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F"rther Model Experime.n, ts 
'of

 the Combined Effect of Aft-Body

      Forms and  Propelter Reyoluti6ns upofl the Propulsive

              
'
 Economy/.ef 

.Single-Screw
 Ships.

                             '

       By  Masao Yamagata, of the Teishinsho Ship Experiment  Tank,
                                           ,

                          Kbgakushi, Member.

                            rntroduction. 
'

   In general, the. under-water  formS of ships  are  determined without regard  to the

number  of revolutions  ef the propeller to be fitted, and  some  designers even  go so

far as  to determine them  only  from the resistance  point of view.  I believe, however,

in order  to obtain  the highest proptLlsive economy  of  single-screw  full-1ined ships,

the aft-body  forms should,  as a  matter  of  course,  be designed in conjunction  with

the propeller revolutions.

   In view  of  the Iack gf the informatign coneerning  sueh  a  combined  effect of aft-

body forms and  propeller revolutions  upon  the propulsive economy,  systematic  model

experiments  are  being conducted  at  the Teishinsho Ship Experiment  Tank  in Tokyo,

with  the ebject  of  obtaining  the inforination applicable  to about  120-metre  single-

screw  cargo  ships.  As the first report  of  this experimental  investigation, I presenteda

paper(O at  the summer  meeting  of  the Institution of  Naval Architects held in 1934,

whieh  dealt with  the co!nbined  effect  of  the frame-line shape,  i.e. the vertical  distribu-.

tion of  
･the

 displacement, of  aEt-body  fo,rms and  propeller revolutions.  The  present

paper, the seeond  report  of  this research,  discusses the interrelation between the

longitudinal distribution of the displacement of aft-body  fornrLs and  propeller revolu-

tions from  the propulsion point of  view.

    
'
 Ship Models Employed,

    The experiments  were  carried  out  on  three ship  models,  i.e. Nos. 195, 319 and

320, which  represented  120-rnetre single-screw  full-lined cargo  ships  of  fairly normal

Ct] Trans. Inst. N. A., 1934,

NII-Electronic  



The Society of Naval Architects of Japan

NII-Electronic Library Service

The  Society  ofNaval  Architects  of  Japan

L!l2!l. M. yamagata:
   .

forms with raised  sterns,  intended to run  at about  14 knots, when  fully loaded.

These were  made  to a  scale  of  1:20 in paraMn wax,  and  their leading particulars
were  as  follow : -

           Length between perpendlculars ....................,,...... 6.ooO m.

           Breadth extreme  .......................................,.. O.800m.

           Load  draught ............................................,, O.355 m.

           Load  displacemenS ..........'..............................1,265.6kg.

           Bleck coeMcient...  ........,.........,..................... O.743

           Lengitudinal prismatic eoeMeient  .,.........,.,............  O.754

           Midship section  coeficient.,.........,......................  O,986

    These models  had the sarne  form ef  fore-body and  similar  shape  of  aft-body

frame-line, and･  the difference was  confined  to the  longitudinal distribution of  the

displacement of aft-body,  the longitudinal position of  the centre  of  buoyancy of･

models  Nos. 319, 195 and  320 being 6,43cm., 7.44cm. and  8.09em. forward from

midship  seetion,  respectively.  Fig. 1 shows  their sectional  area  curves  and  load water-

lines. They were  fitted with  all  appendages  except  bilge keels, which  might  when

not  properly located, confuse  the  conclusions  of  the  present research.  The  body-plans,

together with  the bow and  stern  arrangements,  are  illustrated in Fig. 2.

                             Resistanee Tests.

    As I emphasized'in  the previous paper, the resistance  tests, which  are  univer-

sally carried  out  at  experiment  Tanks, are  useless  and  misleading  for single-screw

full-lined ships,  because the form  of the least towing  resistanee  does not  show  the

beSt propulsive performance under  the given conditions.  In the present research,

however, resistance  tests were  made  with the peculiar obiect  of  demonstrating how

they were  of  no  use  for such  ships.

