lift value is provided by the
fo rced  ch ange of t he  angle of attack. For the seagoing hydrofoil s of
the second g e n e r a t i o n  in recent:  ye/irs , .in a u t o mat i c  con t ro l  s y - s t e c I  for
the f o i l  ang le of a t t a c k  has been s u c c es s f u l l y  i n t r o d u c e d .  Spec ia l  sen-
sors mai itor  the f o i l  pos i t ion  r e l a t i v e  to the water surface , send ing
si gnals to the control mechanisms . The l a t t e r  r e g u l a t e  the  foil angle
of a t t a c k  or the  f l a p  p o s i t i on .  The f l aps  are espec ia l ] .y  used on the
TAYFU~ ( l i g. 4 ) .  A u t o m a t i c  f l ap  control  ensures smooth hy dro foil  motion
and a constant  1 .5—rn c learance . The ship ’ s opera t iona l  speed Is 42 knots
on s t i l l  wat e r s  and 3i knots  in sea s t at e s  of 4 .  Ship remains seaworth y
to a sea state riexiriu m of 5 /8, 9/.

Besides the Soviet Union , the United States is very active in devel-
oping comple tely subrerged automatically controlled foils. The DOLPHIN
/10/ has  such foils and i t s  military version FLAGSTA.FF (Fig. 5) also ,
so do the HIGH POINT and TUCUNCA RI . The last named is a gun ship c-ad
has been in service since 1967. Exper ience  in its operation has appar-
ent l y been successful  since Amc -r ican special is ts  use it as pro to type  for

4 new p r o j e c t s .  On t in ’ basis o . the TUCUMCARI the Boeing Ccrrr’ene’ h a c  de-
veloped a promising program of develop ing 540—t and 44 00— t d i s p la ce m en t
hydrofoil s /11/. TUCLMcARI has also served as p r o t o t y p e  fo r  the. I ta l i a n
cutter ALTP’AVT (50—t displacement) and an Amer i c an  fer r y  p ro jec t  for  300
passen ge rs. For demonstration purposes the TU CI~ !C,’eRI i.n 1971 vis i ted
various  West European countr ies  /12/..

Automatic control foil systems are still very expensive , compl ica ted
to operate , and insufficiently reliable. On the basis of the hydro—
dyn ami c f ac to r  they are i n fe r io r  to f ixed  foil  sys tems by a fact cr cf
l’~—2 /1/. Nonetheless , automatic cont rol is consid ered m o s t  p romis in g
for seagoin g hydrofoils . Experience shows tha t  b y means of it waves 4 in
high and greater can be . managed.

Presen tly, a foil system in which air is artificially sent t o  the
foils is being developed ( i t  is known as the Schertcl . - Si~~~m ’mar c-y s t a l e )
Essen t i a l ly  it is based on chang i n g  the l i f t .  c o e f f i c - ~e n t  C~, by scat t i n g
air to tl~e foil  plane . Having provided and r e g ul at e d  the des ign  a i l  fl ow
value , the value of C~ can he controlled so th -~t th e  shi p can operate
stabl y on rough w a t e r s .  A r t i f i c ia l  vc ’nt : i . i a ti on  of t b -  i l l  aI,c-c r e su l t s
in some increase in the  hy dro f o i l  ‘s hyd cadvn;ii ’ic fact cc aC preca\’itat Seine 1
speeds (ug a 50 1:; u .;.) . f l ; i r i i~~’ t i ie  v e n t  t i n t .  ic- ; 1;c-.~~ess 

t h . . a i r  n ixee
~?ith hi- i- -a t o  r fle ’.-~ which  has  n o t  yet SCjS it t tb I re” th~ • foil • Titil 5j ,  m c i ’
In the l e t i d a r y  lay er  is  incrc - n c I , the l tn’c’ r .i t ;s e l i  l e e n i -  a t h i c h e r  and
d i ve i g  s . O w i n g  to  t h e  a ir  L~~~r bch~ ud t ; t  ~~~~~ i t  n t ~ ~. i t.dtc p ro—-
f i l e  l e n g t h  had increased . Thi n I c ads  to  t o  inc reesLl d ~~~1 tt 1 ’  C i l c e l  a t i o n
around the  pr ii lc i , a I S t - S t U l ’ ied i~~t iih ’u , : im , ; n d a c ~~e ’g~ in i : i I t .  At.
speeds g l e l c.  i b m i ,  c e v i t _ ; L i o i - .;l  .j- 1~~~ ~ i t i  h~~d~ . d , I i , , - -  ~h c t n can lu
i n c r ea se d  th rough 1 1  f or e  and  t’ of th~ - t n  b t  : t  ~~Oi~~~l c m v : t  3 i  I i i .

