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                        A  Study on  the Bilge Keels

                        (Pnrt 2. Full Sized Model  Experiment)

                                  By  Norio  Tanaka,  Membera'

                                 and  Hiroshi Kitamura, Member-

                                        Abstract

  In the present  paper  an  empirical  formula(1)  for the fin resistance  is Dbtained  after  analysing  the

Tesults  of  the rolling  experiments  on  the  aetion  of  a  iull-sized bilge plate. And  a  method  oi  approx-

imate  calculaticn  of  the rolling  resistance  to actual  ships  by  the  bilge keels is found by  adcting  the
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                                    1. Introduction

  There  are  only  a  few  experimental  studies  about  rolling  for actual  ships  on  the  action  oi  the bilge
lkeels (hereafter, to be shortened  B. K.) and  they  are  found only  in the  papers  by  Whitei), ooeaT2)

 and  GawnS> and  others.In  recent  years, considerably  wide  experiments  of  B. K. of  actual'  shiPs  were

carried  out  by  the  17th  Research  Comrnittee of  the Shipbuilding  Research Associatien of  Japan. The

authers  engaged  themselves  in experimental  studies  on  the  action  of  B. K. with  reference  to the

two  dimensional mode!  ships  and  a  full-sized cylinder  model.  The  former  study  was  already  published
in the  first reporti>  and  in the  present paper the  latter experiment  is to be reported.  A  method  of

approximate  estimation  of  the  rolling  resistance  by B.K.  to actual  ships  is devised  from this  experi-

rmental
 
result,

 
and

 
its

 
applications

 
to
 
actual

 
ships

 
are

 
shown.

                                   2. Experiment

. It was  feund  by the  two  dimensional  moclel  experiments  that  the  work  done  Av  due  to the  fin

resistance  is almost  independent  ef the radius  ef

bilge circle  R**, the draft d and  the  aspect  ra-

tio of  B. K., so  in the iull-sized model  experiment

a  cylindrical  surface  is used  as  a  model  as  shown

in Fjg.1.The  forces acting  .on the forced arm

C. R. are  measured  with  or  without  B.K. in the

foreed rolling  about  the  center  of the  cylindrical

surface,  and  the  fin resistance,  hence  Ar, is

obtained  from  the difference between  those

fDrces.

  The  rolling  experiments  are  carried  out  by

changing  the  width  of B.K. b(O.30,O.212,O.  105 Fig. 1

rn), the relling  period  T  (7,10, 13sec.) ancl  the  amplitude  eo (17.3, 10.8, 7.85deg.) one  another.

while  the  length  of B.K. I(=2.89m)  is constant  (the width  of  tank  being 2.95m).
'
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  The  followlng empirical  formula  ls obtained  as-  the result  of  the experSrnents  of  the fin resistance.

                 Ar=O,384bleo2'5Tmi'Gr2'e, (m,kg,sec,deg; units,) (1)
where,  r  shews  the average  distance･ from  the  rolling  akis  to the  center  of  B. K.

  Therefore,  it is found  that  Av

   i) is propQrtional to an  area  of  the  bilge plateL and

  iD  is also  proportienal to the 1,6th  power  of  the  absolute  velocity  of  the  bilge plate.

Here,  the  wave  making  resistance  due  to the  bilge plate is fqund to be no  more  than  several  per-

cent  ef  the fin resistance,  (By using  the'  measured  wave-height,  the wave  making  resistance  is

calculated,  ass}ming  the  wave  te be long  enough.)

                       3. ･ Applieatien te Actual Ships

  (1) It is a'ssum'ed  that  A  whi'ch  is the  werk  do'ne during  a  single  swing  itgain'st the r'eslstance  by

B.K.  vo an  actual  shlp  
'is

 get  from  the  sum  of  the  Ai  calculated  by  the'f'otmula  (1) at!a  tlie As             '
'
 

'･
 
''

 
'estimated

 by  the same  method  as  in the  case  of the  ni6tfel shipi  Th)ete may  be

             many  unsolved  problems  to apply  these  Ay  and  Ag,which  are  both  the  resistances:

 G for the  two  dimensional  s.hip,  to an  actual  three  dimensional  ship,  but here, for
  ti

             the present,  what  is called  the  strip  method  is adoptecl.  When  the  straight  line

  
.
 e.k. that  joins the  rolling  axis  G  and  the  center  of  B,K.  makes  an  angle  ct with  the

             surface  of  the  bilge plate as  shown  in Fig, 2, A)  is hssumed to be given  by
     Fig, 2
                  nv  ==  O. 384 bleu2'5Tri'fir2'6cos st. (2)

 Now,  As  !s calculated  on  the  assuinptien  given  in the  first repert.  The  value  of  Aso is gi"en  as  a

 function of  the sectional  area  ceeMeient  C, the half breadth B12and the draft d in F'igs.3-v5, (The
 stiips  used  in the  above  calculation  have ne  rise  of  fioor.)

 where,

                  As=(Asolrb) × Ar  

'
 (3)J

                  C =sectional  area  coerncient=sectional  arealBd,  OG=d-KC.
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                                       And  according  as  OG  increases Ag"1(BfZ.)2 de-

                                       creases  linearly when  (B12)ld is constant.