    Each  ship  model  was  run  in smooth  water  on  level trim at the load displace-

ment  to ascertain  its resistance.  In Fig. 3 the results  are  plotted in our  standard

non-diinensional  form, and  in Fig. 4 three etfective  horse-power courves  for 120-m.

ships,  calculated  from the results  shown  in Fig. 3 by Froude's skin  friction constants

corrected  to the estandard  temperature of 150C. to clean-ship  condition  in salt  water

without  any  allowance  for wind  and  Wave resistances,  are  given on  a  base of  speed

iii knots. It will  be seen  from  Fig. 4  that  the effective  horse-power curves  of

models  Nos. 195 and  319 eompletely  coincide  and  that  of  model  No. 320 is a  little

higher than the others  over  a  range  of  working  speed.
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                              Wake  Tests.

   In order  to obtain  the necessary  information for designing propellers, the mean

anRular  wake  distributions at  the propeller position were  measured  on  each  ship

model  at a  model  speed  of 1.6m.lsec., correspending  to 13.9 knots for 120-m. ships,

by means  of  thirteen blade-wheels of  mean  radii  from  2.5 to 14.5cm. These mea-

surernents  were  made  under  the same  conditions  as  those at  the resistanee  tests, with

an  exception  that the rudder  was  removed  from each  model  to simplify  the experi-

mental  arrangement.  In Fig. 5 these test results  are  shown  in the forin of  mean

annular  wake  fraction, expressed  in terms of  model  speed,  on  a  base of  the radius

of  annulac  ring.  It will  be observed  that the fuller the  after  part of  hull the larger

the  wake  fraetion. 
'
 

i

    In Appendix II, comparing  the mean  wake  fractions over  propeller discs, derived

from these measurements,  with  those obtained  by Froude's method  of  propeller analysis,

I will  discuss the discrepancy between these two kinds o £ mean  wake  fractions, and

show  how  we  can,  when  necessity  calls,  caleulate  the approximate  value  of  the

latter directly froin the measured  mean  annular  wakes,  without  condueting  propeller
open-wuter  tests,

    For the purpose of  obtaining  the wake  at  every  point over  propeller dises, the

similar  tests were  repeated,  uging  pitot tubes instead of blade-wheels. Fig. 6 shows

the equi-wake  lines at the propeller position of each  model  at  a  speed  of  1,6 m./sec.,

aud  Fig. 7 gives the peripheral variations  of  wakes  at  the radli  of  6.5, 8,5 and  10.5

cm.  From'these two figures, we  know  that the wake  distributions of  models  Nos.

195, 319 and  320 may  be said  to be quite similar,  though, as  stated  in the  above,

the absolute  values  of wake  fractions are  affected  by the longitudinal distributioll of

the displaeement of  aft-body.

                        Propeller Moctels Employed,

    Four speeds  of  propeller revolutions  at 3,OOO S.H.P. were  aimed  at  for each

 120-]n. ship,  namely,  70, 100, 130 and  160 per minute.  All the propellers were  of

 the four-bladed and  siinilar  type  with  aerofoil  sections,  the expanded  area  ratio  be-

 ing O.407, the blade thickness  ratio  O.045, and  the boss diameter 4,8 cm.,  paying, for

 the sake  of  simplicity,  llo special  consideration  to strengthl  cavitation,  etc., for full-

 sized  propellers,

                                                          NII-Electronic  
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   To obtain  the necessary  informatiorr for designing propellers, preliminary self-

propulsion tests were  carried  out  on  each  ship  model  with  each  of  its four propeller
models,  which  had  been seleeted  as  the most  suitable  for the,present  requirements

among  our  standard  series  propellers and  the other  propeller models  on  hand.

   Examining these twelve test results,  the speed  of  each  model  corresponding  to

that of  120-m. ship  at  3,OOO S.H.P. and  thrust deduction fraction were  assumed  for

each  propeller model  to be designed. Next, since  the mean  annular  wake  fractions

are  nearly  constant  over  a  certain  range  of  model  speed,  the measured  results  at  a

model  speed  of 1.6.m.lsec., given in Fig. 5, were  eonsidered  as  those at the assumed

attainable  speeds,  which  ranged  from  1.55 to 1.64m.lsec.