— -~~~~~~~~~~~ - .  -.
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A t h e o r y  exp la inin g the foil ventilation effect is now being dovel—
• oped /13/ .  ‘ibe ventilation method was p r a c t i ca l l y rea l i sc- d on one of

the  PC 50’ s produced  b y t h e  Su p r a r a r  company (Fi g. 6 ) .  T r i a l s  proved
the inpro ’.c; cat  In the sh ip ’s se-ak eep ing  a b i l i t ie s :  he el  I n g  r educed
( to  1: 8 Z )  , r im r educ~-d ( t o  66%) , ver t i cai  a ccel e r a t i ons  reduced  (t o  4 0% )
speed In rough waters increases , and t urning circle. di m e e t  er d e c r e a s e d
/ 14/. i~o~ t ver  Ic. s t i l l  wa te r s  the  speed decreased , the hy dro fo i l  showed
t h e  low s Iu : -g i s h n e s s  of t h e  new sys tem / 15/.  Foils wi th ar t i f i c i al  ‘c-en—
t i l at i o n  l ti\’c - been i n s t a l l e d  on the  l a rge  PTS 150 Mk I I I  QULE1 OF l-,7~Vr ,S
a-nd PRI~~C[SS OF RAVES h y d r o f o i l s -  ( F ig .  7)

A new ee ’ t:hod of rol l  s t a b i l i z a t i o n  also foun d a p p l i c a t i o n  on the  ex-
per imental  C en .- id inn h y d r o f o i l  BRASD ’OR ( F i g .  8) .  I ts  ro ta t in g f o r w a t r d
aux i l i a ry  f o i l  is p r o v i d e d  with a ven t i l a t i on  sc-stem. The ship ’s foil
sys tem is kncn m as the “ canard . ” Unl ike .  convent iona l  sys tem s , the a f t e r
foi l , mo u n l a l  on Y~ the  hu l l  length f rom the s te rn , is t h e  bear ing  sur-
face . Frote the point of view of American and Canadian specialists , this
arrange-icc-nt provides.a hi gh degree of longi tudinal stabili ty when t ravel-
ing  roug h w at e r s . This  is  e f f e c t e d  by t h e  so f t  c h a r a c t e r i s t i c  of the
forward a u x i l i a r y  fo i l  wi th  slow change in l i f t  value as depth  of submer-
gence changes . On the other  hand , the  a f t e r  foil  which i n t e r s e c t s  the
wate r  s u r f a c e  has a ri gid cha rac t e r i s t i c  of l i f t  increase  as submergence
depth in creases .  The p r ac t ic a l  cons t ancy  of th i s  c h a r a c t e r i s t i c  maLes
it easy to r e g u l a t e  the  fo rward fo i l  l i f t  b y sending a i r .  The sli ght
l i f t  increment causes (in the case of trim) the occurrence of a righting
momer~t relative to the center of gravity wh i ch  s h i f t e d  toc’nrds th e  a f t e r
foil . This morcun,t is suffic ient to bring the  ang le  of a t t a c k  of the
bea r ing  foil , and wi th  i t  the  lift , to the calculated val ue.

The sys tem of a r t i f i c i a l  foil v e n t i l a t i o n  descr ibed above is con-
sidered more accep tab le  for  seagoing h ydro fo ils  than the automatic
control s a t e r e . I ts  advantages  consist in the  lesser comp l ex i t y  and
great simplicity of servicing, low cost , and high reliab ility. Still
another foil system ~- ae proposed for the second generation hydrofolis.
This svs e”, knewn . by the name Hamilton Standard is a dual axle , rotating,
1~—shaped foil that intersects the water surface. Such foils are used en
the ne-i.’- series of BuS b:drofoils put out by the Italian Rodriquez corn--
p~~~y ( F i g .  9). The foil is attached to bearing of a shaft passing across
t he  shi p ’s h u l l .  This makes it possible to change ang le of at t a c k  a. •

The foil does not deviate under the pressure cf the water because of a
sim’ci::I n ehanism that  reacts  to impact loads , thereby en h a n c i n g  t h e ’  fo:~i

m cmi ’ i i  itv .

