
National Maritime Research Institute

NII-Electronic Library Service

NationalMaritime  Research  Institute

  15ih  Ill[L"i:li)..'･1･,1,TIO[{,',L TO'JJI2･,IG TItl{1･< COI･l･F,//;'R]SI･les a972

  ;･ti･l.,)OI･IT O)" 1･)ltOl)ELI･,EII COI,:1,1]'Trli:E

  `'ta'r'yl':LOIX  S

  PLIe})1･S･iLmeR BL,}IAVIOUR UI"DER OPIi]RATIONAL CONDITIONS

  by KoicluL KoJruma  and  Tatsuo  Ito

     (3hip Re3earch  Instilltute)

  itJli]RODU C;I) ION  ,                         '

  The  study  of  marine  screyt  propellers  is usuaa.ly  based  on  the study  of

  the propeller  all.one  in  t'ne absence  of  the hull  and  aippendageso  Experiment･-

  ally  the  study  has  been  performed  by rneans  of  open  viater  propeller  testsp

  vJh1.le  theoretically  it has  been  developed  by  means  of  the  lifting  Zine

  theory  and,  recently,  lifting  surface  theory  yihtch  is more  suita"nle  for

  marine  screws  vvith  wide  blades.

  The screvr  propeller  is  installed  behLnd  a  huU  together  wa' t)h the rudder

  and,  therefore,  it wovks  in the  cornplex  wake  flovr field. ]i;oreoveT, the

  shlp  is operated  in  seax"ray  aiTxi  manoeuvred  in  haxbour.  Consequently,

  the  following  item$  are  of  great  importanee  for the  hydrodynamic

  problems of  propeller;  (a) propu].sive efficiency,  (b) cavitation,

  (e) vibrator:y  forces and  rnoments,  (d) behaviour  in  seavvay,  (e) propeller･-

  rudder  interaction,  and  (f) stopping  ability.

  dmong theBe  items, this  appendix  dea].s with  the  state-of-the-art  of
                                            '

  propellerlr'Lictaer interaetion  and  the  use  of  a  prope-.er  in  stopping.

  IJItOPELZMI!lalDI)En ]iNTItLTRACZ)XON

  Tha  problem  of  the  un3teady  hydro{lynainic in`uer£ erence  betwe,en  a  propeller

  and  a  ruddeb,  vinen  both  lifting  surfaces  are  located  in  the  wako  of  a

  hull,  is of  conBtdera:ble  interest  to  naval  architeets  since  it is direetly

  connected  with  the  rnanoeuvring  of  a  ship  and  v7ith  its  propulsive
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     e:"fi.e,Lency.  FuTthermore,  an  adequate  estimate  of  the  vibratorv  loadin6's

     on  propeller  blades  arri rudder  is essentia[L  information  for  the  study  of

     huU  vibration,  etc.

     ti]he early  stuCties  of  the rnutuaL  interaction  bebween  propeller  and  ru(lder

     were  based  on  propeUers  and  rudcl'ers  des ±gned  to  operate  in  isolati'on.

     This  lvork  was  aimed  at  improving  propulsive  effieiency.  In  the  design

     of  a  x,udder,  however,  the influence  of  the  propeller  cannot  be  ignored.

     Therefere)  manT  studies  (1-t+.) have  dealt  vtith  the  charaeteristics  of  a

     rudder  in  the slipstream  of  a  propeUer.  On  the other  hand, however)

     there  are  few studies  (5-9) dea[1.ing with  the propeller  placed  before  a

     r'udder  throm a  viewpoint  of  prope)ler  design. This  is  because  it  is

     usual].y  assumed  that  the influence  of  the rvader  on  .the flow  field  of  a

     propeUer  ean  be ignored.