    Using these･data, i.e. the attainable  speeds,  thrust deduction fraetions and  mean

annular  wake  fractions, four pcopellers for eaeh  ship  model,  making  twelve in all, were

designed by the  normal  method(!)  at  our  Tank, not  allowing  for so-caUed  
"
 scale  effects  

"

between ships  and  models.  The  dimensions and  particulars are  tabulated  below.

Propeller
Number.

R,p.M.I
aimedat.[Diameter

,lncm.
PitchRatjo
CVariabte)
atO.7R.

FerShipModel
Number.

155 70 29,92 O,943 195

156 100 24,88 O.820 195

157 130 21.89 O.720 195

158 160 19.92 O,es8 19c5

174 70 29,86 O,ee7 319

175' 100 25.27 O,815 319

176 1co 22.30 O.709 319

177 160 20,40 O.613 319

178 70 29,95 O,946 320

179 1OO 24.83 O.818 320

180 130 21.77 O.714 3ee

181 100 19.80'
'

O.619. 320

   The general plans of  propeilers Nos. 174 to 181 are  given in. Figs. 8 to 15,

those of  propellers No. 155 te 158 were  given in the previous paper.

                         SelfiPropulsion Tests, .

   Under the same  conditions  as  those at  the resistance  tests, each  ship  model

tested, self-propelled  with  each  of  it-s four propellers, by our  normal  method  of

and

wasself-

Cg)
 A, Shigemitsu,  Repert  of  the Teishinsho Ship  Experiment  Tank,  1931,
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propulsion tests, namely,  at what  is 
,knowu

 as  the ship  point of self-propulsion,  not

allowing  for bilge keels, fbul bottom, wind,  wave,  ete. Figs. 16 to IS give the re-

sults  of  these twelve self-propulsion  tests in our  standard  non-dimensional  form, an(1

in Figs. 19 to 21 the S.HP., R.P.M. and  propulsive coeMcient  curves  for 120-m. Fhips
'are

 shown  on  a  base'ef speed  in knots. As seen  in these figures, the propeller
･revolutions  at  3,OOO S.H.P. do not  exactly  coincide  with  those aimed  at, hence, in

Fig. 22, the attainable  speeds  and  propulsive coeMcients  assoeiated  with  the thrust

deduction fractions at  3,OOO S.H.P. are  plotted on  a  base of  R,P.M., alld  three fair

-curves
 are  drawn for each  ship  model.  Moreover, in order,to  facilitate the discus-

･sion
 of the test result$, in Fig. 23 these speeds  and  egeMeients  read  from  Fig. 22

for the  definite revolutions  from  70 to 160 per minute,  together  with  the mean'

thruSt dedttction fraetions ever  the tested range  of  propeller revolutions  are  shown
                                                                      s

on  a base of  the relative  Ion.critudinal position of  centre  of  buoyanqy leb, i.e. the

ratio  of  the loBgitudinal distance of  centre  of  buoyancy frQm  midship  section  to the

length of  ship.

                                Conelusions.

    From  Fig. 23, which  summarizes  the  test results,  the following conclusions  w{11

be drawn:-  , ･
                                                                       .

    (a) When  propeller revolutions  are  low, both the attainable  speeds  and  pro-

pulsive ceeficients  at  3,OOO S.H.P. for the same  revolutions  quiekly increase at first

and  then graduaHy  fall off with the  forward  shift  of  centre  of  buoyallcy, while,  tn

Phe･case of high revolutiolls,  the finer ±he after  part oE hull, the better the propid.
sive  performance. .

    (b) As  propeller revolutions  inerease, the  optimuin  position of  centre  of  buo-

yancy  shifts  forward materially.  Comparillg this experimental  result  with  that des-
                                                                      '
cribed  in the previous paper, it ean  be said  that for the purpese of  obtaining  the

 highest prQpulsive economy  the Iongitudinal distribution of the displacement of aft-

 body  is far important than  its vertical  distribution.

    (e) The  adoption  of  large slew-running  propellers alwavs  improves the propul-

 sive performance, though  the rate  of imprevement  varies  with  the variatiou  of  the

 IQngitudinal distribution of  the  displacement of  aft-body.  