W i t h  t i r e  appearance of h y d r o f o i ]  s p e ed :  oem w a t e r  i nc reased  to 30—33
k not s .  Ii~ i~ expected in the future that the~’ wi l l  increase  by r e
t han  tm - c i--c:~ . Eve-n imom’ hydrofoils having speeds  UI) to 70 k n o t s  ar-a
b c- i ng d:-’.”’~ ~~ . But to reach these specd’~ tim e cav5~~z :tioia t h arr ier ci 1
ht:~’~ to I ’ • ! r ’L c a  . (-c- vt ration o ccu r s  at t h a t  none-nt c i i ~ t I .u  
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on the  i n t e l - c  s u r f a ce  be corc-~s le~ g than the  pressure  of t im e  saturated
wate r \~ei c r1; . Vapor condensat I causes e ro s ion  of the foi l  su r f ace  at
the contact point ~.-ltIi the- cavitation cavity . Surface erosion and re—
duct iomi of t h e  iiy drod y ireic factor pf the foil results i n  a decrease in
l i f t .  There  are two ways of so lv ing  the cavitation probl em. Firs t , it
I s  p o s s i b l e  to post. 1 ane- the  m ac-mi t  of on set,  of cav i t at  ion to the  h igh
speeds h o ’, c n d  the  h a l t s  of the  des igned m a c d o .  Secon d , it is possible
to s t r e t c h  out  the  c a v i t at i o n a l  cavity t h r o . i l ) i  t h e  e n t i r e  l eng th  of the
p r o f i l e  so t b - i t i ts  e a r t a c t  occurs  a f t  of the  foil. The second way is
cons ide red  m or e  p r o m c i r i r g .  The use of the  so— cal led  “su c e r cav it ot i ng ”
mode pa r ’ a r t a  high shcedr ; to b e- - d eve loped  w i t h o u t  r e d u c t ion  of the foi l ’s
h y d r o d v n r r : m ’ c f a c t o r .  Ar early a the 1930 ’s it was understood that the
forward  sharp  edgar of the  p r o f i l e  f a c i l i t a t e s  the  rap id separa t ion of
the b ouai c t m r y  I aver from the surface. The cavitational cavity formed in
this p ro cess  develops w i th  increased speed. Spreading the air cavity
th r oug : :  t h e  en t i re  l er gth of the  p ro f i l e  in an earl y s tage of mot ion per-
mi ts  p r a c t i c a l ly u n l i m i t e d  speeds to be developed .

The s u ; er c a v i . tm t i n g  mode is achieved b y the  selection of a p r o f i l e
whose s t r e a m ]  in c  f low is a f f e c t e d  by time shape of the forward  ed ge and
pressure  ( l o w e r )  su r face . The load on this fo i l  should be perceived by
the stron ger after part . With t il ls in mind , s u per c a v it a t i n g  p ro f i l e s
wi th  an i n c r e a s i n g  t h e o r e t i c a l  hy drod ynamic fac tor  m aximum have i~een
developed /16/ .  They have a thin for~card ed ge and pressure  sur face  of
rounded c u r v a t u r e , as we-l i  as curvatures of the second , t h i rd , and f i f t h
orders (Fi g. 10) - The fo rmer are e f f e c t i v e  in the  ,case of low l i f t  val-
ues. A p r o f i l e .  w i th  curvature  of the second orde r has found p rac tica l
app l i c a t i on  in seagoing h y d r o f o i ls  cu r r en t l y b e ing  desi gned and bu i l t
( e s p e c i a l l y  in the  Iflt~ S 1)’OR) . Prof i les  wi th  press ure surface c u r v a t u r e

- of the  t h i rd  and f i f t h  orders are theoretically more e f f e c t i v e . The
l i f t  in t icem occurs in the  a f t e r -  ed ge , and the h y drod ynanic  f ac to r  can
rea ch lm:i gh values (cf the order of 100). H6~ ever , in p rac t i ce , h y d r o —
dynamic f a c t o r  values of not more than 8— 10 have so far been a c1riL’vc’d .

At the present tiice s up er cnv i ra t i ng  f o i l s  are used at speeds of 50
knots  and above . Reference  / 17/ invest igates  V—shaped  f o i l s  for  th cc
modes wi th  so—ca l l ed  pa r tia l  s ta l l  p rof i l e .  Combinin g  the  sup er c - ic ’ i—
r a t i n g  foil  wi th  a r t i f i c ia l  v e n t i l a t i o n  imp 1-c~~es ope ra t i ng  c o n c l i t i o i s .
Ai r  sent to the cav 1t~ aece le rat -e s  the  onset  of cav l ta i  ion , thereb y
facil itat~ r g the rap id development  of a d e q t a t r -  l i f t  ari d f o i i h or - i ’ c g e r —
an on. . -

It is-si  p r ev o m i a I v  aeen t h s i~: -:m t t m:i t an increase in by-trefoil d i m , --
p iacc -rc : r - t  leads to a signi ficant gra-’’Jr of tiC ’ r e lat ive  \ :c i  ~

-
~ m t  c f h e

f o i l  sy :~ e - c 1  - At t i me -  I : m : • e n t  t i m e , th is  ~‘ai tra ’  i s  .-20~ of  t i r e  c’i s i’ 3 i ’

ri -c t . T mm v e ti ~‘c-~ i o u ,  L a v ~ ~- hot-: m t imai t ’  in t h e ’  ¶ , :~ r :rc: the roi~mt iv e \- - c i

can he- r a L i t  e m i m i r d  and cc-ar: i o d ’ c - ’ i .  lL~~c op tm t , ~~’ t  i r  c - i -  time. cxem’~-a s’d
p e s a l t - i l  lt cr; c- f  i ’ c d u -~ r r g  t he  vol at  ice  ~‘,s i g! t  of crtmm p l r t •c- iy r m t h i c a t m g ’ o d