     Isay (10) studied  the mutua].  interaction  theoreticaliy  using  the  assump-

     tions  that,  the nurnber  of  propel)er  blades  was  inf'inite,  and  the  rudder

     had no  thiekness. He soived  the  ±ntegraL  equation  re:ating  rudder

     circulation  and  upwash  on  the  sur £ aee  of  a  rudder  behind  a  propeXler  with

     infinite  number  of  blades. Then  he estimated  the effeets  of  the  presence

     of  the r'udder  cirou)alion  on  the  propeller  circu].ation.  He found two

     effects.  The first one  is  the  eircumferentiaL  vaniation  of  propeller

      circulation.  Though  the variation  is.very  smalZ  at  zero  heZm  angle,  it

      eannot  be ignored  at  Zarge  helm  angles.  The  second  one  is the  srnaLl

      reduction  of  mean  values  of  the  propeller  eiraulation  at  each  redius)

      though  the  reduet ±on  near  the  hub  is Ternarkahle.  At  zero  helm  snEILe,  the

      thruse  of  the  Tudder  is Zarger  than  the  thrust  re{luctiQn  of  propeller  due

      to  the  existence  of  the rudder.  So, the  total  thr'ust of  the  propeiler

      and  the  rudder  is  1arger  than  the  thrust  of  the  propeXler  alone. But
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 at  lar'ge hel]n angie,  the  totaX  thrust  be ¢ omes  less  than  the  thrus"b of

 the  prope11er  a[Lone.

 Zt has been shown  by  lsay,  therefoTet  that  neglecting  the influence  of

 a  ivdder  at  zero  helrn on  propeller  perforinance  is justifiea.

 Nakanishi, et  aa. (11,12) studied  the  mutual  interaotion  between  a  rudder

 vvith  thiekness  and  a  propeller  with  an  infinLte  number  of  bXades. They

 solved  the  problern using  a  set  of  simultaneous  eguations  and  boundary

 conditions  at  both  propeller  and  r.udder  by  means  of  an  iteration

 procedure.  They  found that  the  mueua[L  interaation  between  a  propeller

 and  a  thin  r'udder  at  zero  helm  angle  couta  be  ignored, and  that the

 
mutual

 ±nteraction  was  mainly  due to  the  thiekness of  the  rudder.  They

 aLso  found that  with  a  redueing  axiaa.  distanee  between  the  propeller  and

 a  thick  rvdder  the  propeller  thrust and  the  rudder  dvag increased  and

 that  the thrust  is 1arger  than  the  drag.

 Brunstein  (G3) studied  the muiual.  interactien  between a  propeXler vvith  a

 finite  number  of  biedes  and  a  thick  rudder.  The propeller,  working  in

 the  wake  ofahull,  vvas  trKea:ted by  means  of  unsteaxBy  lifting  surface  theory.

 
'The

 rudder  in the propelZer  slipstream  was  treated  1ry means  of  the steady

 method.  CaLculations based  on  a  prope11er  with  a  simplified  forrrn, gave

 
the

 foilovving  vesults.  The  imst  ot  athiek  rudder  behind  apropeller

 was  a  few  per  cent  o £  the  propeller  thx'ust at  zero  helm angle,  ivhile  it

 becaue  srna[Ller  or  negative  at IE[rge helm  ar)gle.  With  a  thin  rudder  the

 propeller thrust  deereased at zerx)  helm  angie  and  it  decreased  remarkably

 
at

 
large

 rudder  helm.  However,  ivith  a  rudder  of  eonventional  thickness)

 the  propeUer  thrust  increased.
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    tt";;,E/r.onas,et a[L, <a4), studiea  the  propeller-rudcler  intera ¢ tion  problem

    by  muans  of  the  unt"teady-lil'ting  3urface  theor:y. They  carried  
out

 
a

    co;nprehensive,  investigation,  treating  realistic  flow  conditions  
and

    aecura+;e  geometx:y of  lifting  3urfaces.  Their  nurnericaL  solution

    previded  means  for a  systematic  study  of  the  effects  of  a[Ll para[fieters,

     such  as  nuirioer  of  blede3,  geometry  of  the lifting surfaeess  axia3.

     clearance,  and  xvake  flow.  From  the small  number  of  calculations

     performed  it was  seen  that  the  mean  thrust and  torque  were  not  
affected

     by the  presenoe  of  the  r'udder,  in  oontraGt  to the  corresponding

     vibratory  components  and  to the  steaslcbr  an(1  unsteady  transver3e  forces

     and  mornents.  The aJciaL  ciearance  played  an  important  role  in  evaluat-

     ing  both stea(1y  and  unsteady  hydrodbrnandc  £ oroes  and  moments  on  bo£ h

     lifting  surfaces.

