
The Society of Naval Architects of Japan

NII-Electronic Library Service

The  Society  ofNaval  Architects  of  Japan

lg

Repeated Self Propulsion Test on  a  Tanker Model

By  Kyoji Watanabe,  Member*

                                        Surnmary

  In Mitsubishi Experimental  Tank  <Nagasaki), investigations have been made  into the repeatability  of

self.propulsion  tests on  full ship  forms  by repeating  the resistance  tests, the self.propulsion  tests and  the･

propeller open.water  tests for a  7m  wooden  model  of a  typica1 tanker.

  The  self-propulsion  factors deduced  properly  from  the self-propulsion  tests are  scarcely  affecrted  by

water  ternperature, and  the standard deviations of the self-propulsion  factors from  their mean  values  are

about  O.oo6 for er,  about  O.O05 for wm  and  about  O.Ol for t, and  the estimated  standard  deviation of

SHP  of  the actual  ship  due  to the dispersion of the self-populsion  tactors is about  1.5%.

                                    1. Introduetien

  Along  with  the progress  in the tank  test technique and  facilities, the accuracy  and  the reliability  of

the  tank  test  results  have  been improved.  The  prediction of the propulsive performance of actual  ships

is, however, dependent en  the accuracy  and  the reliability  of each  propulsive  element-resistance,  self.

propulsion factors, characteristics  of  propeller and  model.ship  correlation  method.

  In Mitsubishi Experrimental Tank  (Nagasaki) investigations have been made  into the repeatability  of

se!f-propulsion  test$ on  full ship  forms, by repeating  the resistance  tesbs, the self-propulsion  tests and  the･

propeller open-water  tests for a  7m  wooden  model  of a  typical tanker.

  The  self-propulsion  tests were  repeated  21 times, and  the propeller open.water  tests  were  repeated

14 times, for the period  of a  year,  The  results  of  these tests were  reduced  to the self-propulsion  factors.

and  the dispersion of  these  factors  were  inyestigated.

                             2. Model  and  test proeedure

2.1 Models

  The  particulars of  the ship  model  used  tor the repeated  tests and  those of the corresponding  actua!

ship  (45,OOO DWT  tanker)  are  given  in Table 1. All the tests were  canied  out  for the same  condition

{the same  displacernent and  trim) corresponding  to the full load condition  of  the  actual  ship.

  Tlie propeller model  is geometrically similar  to the actual  propeller and  its partlculars are  given in

Table 2,

2.2 Schedule  ef  the test

  At  first we  intended  to caarry  out  the tests {self.propulsion tests, resistance  test$ and  propeller open-

water  tests} with  the interval of  about  2 weeks  in the period ef  a  year.  But  on  account  of  the  tight

schedule  of  the tank  experiments  the tests could  not  be carried  out  as  had  been  planned, and  we  con-

ducted 21 self-propulsion  tests  and  resistance  tests and  14 propeller open-water  tests in the period from

July 1964 to August 1965,

 The  dates and  the water  tornperatures of  the  tests are  presented in Table  3.

*
 Chiei of Experimerttal Tank, Mksubishi Heavy Industries, Ltd.

NII-Electronic  



The Society of Naval Architects of Japan

NII-Electronic Library Service

The  Society  ofNavalArchitects  ofJapan

 12

Table  1,Particulars  ofModelShip  and  Actual Ship

ModelShip ActualShip

LPP 7,Ooom 213.0rn

LwL 7.142m 217.3m

B 1co4.5rnm(inc.skin) 3e.som(mld)

d 373.0mm(inc.skin) 11.32rn(fremBL)

da ee95kg oo.500t

Sa le.3sm2 9,6zama
T

Cbpp O.79S4

/Cppv

O.eo50

Cm O.9918

,CBpp

4S.265%

'

Table  2Particulars of  Model  Prepeller {p, 1281)

Diameter

Pitch

Pitch  Rstio

Bess Ratio

216. 9mm

159.4mm

l
ExpandedAreatDisc  Area

Thickness-Chord ratie(O.7R)

Number  efBlades

BladeSection

O.7348

O.IS18

O. 5600

O. 0737

5

Aerofeil

Table 3List  of the Self-Propulsion Tests and  the Propeller Open-Water Tests

f Setf-PropulsienTest 1' PropellerOpen-WaterTest

TestNeDateof
ExperimentNo.of

WaterTestDateof Water nD2' MeasuringRunTemperatureNo.ExperimentTemperatute
v

Re(K)

119S4-7-13 19 2o.1ec 11964-7-10 19.7oC4,65 × 1052.57xl05
2 tp7-25 14 ZO.3 2 ,,7-23 21.0 4.81il2.65tt

3 ts8-le 15 ee.2 3 .,8-4 2L8 4.S9-p-2.70rt

4 s-e-z2 14 24,6 4
,,e24 25,1 5.as-}2.91si

5 -k9-4 16 as.1

6 ppY17 15 26.3
5 "9-7 za6 5.47t-3.02tt

7 si10-3 17 2Z.9

8 Jl10-20 16 21.6
6

,,10-6 za.9 5.oslt2.79t-

9 -s11-6 16 ee,o

10 rp11-n IS 17.9
7 ,,11-5 20.1 4.70II2.59rl

11 :t12-7 17 16.6 8 ,.11-24 17.2 4.37--Z.41t-

12 tt12-16 17 ts.6

131965-1-.5 !5 14,S 9 ,.12-12 15.8 4.zapT2.ss--

14 l-1-21 17 13.2

15 tJ3-24 15 12.6 10196+3-9 !2.1 3.S2ls2.11i-

16 rl4-3 16 12.6 11 ,,4-6 12.4 3,ost-2.13rt

17 Fr5u7 15 14.8 12 ,,4-29 14.1 4.031-2.23ts

18 Il5-26 16 17.7

19 -!6-22 10 19.6
13 ..5-IS 16.4 4.28it2.soi-

eo sJ7-31 15 25.6

21
Jp8-19 15 25.8

14 "S-3 25.4 5.32'-l2.93tl

(1)(2)To analyze  a self-prepulsion  test, the  result  of  the  propeller-water  test  on  the  Bame  line was  used.