'

    (d) Though  the thrust deduction fraction for a definite form of hull may  be

 said  to be approximately  cpnstant  over  a  wide  ra-ge  of  propeller reyolutions,  it

 ehanges  materially  with  the variation  of  the longititudinal distributioll of  the dis-
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placement of  aft-bod>,  narnely,  it quickly at  ficst and  then gradrtally fallts off wlth
                                  i

the forward shift  of  centre  of  buoyancy.

    It should  b3 remembored  that  these conelusions  cannot  bD absolutely  true, unless

-all the propellers ernploYed  were  the opti'mum  under  the given conditions.  Ex-

perience has shown  that the propellers designed by our  method  inay  be generally

said  to be quite elose  to the optim.uri  , though, strictly  speaking,  they mabr  not  be
                                   -
'the

 optimum.  Therefore,I firmly believe that the above  conclusions  can  apply  ap-

'proximately
 to all ships  similar to those dealt with  in the present paper. 

'

    In Appendix III, according  to the  current  praetiee at  experiment  Tanks, the

resulbs  of  the .present self-propulsion  tesfs are  analysed  b.v. Froude's method,'  whieh

vvould  be useful  to other  Tank experimenters  for eomparing  these results  with  their

own  data.

Symbol  x

 P-----･

 L  ""..".

 V  ,...H...

 V, "......

 R  H.."H.

 Rr '''''''''

 Rw  '''-'

 v  -"..".

 9･..... .."

      V
 v:  ...
     It

    Veg]

      R
 T==

    pv}  V:･

  Dimensions,
kg, m.  sec.

.1 -4  2.

.O  1 O,

.O 1 -1.

- - - . - . - - - - - - -

.1 Q O.

.1 O O.

,1 O O

.O 3 O

.O
 1 .2

,o o o
        '

 ooo

Appendix :.

Symbols Used.

            Remarks.

..Density,  i.e. rmass  of  unit

 Length of  ship.

..Speed  of  ship.

 Speed of  ship  in knots.

..Resistance  of  ship.

..Frictional
 resistance.

. , Wave-making  resistance.

 Immersed  volume.･

. , Gravitational - acceleration.

..Relative  speed.

 Relatlve resistanee.

volume,of  water.-
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     ty= Rr ....o  o
        pvg  vi

          a.
               ..o  o     rw  =

        pvg  V!

     E.H.P..................

     IV' ...."....O  Q -･1

     T  
"hk"

 "1  O O

     Q ""  :."  "1  1 o

     n  
==

 vl  N. ...,o  o o
           V

     t., T･ ....o  o

        pv3  v2 ,

     p=  
2TiiYll

 ....o  o
        pve  v3

     S.HP.................

        E.H.P.
             H..o  o     n==
        S.H.R

  Noter-The  sudixes･  
"m"

 and  
"s,

above symbelg,  when  necessity  calls,

     J

O....Relative frietional resistanee.

O....Relative wave-making  resistance.

.. Effective horse-power, 

'

 . .Revolutions  of  propeller.

    Thrust of propeller.

  . Torque of propeller.

....Relative  revolutions.

O....Relative thnist.

O....Relattve power.

......Shaft  horse-power.

O....Propulsive coeMcient.

"

 representing  
"
 model"  and  

"ship"
 respectively  are  added  to th"

                            Aplendix  Ir.

                          On  the Mean  Wake･

   Since, at  our  experiment  tank, we  always  design propellers every  annular  eleme.nt,

taking the corresponding  mean  annular  wake  at the propeller position, whieh  has been

measured  by a  blade-wheel, into consideration,  it is uimeee$sary  for us  to know  the  mean

wakes  over  propeller discs, which,  in accordance  withthe  current  praetice at  experiment