     There  are  cases  where  the  unsteedy  xudderstock  mornent  is  of  the  same

     order  or  larger  than  the  steady-state  Enoment,  and  naglect  of  this

     time-depenclerrt component  will  lead to erroneous  cQnc].usions.

     Mheir study  provides  a  clear  understanding  of  the  nature  of  the

     interaction  effeets  and  more  in £ ormation,of  practical  interest  fer

     design  of  huU･-propeUer-rudder  cenfigurations  than  do the  methods

      eurrently  used.  For  greater  preeision  in eseimating  the  magnitudes  
of

      the  interaction  effects  it  is suggested  that  this study  be eomplemented

      by  a  6tudy  of  the  effeets  of  th1:bkness  of  both  lifting  surfaces.

      Lindgren  (a5) eaxried  out  experiments  on  the effects  of  the presepce of

      the  rvuader  as  weZl  as  tlte effeets  of  propeL]er  position  and  elearance

      on  the  propulsive ehaxacteristics.  Open  water  prope11er 
tests

 
were

      carried
 out  in the  normal  manneT  (ndthout a  rnadder)  and  aiso  in

      eonjunetion  vvith  rudders  of  different  thieknesses.  The  imporrl ance  
of,,Vhe
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ruader

 
'.'hieknes3

 in reXation  to  the prQpulsive  char'actenistics  of  single

 scre;v  ships  was  observed.

L5tveit  (16) made  some  investigations  to clarify  the  aetion  of  a  r'udder

working  in the  propeller sli'pstream  of  a  single.screw  ship.  Ih this work

he  measuTed  the  pressure  distribution  oveT  the  sur' £ aee  of  a  xudder  pZaced

in  the slipstream  pf  a  propeller  on  a  model  of  a  tanker. Frorn the

pressure distribubions  obtained  the  fZow  fieid behind the  propeller can  be

visualised,

Lewis  (17) studied  propeller vibration  £ orces  in  single-screw  Bhips  and

found  t}]at the rudder  elearance  was  a  very  eritieaL  factor.  He  alLso  £ Qund

that  a  low  transverse  force level  could  be obtained  vvith  the comrect

positioning  ef  the rudder.

T}E  USE OF F[ROEIELLhll IN STOPP]NG

The studor  on  the  stopping  ahilities  of  ships  was  carried  out  vex:y･  e,arZy

(48). Reeently,  the  very  rapid  increase in  the  size  of  tankers,

accornpanied
 by  a  slgnificant  decrease  in the  ratio  of  installed  powev

per  unit  of  displacement, has emphasised  the  need  to examine  the  stopping

ability  of  this type of  ship.

The phenomena  o £  stopping  rnanoeuvres  are  so  complicated  that the  problem

must  be simpiified  for the  purpose of  estimating  the  stopping  ahility.

There are  marly  methods  for estimating  stopping  distance  by  solving  the

differenti.aZ  equation  on  the  proper assumptiens  (t9-25). Following  example

is  the  methed  by Clarke  and  Weliman  (2S),

To caLculate  the stopping  distanee of  a  ship,  it is neoessary  to solve

the  foiZowing  differentiaJ  equation;
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                     A (d+ki) dv
                     

-'-"--g---

 a･ { 
=
 
hT(n,V)-R(v)

  where

                     A : Shi'p displaeernent  t : ti me

                     ka: Added mass  coefficient  T : Propeller  
thr.ust

                     g : Acculcraelon  due to R  : Hull  resistance

                         grewity

                     V:Ship  speed  n:  PropeUer  speed  of  rotation

   To  soive  thLs a  number  of  assumptions  have  been  made.  These are  justified by

   ayai1elble  experirr)ental  evidence.

                            b

        ,(a) The  hull resistance  is  proportionaL  to the square  of  
the

 
ship

              speed

         (b) The  prope:)er thx'ust ahanges  linearly  fropi the  ahead  
value

 
to

              the  astern  value  during  the  time  taken  to reverse  the  shaft,  
and

              then  rernalns  constant  thmoughout the whole  stopping  manoeuvre.

              Vhe  asteTn  thxust  being  equal  to that  produeed  by  the  screw

              ruming  astern  with  the  ship  dead in  the water.