- - - - -- -_ -  - --‘ --- — -
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Fi g .  9.  I t a l i a n  125—Passenger  H ydro fo i l  Ferry RH S 140: a — side view ;
b — topv iew of resin deck ; c — topview of salon and engincr ro omn

Fig. 10. Profiles of Superenvitating
Hydro foiis. I — w i t h  rotn~ded curva—
tore of pressure surface ; 2 , 3, 4 —

wi th  cu rva tu re  of second .  t h i r d  ~nd
fifth orders
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c ( r I l e t  i - I  y ; m m h t a e r g e - d a tmi to r - ea t I ce ll  y con t ro l  le d  foils to 1OZ /18/. In
t h m I ~~, s i g n i  I can t  t cs - 1 i r m l u g i c ; m l  d i  f f i c u l t i  - a s so c i a te ’  w i t h  increasing
t ime  sI xc and me tren gt im of the  foil r ; y e c c - r ’- cc~ mb I e of s u p p o r t i ng  t i m -  con—
si dcr : h Ic d~~raaLc I end:; unavoldab  I al- 15e- - ‘i h -  b u i l d i n g  of st r u t  s 10
secure d e e p l y  sol e - t m  1 c - d foils to t h e  hull bee r -i ; mo re cos g i icated , and
t i m e  area:::- ::t of tim s ha f t s  in t h e m  to t r m : : a i t  powe r from the  m a i n
engine’s to t i m - pr otellers hoco: -- -s l o r e - -  d i f f i c u l t .

Sm -eli hi gh—speed  diesels w i t h  inclined shafts for powe r transmission
were widel y used as m ; . - i n  eng in a on f i r s t  gen er a t i o n  h y d r o f o i l s  (Tab le  1)

- Table 1
C h a r a c t e r i s t i c s  of I-hi m Eng ines of Fi rs t Genera t ion  H y d r o f o i l s  /19/

Diesel jc c - -r Spec i f ic mass Specif ic fuel - Period betw c-en
h p hg/h p rate , h g/h ph servici nm~~, h

Up to 1000 4 5—11.3  0.18 2500

1000—3000 4 . 5 — 6 . 8  0.17 3000—5000

The ex tr em -m a n k l e  of i n c l i nat i o n  of the  prope ller s h a f t  at which normal
eng ine cnr ~ r - r ogc- ] 1 :- r o~~a r e t  ion  is possible  is 120 . When the  clearance is
increased  ( c l c a r a m e c- L l ’ a t - ~e-cn hull .  bottom and water surfa ce when foilborne)
the p r o p e l l e r  s h a f t  C r i t I C  of m c i  m ot ion increases . As a result the
eng ine ope rational cond.i tions becc ea poore r as does the nature of the
fl ow around the  pxopc’ilers and , consequentl y ,  tire propulsion coefficient
decr eases sha rp i\- . The use of gas turb ines and angular drives is a depar—
turo . Gas t urbines w i t h  angular drive columns were installed on the
American hvdrofoils f~~T, Pi i l N , DE~~J ggg , and VIC T Oh IA , as wel l  as on the
Soviet h y dr o f o i l s  ~~ h~ V TTST g IK and TAYhV ~ . The i’A\’i- U~~, dosi  gned fo r  100
passc-ngc-rs , was eqoi pped with two 1 700—hp AI—23s gas turbines operating
on die~ ei fue l  - The r - m ’J e r  i s  t r a r e s r e i t ti e rl to twa propellcrF t i r r o u :-h K— l .70 0
angul ar drive colurtins . in the hul ihornc po~ ition a l (-0--h g slow—speed
diesel en: ~~~ o g c - r n t  a the  propel~ e rr  noes  t~-~ oem doub l e’ rotating KP—150
lif t column /8/.

Ar g rl si- :‘i c ’c lmanicai  t i e m s a  I r : s i en s  u s i n g  ve rb c-el  c o l o r -e r  he i v o  h i gh
e f f i c i e n c y ,  ] i g h t  c c i ~

- 1 m t , an d  s e - i l l s i z e .  l l m - r - c fore  t h e e -  h ave - f o r m d  cv:’r
g r e e t  cv C S C  i~’ c -ng ~ iri g l - v d r e fp i  1 e , de pi Cc t h e i r  h igh  c o t  and cot a l ex - -
I t y .  T i ter .  a rc- d: ’i \ u  I - si  s- : t ~~ dc ;; I ~‘ t ~~d t o m ’ e m r : ; e  i t  1 a r ~ -re up to 20,000 hp
( ;yNI So :~) . Th e -; r i-evade c ;n r ; i d e  m I l e  c l c - a : ’ s m c o  duriag hydro foi l P p - r a t i o n
, , ;i a h g l; p : : ; ’~~:’~ien  c r c ’f I i e - l c - t r t  C l  t i c -  i~~~’~s ’ l 5 l o n  sy st em: - . S p&’ c L f i L ’;l l l y ,  -

t i m e  h m v d c - ’ fc 1.1 ~‘1 - r i  1 \ ’ ! I . ’ b , - -~ a fo i l  m i t  n i t  h c i ” l :  t c i  7.6 , and dr ive  eel t rr’n:-

of 9 ri , m a i l i n g  pe rs i h i . - f o i l l c - r n c  egera t~~on in s av e s  m m ;  t o  /~ .6 ma h i gh .