                                         (2) Exampl'es
       I 2 3
                                         The  decrement  of  roll  per swing  due  to B.K.

                %/d 
only

 is ealeulated  by  the above-mentioned  methad

                  Fig.5  . for actual  ships,  and  when  it is compared  with

experiments  for acttia!  ships  the results  will  be such  as  shovorn  in Figs. 6N9. The  prineipal  itemslof

actual  ships  are  shown  in the Table.  Fig.6  is for the  
"Revenge"

 and  Fig.7 for the 
"Oregon."

 Perfect

body  plans of  these ships  can  net  be  found, and  the  midship  sectien  oi
                                                                         "

the
 

"Revenge"

 
and

 
the

 
seetions

 
at
 

the
 

midship
 
and

 
the

 
end

 
of
 
B.K.

 
"
 ovegon

fer the  
"Oregon"

 are  given in the literatures 1) and  2), so  the  other

sections  are  estimated  appropriately  from the  ship  of  the  same  type.  In

                                                        i･o ::.:r:-..E'.?:rjM,k7!ftt.the same  way  the  value  of  KC  of  both ships  is estimated,  but it exetts                                                                          '

                                                         I:6 rdAege) 
.,,,.et.s

 

'

little inffuence upen  the  A?.  (the effective  radius  r  is given).  Fig. 8

and  9 show  the  results  of  the  ships  on  which  the rolling  experiments

are  carried  out  by  the  17th  Research  Committee  of  the  Shipbuilding

Research  Associatien of  Japan. Fig.8is  for the  23M  typed  patrol boats ･2 bStebP

and  Fig. 9 for the  800 G. T. typed  passenger  ship.  Experiments are  made

                                                         o 2 4 6
with  two  kinds ef  B.K.  for the  latter and  never  conducted  without

                                                                  e.(deg)B.K. Therefore, the  residuals  for the  two  kfnds of  B. K.  obtained  by
                                                               Fig. 7
subtracting  the  calculated  de  due  to B. K. only  fromthe experimental

de  due te total resistance  are  compared  with  other.

 The  calculated  values  agree  fairly with  the experirnental  results  for the"Revenge"  and  the  
"Oregon"

                                    Table

ofr..o.td'o
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Name  efShip
il
 L(m)1  d.(.)

lightco=d.
Revengedeepcend. 11'5,S2

7.93S.52

1 GM(m)  t

Oregon Eio6.o7 17.07

1.0021,1"

5
PatrolBoat

rF
22.oo

1.3stL2n

PassengerNew
 B.K.

Old  B.K.
57.oo

2.412.48

Vlr(ton)13,37014,6ooT(sec)16.eo15.

 50

bxl(m2)

54,35

o.914 I
1.218L398

L130Z.068

9,7so ils.66 I38.5
56.9052.43

597.15se.O

3,503.60

7,35Tss

e,sox6.eo

O.65xZ5.8

O.35x23.4
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as  shown  in Figs.6  &  7 in these examples.

  In Fig.9,

  curve  e;  experimental  Ae  due  to total  resistance,  new  B. K.

        @  ; calcu!ated  de  due te B.K. only,  new  B. K.
'
 @;  experimental  de  due  to total  resistance,  old  B.K.

        @;  calctilated  de  due  to B,K.  only,  old  B,K.

        @;  O-@,  T==7.86sec.(meclified)

        @;  @-@,  T==7.86sec.

  When  the curves  @  and  @  are  compared  with  each  other  in this

it is found that the calculated  values  are appropriate.  Theugh

23 M-typed  patrol boat upon  B. K. must  be considered,  and

come  dewn  a  little lower in Fig.8, it can  be said  that the

calculation  for these kind of  ships  is almost  satisfactory.

                             4. ClosingRemarks

  A  method  of  approximate  calculation  of  the  rolling  resistance

found  after  analysing  the experimental  results  on  the action  of  a

this  rnethod  to actual  ships  they  succeeded  in getting  near  to

  But the relatien  between the  ship  form  and  the  rolling  

'

rnore  detailed study  when  this  method  is applied  to actual  ships

  The  authors  wish  to express  their heartfelt thanks  tD Prof.
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                                   Appendix

  In the prevleus  paper  it is reperted  that Ar  has almest  no

R, but more.  experiments  concerning  this  preblem  must  be adcled

method  as  reperted  in the  Part1  (See Part  1, Fig. 3) under  the

period  T==2sec,  and  b==3cm  for four model  ships  as  shown  in

Figl9e.

 C des)

    figure, whichisforpassenger  ship,

   the  infiuence of  the  bar  keel of  the

accordingly  the  calculated  curves  rnay

above-mentioned  rnethod  of  approximate

    by  the  bilge keels to actual  ships  is

    full-sized bilge plate,  and  applying

   the antieipated  result.

resistance  en  the actien  of  B.K.. and  tlte

    will  be  reperted  later.

  T. Hishida for his helfoful suggestion.

First-Class Battleships" TINA  1895,

   U.S.S.  OregDn" TSNAME  1898,

Models in Still Water" TINA  1940,

(Part1. Two  Dimensional  Model  Exper-

   1957.

re!atien  with  the  radius  of  bilge circle

   here. A"  is obtained  by the same

 condition  thatris  constnt,  the rolling

   Fig.10. The  fin resistance  becomes
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