         (c) [Vhe engine  settings  remain  eenstant  and  the rudder  
is

 
held

               amidships  fonowing  the  astern  ortler)  unti1  the  ship  
beeomes

               dead  in the  water.

          (d) The  ship  remalns  on  its  erigina[L  course  throughout  
the

 
stopping

               rnanoeuvre.

          (e) The longitudinaL  added  mass  eoefficienrt  is assuined
 
to

 
be

               eenstant  throughouV  the  stopping  manoeuvre.

    Results  ef  a  nxiniber of  stopping  tria[Ls of  ship  hexe been published (24"52).

     There  ares  however,  fevv resuLts  on  the effeets  ef  shallow  water  (52).

     The track of  the ship  during the  stopping  manQeuvre  is completeiy  erraeic

     and  the  traek  cannot  be  predieted  (55). For  the  purpose of  
complementing
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ehe  in £ ennatien  from  the  seatria[l.ss  model  tests  in  the  tovring' tank

(28, j5L-, S52' hEwe been ecarcied  out  and  they  provide  qua[Litative resul.ts.

Mhe  quantitative  eerrelation  between  the model  and  che  full  scale･  is ntit

sa'"isfacVQry  s?hen  the quasi-stationary  appreach  (5S) is used.  Fer  the

purpose  of  imprQving  the  stopping  abiZity  from  a  viewpoint  of  safcty,

the uepe  of  may  auxiliary  devices to redwce  the stopping  distatzce of  a

ship  us  well  as  of  propeller is  exantned  (2S, 28,  56, 37}.

The  propeller produ.ees a  reverse  thrust during a  ship  stopping  manoeuvre.

For the  effeetive  use  of  the propeXler  it  is desirable  to  undlerstand  how

it works  durSng  the  stopping  maneeuvre.  rehe feliowigeg  explanations  are

given  in Ref  58.

-Fuli  scale  experiments  on  intermediate  tankers  showed  that ay  stepping

 maanoeuvre  may  be subCtivided  into  three  successive  periodis;                                                                 '

 "  a  first peried  beginning  with  iche order  
"fulk

 asterni'  and  ending

 vvhen  the astern  revo  lt;tiens reach  the regedred  rate,

 "  a  second  period  extending  uneU  thrust  and  torque  are  stal)ilized,

 ---a  third  peried  ¢ overing  the quasi-stationary  deerease  of  the speed

under  steadbr  asterm  povrer.
                      '

 During  the  first period, conditions  are  varoring  at  a  high  rate,  the

 prope11er  acts  lika a  piain  disc  of  equal  projected  areae  the  resistanoe

 of  whieh  is  onXy  a  smaU  part  of  che  whoXe  braking  fQrce. During  the

 secona  peviod, the prape].ler  effect  is reiativeiy  moreimportant  because

 the  o £ her braking  £ orces  are  strongly  decreasing, but  this  e £ fect is

 not  directLy  relatea  to the  propeller  speed  beoatise ofunsteady  ¢ on-

 ditions  in which  ventUation  anct vortiees  play  a  rnajor  roXe.  DLtring

 the  third  period,  che  propa] Ler works  in the usuaL  way  as  in model

 test  v;ith  sXew  ahead advance  ana  norma[L  astern  speed.  The braking
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    force on  the  hull  dne to

    following  expression;

               F =  o,oalt

    where  F is in  tonsi  D

    braeket  ref]er  to the

    bracket  refer  to the

    Values  of  the  faotor

    serew  itself  and  a

    number  of  bZades  and

    this faetor. Even  over

    ratio,  there  was  little

    From  this  rough  analysis

    design  is concerned)

    diameter, the other

    last  period  of  the

    among  ship  operators

    £ ul].  aheEul,  but  from

    becomes  the  longest toos

    deserves  attention.

    The  basis  of  the  mode]

     open-water  tests  of

     (59-40, tF8). The  test

     on  piteh-diameter  ratio

     lotLadee has  iittie  i

     for vaxious  values  of

     carried  out  extensive

      in

  propeller

  interactlon

   YKQ
survey

  shape

     a

     change,  in  thi  s

      it

  stopping

 psopeller

stopping

    that

  reducea

      and

    test

 prope11ers

    resuits

     and

nfluence

   advance

   experiments

the action  of  the  propeXler  is given  by  the

--,iy3-  PDb5  D2!i  ((i-t)rh)
   feet, 

and
 
Pb

 in hp. Mhe
 terms in the rtr3b

      alone  vvhereas  the  terms  in  the  secend

    
'
 between  the hull and  the propeller.