Tanks, are  obtained  by Frotide's method  Qf propeller analysis,  i.e. eomparing  the results  of

self-propulsion  tests with  those of  propelier open-vvater  tests, and  are  used  for the

design of propellers by means  of  the propeller design diagrams whieh  summarized  the

results  of  systematie  model  propeller experiments  in open  water.  Moreover, it may  be

said  that open-water  tests are  useless  to our  propellers thus  designed, i.e: so-callt,d  
"
 wake
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 propellers." From  these two reasons  propeller open-water  tests are,  as  a  general rule,

 net  carried  out  at  our  Tank. Therefore,I want  to avail  myself  of  the present

 occasion  to consider  briefly the  diserepancy between the  followipg tvvo kinds of  mean

 wakes,  and  to show  how  we.ean,  when  necessity  calls,  obtain  the approximate  value

 of  the  mean  wake  fraction, which  is used  for analysing  a propulsirve coeMcient  by

 Froude's method,  Clirectly from  the  mqasured  mean  annular  wakes,  without eonduet-  ,

 ing propeller open-water  test.

     The mean  wake  over  a  propeller disc, which  is used  for discussing the inter-

 action  between ship  and  propeller, may  be clas6ified  into (a> "nominal
 mean

 wake,"  which  is obtained  by integrating the wakes  ineasured  by pitot tubes or  blade- .

 wheels  over  a  propeller disc, and  (b) "effective
 mean  ,wake,"  which  is usually

 determined by conducting  Qpen-water  tests. The main  difference between these two.

 kinds of  mean  wakes  may  be･ said  to be whether  they are  independent or  dependent

 of the thrust clistribution  over  propeller blade. In spite  of such  an' essential

 difference, these two are  often  dealt with  as  if they were  comparable.  : will,  there-

 fore, ealculate  these mean  wake  fractions, and  show  how  their calculated  values  are

 durerent.

     To obtain  the' nominal  mean  wake  fraction over  a propeller disc from  the wakes

 measured  by pitot tubes or  blade-wheels, two  different methods  of  calculation  are

 generally adopted;  one  is so-called  
"method

 o £  volume-integratioll,"  and  the other

 
"method

 of  mementum-integration."  When  wake  measurements  have been made

 by  pitot tubes, this fraetion based upon  the former methed  is

                             ff woo-deelr
                         wv=  

)
 ..  ..  ･. .. ..  ...  .. .... .. ......  ..  ..  ., (1)

'
 ffrdeelT
 and  that based upon  the latter is 

i

                              ffwo (1 -  wo) rde  dr

                         
WM=

 ff(i-w,)rdedr 
'''''''-''-"''''"'''-''(2)

 where'  wo'is  the wake  fraction at any  point over  a  propeller disc. Wheti blade-

 wheels  have been employed,  the mean  wake  fractions based upon  the forrner and

 latter 
'methods

 are  expressed  
'bY

 
'
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   fwlrdr
Wv=

   frdr
!------l--------l----------'---(lr>

ls7I

and

IUm=fw'(1-tet)rdr

 
'

f(1-w')rdr
........................(2,)

res'peetively,  where  wr  js the mean  allnular  wake  fvaetion mg･asured  by a  blade-wheel.
Bgt, since  a  blade-wheel ean  be considered  as an  instrument of  obtaining  the meall

annular  wake･  by the momentum-integration  of wakes  over  an  annular  ring,  it may

be said  that the expression,of  (1') tihould  not  be used  for the purpose of  the radial

integration of the mean  annular  wake  fraetions measured  by blade-wheels.

   Frorn the  measured  mean  annular  wake  fractions shown  in Fig. 5, the llominal

,mean  wake  fraetions, w.  alld  wm,  were  caleulated  by the expressions  of  (lr) and  (2'),
and  are  given in Figs. 24 and  25, respeettvely,  on  a  base of  the relative  longitudiiial

pQsition of  centre  of  buoyancy, lcb. It will  be found  from  these figures that the

values  of  w.  are  always  greater than  those of  w..  Again, in order  to facilitate fQr

obtaining  the  nominal  mean  wake  fractions over  the propeller discs of  any  diameter,
                  '

in Figs. 26 and  27 these values  were  presented on  a  base of  the radius  of  circular

dise; £rom  which  the nominal  mean  wake  fraction over  each  circular  dise of  the

twelve propellers employed  in the present research  was  read  and  tabulated in the

annexed  table.

