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) }P I ‘Jt/ ~CU ~~ FAST HYJ ~POFOILS

V .  ~~~~ P~a~~che ty zapa~ ov to ; ] i v ~ i d~.1 ‘no~~t i  r i l a v n n i y o  byst : rok —
l ’ ~ r ; p ~ ~u~ ov n~ p oL v~ dI1~~~ k r v l  ‘vakh  , No . 2 , 1964 ,
pp. 12— 1’~ ; Pu~~5i~m J

~~ In the case of a ~‘iv ~ n ~i~~eed for  a . .h i n  undi r dcsi~~~, the  fuel  supply

rc~~u i r e P  is~~ t~~r ~~~~~ by the d~~~t an c e  n vi; t t ~~d ( 1  c ru i se  d u r a t i o n  and

the ~v~~i r J  : f u  I c~ nn ~~ .;~t ion . t’soa l 1 , ir .  t~ p 1annin ~ s tage i t  is as—

SU:rL d that f u 1  ~~~~~ p t i on  i ;  proport  ~~~~~ to enp ii~~ po~~er~

~ O. ly  fu  1 cortsu ;:~~:ion of F i i i .  ~~~~~~ . , ~~~ ton ~.r turb eprop , is examined.

w1ier~ C1 i~ the f t ~~1 ~~~~~~ ( t) ; g~, is ~~~~ consu~:pt ~~r:~ ( kg/ hj rh r ) ; N is

• main 2~~p i r c  ~~~;:pT (h p) ; L i~ r~~n~~e ( ‘— i I t ~~~~~~ ; v~ is ~~ i p  ~p~ ed ( k n o t s ) .

A f t e r  exprev ;ing  t U e  rLq ~~ire d  ~~~~~~ :n  t~~rr~; o~~ dr ~~ and speed and

th en  I ~~r ~~ of tUe  c rr r c~::~ : f n ~ p. IT .~ ~ of ~~te fui~ ~y~~t or .  we can

obtain -
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w h e r k  C is the  shi p uci ght or d I sp 1 n c e l r r !l t ( t o n s )  ; c~. and c •~ arc- t l i t -

c o e f fi i o n t s  of l i f t  and d r a g ;  r~ is the propuls ive  e f f i ci e n c y .

L c c ~~u . ;e of r h c  h i gh powur r equ i r emen t s  compared wi th convent ional

shi ps , la r~;e f u e l  supp lies reach ing  in some cases 30— 35% of shi p weigh t

are c ha r a c t u r i s t i c  of fast hydro foils.2 As the cruise progresses , the

2 Transac t ions  of the  SocIe ty  of Naval A r c h i t e c t s  and Mar ine  Eng ineers ,

1959 , vol. 67 , pp.  686- 714 .

required power and speed change considerably when coi~ipared with shi ps

with full supplies.

Consequently , the total value of ship range is detenn.ined as follows :3

Here and later onl y the technical ship range Is ~x~~ined without

• 
. taking into account the navigational fuel supply which is established

by special requirements put on the ship and can amount to 5—107. and

• more of total fuel supply.

C
C 146 c~~, dG
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Dependin g  on thc  kind of po~ cr p lan t control , tvo cases are poss ible

when inte~ ratiu~ this exrnressio~ .

• 1. At each ~~~~ t i r e  mosient fte l~r of t l~ pr~~ .oi lc-rs ie U e i L

cquai • t e the th~. u ;t n~ ed d to ‘-e r the  ePi p r i  a gi V t l  r c ’n st a nt  epoed

t h e  .:~ red pee~ I P CIt~~ ~~r- ’  ‘~ U t hr ’ c e  n r~ C t thE ’ CTU ’.S( (1W’ ~o the
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1~ 6reduced  shi p ~• ‘e1 h i  . in t h t I ~ cn e e  the lii1c~ i~ciid x ~~~~- ‘~ can be con—
g c

~
side red  i n d ep e n d e n t  of C.

2.  The p c . ~’er d e l iv ~ r € d  to the j r op e l l er ~ Is cons tant  t h r o u g h o u t  the

c ru i s e .  Sh ip  speed in c r e a s e s  because  of reduced wei ght .

The In t eg ran d in th i s  case Is a f un c t i o n  of C , s ince  the  f a c t o r  -~~~~

cx
changes as rpc ed  changcs .

I 61D Ci~ ~Jf (
~5 (

~ 0.13 113 ~~~~~

Fig. 1. Value ~ as a function of fue l fraction of ship weight.