In ( h - -  t ire- , r i - ’ ~e - di mep i :r :: -m - ’ m i t  , I o : ; ( — O C 1 ! y i m i g c e i ) s ~ C i t  y ,
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and sea;,-n r t l  i m c : ; r of h y iro f ~~1 ls  m e - v - :o ;’ , a wide- r use of ge: turbines

- 
mu s t  b-c e x p e c t  •- d - Diese l s  w i 1l  r e m a i n  only  on r i - l a t i w - l y a m a - I 1 and sIrs --
shi ps. This is i ll uctrated by time dat a  in T ab l e  2 . The f - i  is that
p 1 s t i l l  ( -f l gil l c - -s h - m ’~J n g  a power  over 6O fl i) h p have l a r ge  we l t -h i — s i z e  char—
aCU-r i S  t i c s  - t ’ r r . - n t l  y , gas t u r b i n e  sri  t a are u n d e r  dc-v t  m i - c  - n t  t h a t
dev elop i’e c m t  l - - s ~ -v  al  t h o i m g ~i t h ey  ar c  r e la t i v e ly m ; ri : 1) I ari d l i gh t  - The
Am er r i can  P i c a . t and i-Pc i t u c y  Company 1- u i ld  FT type  m ar ine  gem:; t u r b i n e s  h a v i n g
powe rs cf  2- ’ ,20 0 , 26 ,950, amid 31,200 eh~ at 361)0 rpm and exh aus t gas t e ir . —
p c - mai l  or es of 3 T i — ~ 7( ° C / 2 i / .  The use of s uch eng ines on r : o n r ri i it a r y  ~h i ps
i s-  s ti l l  h i n d e r e d  by t he i r  h i g h cost and h igh  fuel  consumption . The pros-
pe ct s  of gem :-: t u r b i n e  u n m j t s  are also in f l u e n c e d  by the  cur ren t  tendency
t o , ’- :r d r educ ing  the  spe - -ci  f i r  cost of the  power u r i  t a  as power increases .
Moreover , in f m a t r m r c ’  t h i  spec i f i c  fue l consumpt ion  for  gas t u r b in e s  wil l
possibl y decrease ard they wi l l  convert to diesel fuel.

The powe r of the propulsion plants of existing hydro foils goes up to
17 ,000 h p (D~~ iS0t~) , and of m i l i t a r y  h y dro foil. s 30 ,000 h p (P L AT NVIIP - I )
The--se h igh rs;-c’rs rerlai re ci that the problem of propellers he solved anew .
Fixed p i t ch  m r c : l e ; : v i t a t i n g  propellers p resen t l y are nm ost widespread .  As
the- speeds  of Ia ,- d r c - f c i l s  increase , eve r, greater attention is d i r e c t e d  tc,
the d ev c - i e p r  -c-st of s u p e r c a v i t a t i n g  propel lers . The devel op rm c-nt  of spe-
cial p r o f i l e s  fo r  the  b lades  an~ the i r  a r t i f i c i a l  ven t i l a t i on  is essen-
tiall y the  sacs- as for  the foils . S u p e r c a v i t a t i n g  propel lers  have been
installed on t h e  h yd ro foil s  BPJ~S D’OR , PLAINVIEW , am-id DENISON .

In recent  years  specia lis t s  have devoted much attention to waterjct
prope l ler s .  Thee - are qui te  simp le , r e liab le , and inexpensive - P r e s e nt l y
in the UShit and abroad efforts are being made to  increase  t h eir  c f f i c i e - n c : ’ .
W a t e r j c t  p r o p e l ler s  have been provided on the Soviet  CH’m~ iA , Bt -RI TV g S r h I K ,
and in  the  p l a n i m m e d  l S l K L O t , as well as on the  American ships TU CU: -ICAFI I ,
ari d FLA (T i I’AF }- , and in the  planned French passenger ship ~SA—8O0 (Fi g. 11) -

~‘he e f f i c i e n c y  of w a t e r jet  propellers at hi gh speeds approaches  tha t  of
s u per e -av it a t i ng  prope l  lens .