    As stated  before, the nominal  mean  watce  fractions, w.  and  tetm, thus obtained

differ with  the effeetive  mean  wake  fraction wa,  which  is employed  in Froude's

method  of  propeller analysis  adopted  pniversally at  experiment  Tanks, and  can  be

expressed  by

                       wa==1--J7]'1'=1-TEil/lliP;' ･･･'････''''"･',''''''''(3)

where  V=speed  of ship,

    Z,=effeetire mean  speed  of  advance  of  propeller, which  can  be. obtained  by

       eomparing  the result  of  self-propulsion  test with  that of  propeller open-
   t t
 e-  

'water
 test, '

    T=thrust of  propeller,
and  T.H.P.=thrust hortie-power.

NII-Electronic  
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ComparisonofMeanWakeFractions. '

Mode'1･ Preppller NQminalmean Effeetivemean
No, No. wakefractions, wakefcactions.

Wv V)m tVa We
319 17- .37 ,34

'

,41 .40

195 lsb- ,33 ,30 .37 ,36

,e2o 17S .31 ,29 .34 .33

319' 175 .es .40 .47 .46

195
'156

.39 .36 .42 .42

320 179 .36 .34 S9 ,38

319 176 .47 .15 .52 .50

195 157 .43 .40 .50 .ca

320
'

319

180177 .40 .38

.51 .48

.45 ,42

.59 .53

19,5 158' ,46 ." .52 .{LS

.O,20 181 .42 .41 .4S .45

    All the propellers employed  in the present research  were  tested in open  water,

and  by Froude's method  the effeetive  mean  wake  fractions wa  at  the  attainable  speeds

at  3,OOO S,H.P. of  120-m. ships  were  found, whose  figures are  given in the  previous
table. '

    But the approximate  value  of  this fraction can  be caleulated  direetly from the
                              '
measured  mean  annular  vvakes.  

`
 

'

    Accordipg to the mornentum  theory of  the action  of  a  screw  propelier, the

thrust  and  thrust horse-power in the expression  of  (3) may  be written  as  follows:-
                     '

                 T= 2TfL![f k7' ( V]'a +  'll- Ua) U;a (1 'e  tg XEIrt) dr

and

                 T･H･P･ =  2Te,Cikr V;.( Xct + 
-;;-
 U;.) U;. (1 -  e tg B.D dr,

where  p=dbnsity  of  water,

'
 r=ra(lius  at  any  seetion  of  propeller blade,

      R=tip  radius  of  propeller,

     Ro =radius  of  propeller boss,

    ･V;Tt=mean  annular  speed  of  advance  at  the radius  r,

     V;a= induced mean  annular  axial  velocity at a great distance behind propeller,
      slfineness  expressing  skip  friction,

     Brt=induced pitch angle  at  the radius  r,
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and                         '
                                                    t

     k=Prandtl's factor of  modification  for a  definite number  of  propeller blades

      =  :2  cos'te-;  ("S) easeep,,

        T

                   z=number  of  blades,

                  
'Bt

 =induced  pitch angle  at,the  tip.

    Then, denoting the caleulated  effective  mean  wake  fraction by ua,, to distinguish

this from  that obtained  by conducting  propeller epen-water  test, the expressioll of (3)
becomes

          
'

 wc-i-'":i･il.r

kllli
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............(4)t

    For the propellers designed by our  method,  this equation  can  easily  be solved.

graphically a･t their designed speeds.  The  effective  mean  wake  fractions wc  thus

obtained  are  also  given in the previous table. .