In thc first case the ship range given specific fuel supplies is ob—

taincd as equal to

• L = !~~ .S~K 
~i 1n --~~-.-.- (3)Cr c~

The r e s u l ts  of co~ pa r ing  shi p ri~nge s  as de tern ined  by eq ual i t i es

(2) and (3) er e shr ~ rr. rc Fi ~~~. I • Value L is obtained by tcrm-~,ise ( L I V 1—

s i a n  u f  e q e : c l i ty  (3) b y ( P)

h.s ii ~~~. i , ~~~~~r. = -
~~

—- > 0. i~~— o : ‘( , ~ he  ,~c—I :nel ~ eP i p ran •. (3)

sub st -n nt  3:. l iv  ( x r i c d s  (b\ ’  1 2 —l5 ~ ; ci d  re)  t1~~ ~- o r i d i t T  i c n n ] . ran~;r’ (2 )

I f  in  t h e  p 1 ; n n i n ; ,  n f  a n ~~~~~~ ~. 
s .. .n .. .~~~, tL~ n t h c
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G , (4)

io what e x t  e t  t he  a c t u a l  necessary  f u e l  supp l y d i f f e r s  from that

o b t a in e d  be c a l c u l a t i o n s  u~~~t ig  formu] .a  ( 1) can be found us ing the graph

of F ig .  2 comp i l e d  on the basis of the equa l i ty

(5)

The lat ter ~.as obtained b y term—wi se division of modified equal ities

(4) and (1). r
~r~~~çj r rfl

- - ~~~~ I *

LL. LLL . 1
t.~D Ci 3  (e~ t~ 1~ C~3 ~

Fig. 2.  
- Val”e CT as a function of parameter x.

It is known t h a t  the  v a l u e  x on f a - ~t h iy d r o f o i l s  can reach 0 .30—0 . 35

and p o r e . In tI l” case the a c t u a l  n c c c e s n r y  fue l  su ~ p1 ies w i l l  be 20—2 57

less t h a n  those calcula ted using rel.at: ionsh t p (l~

In the  case wherc the 1~~’- . c r  dn l i vt  r ed  t o  t h e  p r opel ]  re  is constant

t hr o u ch n u t  t h e e~~t i r e , the sj’c i i i )  n~~r e r i s e  as t h e  ~L i  ~~

wei~ ht d L r r ~- : e r-e , uP l i i  t h e  eni  of fe! or --
~~ 

T~ en t t r ~ n;’ t ‘e~ e, innd
cx

for L viii con • n di  n c - i  v Pee

T u e  sh ip ’s enr ~ .c nn i’ f~~~ct ion of f e ~’i p 1 ~. ‘i: ~n tU u s cni :c :i s
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s;~~c d  of 50 1 n et s , and en g~ n -  p~~:er of about  I C  , (~P0 h p.

Fig.  3 shows how as :.hi p weIgh t decreases (due to fuel consumpt ;ion)

C
thr  speed increases  and iPe factor —’- ii drops according ly. A ccording to

FI g. 3
S

• 
= f(C) 0.015C + 2.05.

Then the express ion  fo r  d e t e r m i n i n g  the shi p ’s range tehes the form

L ’~-~ J ~~~~~~~~~~~~~~~~gr cz ~

2.19 3:0 C 
-

—- G - In — - -  - -— . (6)
~~

The resul ts of calculations ba~c’d on formulas (2) , (3), and (6) have

showr-c that the greatest ship range is obtained in the case where at each

given tine moment the thrust of the propellers is kept equal to the thrus t

req ui red to move the shi p ~t a given constant sp~-e d .

(1~çLt

- N.. J i -t~~~ i ,i~ 
— .

• r ~~ r r r ~~1 ~

~~~~

5~t —--i-
~~~~

-\~
—-

- I T H T
Fi g. 3. Speed and fac tor ~~ ~ as function of shIt wei gh t .

- - cx

An -~ t . r’ fo i ’~ r~~~u lt ~ ar c  e l I  a i n e d  for h y d r o f o i l  u s i n g  t . u r ~’u l  t or t

fan up ~.neo . 
*

te l col  P ions of sh~~p ra rp .es and l i e - i  su p p l i e s  ~~~~ eh i  e t o  th i i ~ cnsc-

or . ~- _ r f o r . d  , e i i ~’. L l e  1~~~~ 1 ; i
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1:.

, G , (8

whie re
I!i Lx = — . . -- -- .

V a i u . - r  o~ L and C.~ c an be obtained using the graph s in ri gs. i. and 2.

Conclus ion- :

Taki:- ;; i n to  accouut. the changc- in hydrofoil weight during the course
- 

CTof a crui st: , the r e ~~i can he increased 20—257 when ~~~
— = 0.30—0.35 (or

fuel  supp l i e s  cor rcspe-e i ingly  decrease 2 -0— 2 52  given a fixed range).

The greatest :  range given ~p e c i fi .c fuel supp lies on hydr ofoi ls  can be

achieved  in the case wh en at each given t ime moment the t h ru st  of the

propellere (in the CO’~i of turho-et engines —— engine thrust) is equal to

the thrus t reqnirc d to i-~ove the shi p a~ a constant speed.

From the editonia?. office : Questions relatei~ to desigcii.pg fast hydrc-foils

itre curren tly drawing great attention . The editorial offi ce proposes in

the nczt  is~ uc to pr int  an ar ticle by V. Yu. Til-:hoplav which was suh:--iE ted

at the sa~- .~ tir ’ as the article by en~zineer V. iL Pashin also dealin g

wi th S~ cn i e ]  r r o h i c e -~ in d c ni ~~iin  t iu-r - r shi p~r t ak ing  into account thc ir

d ’ : i ’~ i : e ~~n c- v _ i  -ht ru. f i r ’)  is consu- ui.
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