I t  is i n t e r e s t i ng to no te  tha t  fo r  convenience of operat ion seagoimig
hy d r a - f o i l  a are cqui~~p ad wi th  aux i l i a ry  s low—speed propellers (huilborne)
Thee are either m ou n t e d  in emlmrouds on the sides or In au x i l i r n - y h inged
vertical columns. A variety of different types and arran gem ents of
eng i n e— p r c p e l l c o  sys tem s  is cha rac t e r i s t i c  of ne md ’~rn h y d r o f o i I v .  The
d c - v a - T a p e s - n t  of c ’ i c g i n c — p r o p c ’l l e r  syster -is and hydrofoil foil se-st ems dec-s
not c - x c 1  ode t h e  c-ed to i moprove h u l l  lines and shape.  }ios’eim- r invest:i --
ga t  ten s  i m m  t h i - - d i  i - _a. ion f o r  the p ur pc m ;e  of i n c n e m e m s i u g  ape  d~ ar c . net

at time p ie cmli tir. - Therefore  se l ec t ion  ni l Im y d i o f o l  1 hu l l  c - l i  m i n i  ~
ari d mImrgc is r - : d- c ’ ! m i ’~ f l v  on the  basis of cons5d~-rc r ions of i o n d — e a v r r e ’ m . g

i t  , se ir :  c - i - I l i t - v f o r  in du s t r ia l  p r o du c t  iom - i , ir e- -- i-h ot l e n  ~n md wc :i ph
i n d i ce s .