  V5
      depend  only  on  the  geometry  of  the

 of  avaLlahLe  open  waber  data  showed  that

  and  type  of  section  had  Mttle  influence  on

 practical  range  of  pitch  ratio  and  blade anrea

             factor.

   is eoncluded  that, as  far as  prepeller

     elbility  is  maLnly  dependent  on  serew

     data  being of  interest  only  during  the

   manoeuvre.  NQw  there  is  a  
･genera].

 feeling

   the  actual  problem  is  not  of  stopping  from

    Bpeed.  Then, the  last  perioa  of  the  manoeuvre

    the  baeking  quaLities of  tihe propeller

   en  the  Btopping  ability  ef  propellers  is the

      over  the entire  range  of  eperations

      show  that astern  thnust  is  dependent  mainly

   blade  area  ratio,  and  the  number  or  type  of

   (2S). The wake  ar;d  thrust  deduction  fraetions

     eoefficient  ruuse  be known.  Harva]d  has

         (415), the  results  of  vvhich  show  that  both
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 fractions  change  constderably  with  varying  advance  coefficient.  The

 vsriation
 is dependcnt  to sone  extent  on  vihether'  the  speed  or  rate  o £

 rotation  is kept  con3tant.  A great  part  of  the  variation  of  the

 fraetions  is due  to their  definitions.  In  most  of  the investigations

 dealing  w/Lth  the  hyclrodynamic  conditions  of  stopping  of  the  ship,  it is

 
assumed

 that  the  wake  arid  thivst  deduetion  fraetions are  constant  during

 the maneeuvre.  That  these assumptiens  are  not  cormeet  rna"r be seen  from

 Harvaa.d's investigation. Hovieverp it is possible  to deterrnine the  values

 in the .extreme  conditions  frem  the  values  of  the  fractions of  a  Ereely

 rLuuiing  ship.  Consequently  it is possible  to construct  a  complete

 manoeuvre  nomogram  for  preliminary  designs,  even  ifresultsofmodel  tests

 
are

 not  avaUable.  Head  reaeh  an(1  retardation  time can  be deterrnined  by

 graphic  integration.

A  quasi-stationa[r'y  appToach  (SS) is  an  attractive  model  test  technLque  for

 qualitative  conditions  of  the stopping  abilit:les  of  large shipse  Howevere

in  the preserrt state  o £  knowledge,  a  fair  correlation  bedyveen  modeZ  trials

and  sea  tnialS  has  not  yet  been  reaehed  (25). Hooft  ancl  van  Manen  haire

derivea  the  stopping  abilities  of  a  aOO,OOO  tons  d.w. tanker  eguipped  with

op£ ferent  propeller types  from model  tests  yiith  the  aid of  a  quasi-

 sta:tionary  method,  Feur propeller  types  haye been  examined  i.e. (a) a

conventionaL  serew  propeller- (b) a  screw  and  nozzle  system  (ducted
propeller')-  (e) a  centra-rotating  pTopeller systems  and  (d) a  controllable

pitch  prope11er. In  conclusion  it  hus  been  shown  that  the  non-convention--

a[L propeller,  espeeially  eontroUelble  pieeh  propePer  is superior  
'in

stopping  abilities.  RecentZy  the  superiority  of  the controllable  pltch

pvopeller  in  stepping  at)ilities  is  verified  also  in  a  seatrial  (47).
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     coNcrvb"Iorg

     We  finds  from the above  reyiew  that,  (a) the development  of  a  non-

      stationar  sr Zifting  surface  theory  to solve  the  interaetion  prablem

      betzveen the  propeiXer  with  a  findte nurnber  of bledes  having thickness

      and  the  r'udder  vgith  'bhiekness  is  needed,  and  (b) ±t is necessary  te

      eontinue  work  on  the  aorrelatipn  between  model  and  ship  stepping

      abnity.
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