    In this table the speeds  at  which  mean  wake  fractions were  obtained  are  not

identical, namely,  the nominal  mean  wake  fractions, w,  and  w,,,  were  caleulated  at

a model  speed  of  1.6m-/sec., which  eorresponds  to 13.9 knots for 120-m. ships,  and  the

effective  mean  wake  fractions,.w. and  w,,  were  obtained  at  the  attainable  speeds  at  3,OOO

S.H.P. of  120-m. ships  and  propeller designed speeds,  respectively.  But, since  wake  frac-

tions are  near!y  eonstant  over  a  certain  range  of model  speed,  the mean  wake  fraetions

obtained  abeve  may  be considered  to be accurately  comparable.  Then,  it wi11 be said  from

･this
 table that the effeetive  mean  wake  fractions are  always  greater thari the nominal

mean  wake  fraetiens, and  that the effective  mean  wake  fractions ealculated  by the

expression  of  (4) are  approxmately  equal  te the measured  fractions except  in the

case  of  smaller  propellers. Therefore, it may  be said  that for larger propellers the

mean  wake  fraetion used  in Froude's analysis  ean  be obtained  directly. from  the

measured  mean  annular  wakes,  without  conducting  propeller open-water  test. I think

that the disagreement of two kinds of  the effective  mean  wake  fractions for smaller

 propellers would  be mainly  due to the defect of  our  method  of  propeller desig'n for

 propellers to work  in the eddying  water  behind ships.  Such a  defeet of  our  method

 inay  be also  seen  in Fig. 22, where  the revolutions  of  smaller  propellers differ

 mateviallv  from those ahned  at.        - .

NII-Electronic  
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   Siuce, as  described ip my  paper entitlled 
"Experiments

 on  the Mutural Action
between Propeller and  Rudder,"`3) the thirust and  eMciency  of  a  propeller are  im-

proved by, a  eertain  amount  by the presence ef  a  rudder  at  a  short  distance behind

it, the effective mean  wakg  fractions given in the previous table can  not  be said  to

be strictly  correct.  In general, for the purpose of  obtaining  the eorrect  value  of  an

effective mean  wake  fraction. for a  single-screw  ship,  the isolated propeller test in
open  water  should  be replaeed  by the open-water  test of  the propeller arranged  in

front of  a  rudder,  and  the expression  of  (4) should  be modified,  taking the effect of

the rudder  into consideration.

   Lastly, I would  like to state  that, in order  to obtain  the  theoretically more

eorrect  value  of  the effective  mean  wake  fraction for a  single-screw  full-lined ship,

by conducting  an'open-water  test, thl's test should  be made  in turbulent water,  not  
X

in still  water.  But  the effective  mean  wake  fraetion thus' obtained  should  not  be
used  for the desi.crn of  propellers by means  of  the propeller design diagrams, be-
cause  these diagrams are  those which  summarized  the results  of systematic  isolated

propeller tests in stil1  water.

                           Appendix  Ur.

                AiLalysis of  [Irest Results by F'roude's Method. ･

   As stated  before, propeller open-water  tests are, as  a  general rule,  not  conducted

at  our  Tank. But, utilising  the results  of  the open-water  tests, which  had been

carried  out  with  the object  of comparing  the various  kinds of  mean  wake'  fractions,

the results  of  the seif-propulsion  tests were  analysed  by Frogde's method,  because
the analysed  results  would  be useful  to other  Tank  experimenters  for comparing

these with  their own  data. The  hull coeMcients  nn, propeller eMciencies  (behind) n.r,

propeller eMeiencies  (open) n, and  relative  rotative  coeMeients  n. at  3,OOO S.H.P. o £

120-m. ships,  associated'with  the propulsive eoeMcients  n, thrust deduetion fractions

t and  effective  mean  wake  fraetions wa, are  tabulated as  follows.

(3) Jour, Soc. N, A, Japan, Oct, 1933.



The Society of Naval Architects of Japan

NII-Electronic Library Service

The 　Sooiety 　of 　Naval 　Arohiteots 　of 　Japan

Further ］M［odel 　Experirnents　of　the　Combined 　Effect ＆c ，
垈 1

0950

．
950

21921923313313

P τ

鷲
Ue「

四

弱

B

冨

56

η

お

訂

鼬

刀

58

磁

111111111111

Comparis・且 ・f　the　Analysed　Results，

ワ

83918979

鴎

85

箔

7981

‘

727377

Wa 　　 ワn

　 　 ．41

　　 ．37

　　．34

　　．47

　 　 ．42

　　．39

　 　 ．52

　　 ．50

　 亠菌 、．

　　 ．59

　　．52

　　 ．48

　 124

　 1．32

　 1．27
’