I i1 t i c -  
~~~~

- -se of r e du c ing 51111) Ira ss , l igh t cii i l l  i l i C  a] loy s  are 
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u - i d  ; I ;  I ’ . ’ -  1 1 ) 5  C C  r u e t  oi’ .:l I - CIt  c i r l n l  In  n o d -rn b y dr o f o i l s .  Sepa ra t e
~5 i i C - i’t ~~; of t h I s  i teri , -1 > 

b -  j o i ned b y :. - l d n g  or r i v i - t i nF - .  R i v c t e d
j O C  I C C  C ~l I c  t c ed on Si~~ - rs ): )r  sh ips  C ~I L  ~

-:- - I d i ~~’. - o f  a lurninur i a l loys  h ia ~;
l ’i -e i r  r S C i C ; t ’  i n  t h s  I]~ n r , d  t h i -  I’ ~ fI~I The f c ’ i i  ) i y C t ( - r : C  is , as a ru l e ,
m ade O f  C t  CC~ ni ~-~-;.u nt c e  I ( ‘i n ~ - I ci 3) - in t h e  fu t  l iCe  , the  U~;i ’ of carbon
l i h o  i s  nor  1 lb  e i n  f~~i I C C-;C ~;t  i- i c ’  - t ~ion - For t b  i~; l a - I t t -  am 1 an c -x c -p —

iorial  i”. ii l i  St  rc-n , ‘ : t C CICC SCC r : i t  j O  I ‘C obC ; i  ~ ‘- i  d - The ca rbon  thr ead
obt  a i nc - d h i~L u ,’ I ~i ’  - ~~~- c- i ;, 1 p r n c c - ss i n~~ of ar t i  f i c l a l  p~ I yn (-r -

(bCc-c , t i o C i c 
~

- l  r Lo’n i r ~ ’ L o t C ~ ’ I ’ r ; i f (  ic -al  usc -  of t h i i C  r n a t c r i c i 1 have not  yet
r c c c i -  lv-  d / 12 /  -

At t b -  I C C  Of rb-- I ~~,J) ‘
~~ ~~~- i  :C’ ’:p c ] a l i s t  cc h o i - a n  to ci ::prei-o ; doub t in

t e  fi t tr r c- ~°C i  ~C t i ’ , ’) ‘1 t i  h ’- rc- i i - i I  - W O Y i - _ d ’SC-C -  in t h c (  Sov ic  t Union
( I d  ~~- i o - d , ~~C s- -i I C C C  i .- a r c  i ic i i l s i l  € d  C > r ~~~1 5  nc - c in hy dro f o i l  ope ra t ion ,
- 1 e V c i d tb -Cci  d a : c ’ t ~ f ’ . - bc i i n f o u n d i  J / 11 , 21/ .  T1~~ f u t i r r o  c i c - v t - I c ~; ioont

or  e f f ~- c t i v t  Ly drc—foi1 . ~rc r ( - 1 a t c - C ~ t o  the t b - t i  I C  H s . t  iOn ~ f T C ~~~~~ ’ 0 ’ C C l .

f b I  da- of  c’~ - - !.t ~irc ’. - r I t  a t ta-c t S are liii- i i i r ,  ~‘:ide to do f i n e  O p t  iCC5 _) l

i v  C1 I i f o i l  ze , powe r p i s~~ts , ar id car~ ci -s t i n t  n h -n d  ~ bc c a r r ied .  Thor c
a rc- t i-so pci c t  c o~ vie- - . ’ on ftc e f f - c t  i veness of h’ ’ :’ r o f o~ l s  in the  f u t u r C -

- a - au  c~~’ - c i  r-~ i~~t S C C I I )  of t h e  op i n i o n  t h a t  t h e  n j - c  r a t  : c i  of c c r c : c ’r e i  L i
h y d r o f o b  ls nrc 1onç~ lii - . a ~- -oul  d f l a t  be c - f f i  c-i -c s t - T h e r e f o r e  t bc i  disp 1~~ct- —
n u n :  t of i v c 1 cOi01 i S  i c  r o t  1 i I c - I  t o  a-c -- i c-c d ~J~) f b t In t he  f i c t  t i r  - Ac er~- 

‘ - - i  e,~ C - c - r ; c - r I c-~ - , u r i l i k c -  t h e  Europ .’.~n , 15 hn~ €— d r~~i t s - f l n  On t h e  d a - V e l O p I  c d t
~ I-a l C size Ic ~~ : i o i ls. I’ . S - sp~- c -  cc l  i st s  b e l i e  ‘.~e ~ t is poss ihi  e to d c-vc  lop

icia - - er  h 5 ’dnc ’  o i l s  ~s i t ! c  ,e:c:r - - - s t i c a l  lv con t ro l 1  CCI f o i l s  f o r  ocean travel -
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- Table  3
M cii  c a Ll  a, I n e d  f o r  H ydro fo i l  h ul l mid Foils

S h i p  Al - i l  b y  fo r  }‘ul 1 ?-lat -rial for foi is

_ _ 4 , ~ [ ‘f l ~ iy , Dural . t i c: ,  Dl 6 ( r i v e t i ng )  Steel  Khl 8~ 9 ’J ’
C 1iA Y~lA Sane Forward foi l — A!-Ig—6 ]

A] alloy; afte r —

\‘48—4 alloy

S}TT:;l Y , VIFIHb ’ A t-I~-— (, l ( C - a - ] ding) Steal Khl 8N9T
K ( -~-!b- 1 A Satr~i Steel. Khl SI-lI O r

U . S-

TU CI ’ C .hI , V T C i ( -~~J A  — — —  Steel Nu—80
PL A T I V ~~, h c 1 1  ~- c ~~; Al loy  5-~ 56 (we ld in ~1) — — —

Switzerl -inci -

Supra i — .Cr Corr p cm y Al — ~~g--S i  alloy (riveting) Steel I-ISt52-- 3 (FRG
s t a n d a r d )  wi th  =

36k gf/mrn2 and

52 i c g f/mm 2

Spe c i c  1 h t y d r o f o i ] r ;  Steel X 4 C r N i I ~-c- l lb
PTS 1 5”t ——— Lo\: carbon steel wi th

50 kg f/ i - : i 2

R}IS 110 Pe ra lu r r a n  oc i loy (r i v e t i n g) Specia l  s tee l  wi th
- 

52—60

~L 5 7  
- 

A l — ~~ L U c y  I~~I 35 71 ——— -

b rand 111 0

I I
BR AS D ’ ( ( l - C  — —— - N t c i : c ’l  steel

-
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In t I i - i  a a-~ i i i  Ion / 11 /,  h y dro f o i l  n h av ing  a d is p l  n c - c - r n - n t  of 4400 t can be
p 1 a~ i :- -d an earl y ccc : 1980 _

5c r -v i c e  on 10~) f l - n  sea l i m i e r  is onl y a rcca t ter  of t ime. On thcnc lines
l ly dro 1-- 1 S C ’i .l I n ; - p : ir c n t l  y be a b l e  t :o en --p et ci w i t h  ~v~i t  er—d i sp i sic i rig shi ps -

C a lc u l , : i  S i - re ;  show t h a t , on t h e  average , t i l e  modern li ’1-dr : ifo i  1 v i i i  be ab le
to t 1~~i c v - j ’ i ’. l  I h u t ’ ,: 1. i t -ca-S r or t ’  pasrengerl; and cargo than the c o n v e n tio n a l
f e r r y  of  the s - crc - -:- d i - ;p l  oc: ‘ - c s - c -  l it  - -

It I - : ;c ’ ;t  be nc-ted that the sp eed of hydrofoi].s in the f u t u r e  is ex—
p e a - t e l  i c  r e a ch  50— ( ,O H u n t s .  To a great e:-:tc-nt t h i s  w i l l  depc rm d on suc—
ccz: tul ly ov c r c ( - r -  i n g  ftc- cav it  sit ion b a r r i e r .  In ; u d d i  t ion , the hy d r o f o il s
0 t i e f r i t  er a -  will r c cu~ re cons ide rab le  powe r (Fi g. 12) .  The t heo re t i c a l
p o r n  I I -  11 1’.- of ob t ;  ,: ~ng  such p ’n-:c-r ~; has ha c ’ i  conf i . rr c d  b y t h e  c lc-ve lopnr emit
of r ca r i  :i~ i-as t u rb ines  wi th  po ser r a t ings  up t o  30 ,000 h p /20/  - And
the p u — s s i h i i i t y  of ibsvc - ] op ing compact n ’nc le ; .r  pc- va -n  p l an ts  has not  been
exci Cidl il - -

Par a l  lc] .ing the development of seagoing hy d r o f o i  is , small  hy d r o f o i l
launcI~c-a h a v e  re c c - ived  -.-:i dc’.~;j - r ea d  d c c c  p t : I C C C e  - They arc used as e:- :c ”rs ion ,
spor ts , f iv . I i ing ,  p leasure , and ha rbor  b o ot s  - Many n o n — S o v i e t  ol -span ies
in Gr ec .1  L r it ~~~ n , C :cnnda , and !C l o tr a l i a  produce  Such) ship s.  This t rend
h as  r ecc ivac d much i~inc ’tu s . Thc- h~~gh—s p ee- c1 FIrS 1 5 - s b  h ydro fo i l  I a~n ci: Iie s ; ,
the ti-so--man bI FOIL 2 and t ime f o u r / f i v e — - i- ’ :u: -u K~1h CdAl , J~L SKI T ’P R , have re—
ceiv:’cI -s-c-n: -iderab]e ac-cc-pt s’r-ce. The U. S. Launch !!Y! :ñ ~L~RTNE 2~- (Fig. 33)
is used for c - s : ccc r e : c - i :  and nae - cznt gc- r service . The Supra:ce r C C ; ; p C C V devel-
oped the four—:s:sn s-; ort 5 1 au: a-h ST—I anti t i r e  j~a t roi  i :ont  PT - 3. Canada
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is  g: , ‘ c h t : -  1’ i - s p u r t s ;  l a u n c h e s  wi t i t  gI a c - a— f i b e r  h u l l s  capable of speeds of
35 line’ c ; , t !~~ - csr ; s- -- e , - - u i i  I — A , t he  I c-so — re i n  P — A  and 2—11 /22/, and t h e  t h r e e —
6—A \-:!--i ; :~ P1 - I ~l p  (l’ i p .  14) - The seago1c ;~ buses  I I I F — 3  (15 passengers)
( F ip .  I ’ )  c u d  i h i — - SI~— 30 (11 ~u :~: : rengc-r s)  c : r c i  used In  Japan for  in t e r — i s l an d
se t -v  cc- - c h ; ~- Soy [c-b —bu l l  C - - i - i i r e  ion I s; such  \ ‘OLCA b ias won gre i t pol)u i ar i  t y  

—

t h i , i~i~- ’ ;out  th c -  w on ]  d , and C h i c -  PPVF -A l iy dr o Io i  is wi I] . gain wide acceptance
i~fl t h a -  a-or: l i sp  v - ; ,r s

In con c lu cUi -~ t h i s  sur ’.’c- y of the  put ’s - a - c i t  s t a te  of the  art and trends
in t i ; e  d i - v c ] o ; c . . - a t  of  h y d r o f o i ] n , specia l  note mw ;t he made of the r u l e
of Snvi  c-t c ’- i ”- ’ ii d- r s c in ch- v~ I o p l n c ;  t I c  n kind of vote r  t r an spo r t  and c-sh e
h ave h u h  i t  arc C i u t i  re fleet o .  hy d r o f o i l  s of the i re : ;t  d ive rse k inds  - Pres—
e nt ly  ‘.so ; k irs c:u - I , - e : - :~v in the  d e v e ] o p r v n t  of c on s i d er  ably mores itt-proved
h y dr - d oi l s .  T1; i r  - c -sukea - p ir;g c2~:[lit ic-:: w i l l  be ispr ova - ti by u s i n g  foil
s-- st  -~c ‘c ‘-c Ic  autci ;~ :t i _ ca]  lv c on t r o l l e d  f laps  and foi l  v e n t i l a t i o n . H ydre —
foi l  S~~ ’;cs ’ i  shr,uld be ln crsa : ;c -d b y f u r t h i c  r ircpr ov cuc:c-n t of the foils super—
c a vi t at i :u g  p1 a- f i l c a  - In 11cc ’ fu t u r e , as the d i sp lacer - sen t  and speed increase ,
the ~~~~~~ use of gee turb ine s on by d r o f o i l s  twist he expec t ed  - Diesels wi l l
r c ra ia  on l y on i s  I : :1i\- :l y cr -ca ll  ~~~ slow hy dr o f o i l s  - 

- New I ip 1 u t  s t r u c t u r al
ma te r i — :l .u  w i l l  be devc l op a - d  t h a t  u i l  1 possess impr oved ph y s i cal  and chemical
ch;ares cstc- r isI ics , inn ud ing  hi gh er  strength stainless steels , reinforced
gla - issa -  f -H a - i , and carbon fiber 1:-ased m at e r i c i ] s .  Even now the technical
and a-cer ;csmi c pr cra-cp i :i s i te s  e~~L n t  for  the d c v a - l o p a s e u i t  of hy d ro fo i l s  havin g
a disp l ac em e n t  of not  less than  1000 t that will operate on 1000--i-c l o n g
lin e  at speeds o~ 50—6 0 P o nt - - 

- in a dd i t i o n  to  the  dcc ’cslopmc-nt of new
seagoing I - ~dr o f e J 1  cc .  s ma l l e r  hy d ro fo i l s  f o r  excu r s ions , sp or t s , harbor
i~ork , d u G  other  sa-r ~cicc-S will  be improved.
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