　 1，36

　 1．40

　 1．38

　 1．50

　 1．62

．一．ユ．53

　 1．76

　 1．71

　 1．64

　

7908

正

2093137

P　

667566545444

ワ 巨 ・

1
　β0

　 ．64

　 ．64

　 ．54

　 ．57

　 ．58

　 ．47

　 ．47

　 51

　 ．39

　 ．42

　 ．46

1」 二＿

1．121

．081

．09i

．07
「

1．071

．071

．061

．04LO41

．051

．021

．02

討 論

O 會 長（蒔島範苹岩 ）　 何方か御質問か ．御意見は御座い ませ ん か 。

O 出淵 巽暑 大變結構な paper で私の 最近見た 中で最 も面白い もの s 一つ であ ります。
158 頁

の nominal 　mean 　wake と effective 皿 ean 　wake との di珪erenc β で あ りますが ．最近私逹の 方で 2 隻

の 船で 、之 に相當す る もの をや つ た の で すが 、

一つ は e伽 ctive 　mean 　wake に相 當 する もの で behind

and 　open 　tests を し．一つ は其 の prope11er を，　current 　 meter と見て open 　 test で free に 廻 し

て ．速力と囘轉數 との 關係を求め， 其の calibration 　curve よbwake を出 しま した 。 其の 兩方 を比

較 します と・speea 　leegth　．ratio が O・7 位 だ と 丁 度此處に 在 る 4％ 位 の differenceに な りますが ．

次第 に high　speed に な る と差が 小 さ くな り、1．3〜 1．5 位 に な る と殆ん ど一致 します 。 之れ は理 論的

に考へ た の で はな V・が ．實驗的に 見て high　speed に な る と大體
一
致 しますが ．之れに 對 して 何 か御

考．若 くは實驗が あ つ た ら御知 らせ 下 さ い ませ んか 。

O 山縣 昌夫君　我 々 は殆 ん ど low　speed 　vessel の み で high　speed の もの は扱 つ た 事が あ りませ

んか ら ． 此 の 2 つ gmean　wake が high　speed で 合ふ か 合は ぬか 判 りませ ん 。 尤 も一
般に cwin

serew の もの は良 く合ぴ ます。 之 れ は wake の radial 　Vibration が 餘 ゆ無 い カ》 らで す 。

O 出淵 巽君 我 々 で test した の は 、twin
，　tr三ple，　quadraple で あ ります。 有難 う御座 い ま した 。

O 會長 （藤島範卆君）　 他 に あ）1　 ま‘eんか 。

… 憮 い 樣 で すか ら一言御 禮申上 げ ます 。 山縣君 は昨

年來引績 き御研究に な つ て 居 ります る船體の 後部 と propeller と の 關係 を 、 今 日御發表 下 さ い ま し

N 工工
一Eleotronio 　Library 　
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1三璽 ．
M ．Yamagata ：

て 、誠に面白 く拜躔致 しま した 。 遞信省に 7k槽ボ 出來ま して 以來． 段 々 と有釜 な る研究を御發表 に

相成 凱 其結果 は船舶改善施eCtc依 る新造船舶の 實際就航後 の 成績が 拔群で あ る事で 證據立 て られ ま

した る事は、誠に喜ば しい 次第で あ 1）
’
　2 す 。 今 日は志波、山縣兩君が轡を並 べ て 更に 新研究 を御發表

に な り．共の 武者振 り實 ic勇 ま しい 事で あ ります。 遞信省 の 仕事 と し て は此水 槽試驗所は．最 も重 要

な る もの S 一つ として 我図の 造船の 進歩發逹に 貢献せ らる S 事 は勿論、將來に 於て は世界 に於 け る權

威ある存在た るに至るべ き事疑を容れない の で ありますか ら．此上 と も充分力 を入れて 豫算 も充分に

御取 りに な つ て
． 更に研究を綾けられん事を希望 して 諸君 と共に拍手 を以 つ て御禮申上げ る次第で あ

りま す。 （一同拍手）

N 工工
一Eleotronlo 　Llbrary 　
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