Re <K) = (cb･vv) Vi7[+FliifilMSf(o. rr D)
vhere  V  is the  speed  of  advance  of  propeller  at  30%  of  slip  ratio
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 2.3 Test method

  
The

 tests and  the analysis  of the test results  were  conducted  in accordance  with  the standard  pro-

 cedure  of our  experimental  tank.  Our  practice of the self-propulsion  tests is surnmarized  as  forlows :

 (1) The  resistance  tests and  the self-propulsion  tests are  carried  out  on  the same  day for the same

    displacement  and  trim. '

 (2) The  water  speed  is measured  by  a  current  meter  which  is mounted  on  the towing  caniage  about

    a  ship  length  forward  of  the fore end  of the model.  The  currerit  meter  is calibvated  beiore and
    after  the tests every  day.

 (3> The  self-propulsion  tests are  conducted  at the t`ship
 point". The  skin  friction correction  is calcu-

    lated from  the difference of the frictional resistance  coeMcients  ef  the ship  model  and  actua1  sltip.

    The  frictional resistance  coeflicienbs  are  given by

                       O.455
             ct.==

                  (log-!t{Lli!!!P. -FLm)2･se

                       O.490
            qtt :

                 (log 
VLviTsb

 )2'ss
    (Sufiixes m  and  s  rafer  to  model  and  actual  ship,  respectively)

    where  O.490 is an  ernpirical  factor adopted  in our  experimental  tank  and  does not  necessa;ily  agree

    with  the factor to be  used  tor the actual  powering-calculation  of  an  individual ship  (The reason  is
    described in 4).
                                  '

                  3. Analysis of  the results  of  self-propulgien  tests

  The  regults  of tlie self-propalsion  tests were  reduced  to the self-propulsion  facters-relative rotative

 efficiency  er, wake  fractien wm  and  thrust deduction fraction t,

  In the course  ef the analysis  the open-water  characteristics  of  prope11er are  needed.  They  were  ob-

tained
 from the results  ot  the operi-water  tests carried  out  on  the nearest  date to the self-propulsion

tests. The  number  ot  revolutions  of the prope11er was  10 rps,  which  corresponds  to the number  of

revolutions  at  the design  speed.

  wm  and  er  were  obtained  on  the basis oi the thrttst identity method.  t was  ca1culated  by  the follow-

ing forrnula

          T+SFC-R
        t=
               T

where  T  is the thrust of  the  prope11er,

  R  is the resistance  obtained  from the resistance  test at  the  same  load condition  and  the same  speed,

and

  SFC  is the towing  force called  the  skin  friction correction.

                     4. Method  of  estimating  DHP  of  actual  ship

  In estirnating  DHP  of an  actua!  ship.  we  do not  scale  up  directly the DHP  of the model  measured  in

the self-propulsion  tests, but it is our  practice to calculate  DHP  of  the Ship, as  described in detail in rof.

(2), hased on  EHP  and  the self-propulsion  factors of the actual  ship  which  can  be  estimated  from  the resu!ts

of  tlie resistance  tests  and  the serr-propulsion  tests respectively.  The  purpose  of  the self-propulsion  tests

in our  experimerital  tank  is, therofore, to  obtain  the self-propulsion  factors as  analyzed  from the test

results.  For this purpose  the accuracy  of  SFC  is not  a  substantia1  problem, because, a$  .recognized in

general, the propelTer loading  affects  scarcely  the self-propulsion  factors.

 According to our  practice, EHP  of  such  a  full ship  fo'rm is estimated by  the method  of  Hughes, whieh
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ehas been  proved to be reasonable  method  by  the systematic investigation on  the geosim modelsCt).

                           5. Effects ef  water  temperature

  The  variation  of the water  temperature  through  the repeated  tests was  considered  as  one  ef the causes

of  the dispersion of the test results.  So the effect  of  the water  temerature  on  the test results  was

investigated first.

  The  power  coeMcient  kp and  the residual  tesistance  coeMcient  Cra decrease with  the increase of  the
,water

 temperature  as  sliown in Figs. 1 and  2. With the  increase of 140C  in water  temperature  the

power  coefficient  kp decreases by 3%  and  the  total  resistance  of the model  decreases by  1.5-2.0%.
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of  water  temperature on  Cra.

  The  effect  of  water  temperature  on  propeller epen-water  characteristics  is shown  in Fig. 3. Tliese

characteristios  are  obtained  from  the open-water  tests carried  out  with  IQrps, so  that  Reynolds number

nD?lv  varie$  between 3.8× 10S and  5,4× 105 with  the variation  ef water  temperature  between 120C  and

26eC. For this range  of  variation,  ep  ehanges  by about  2%  (in relative  percentage), KT  about  1%  and

Ke  about  2%.

  The  variatton  of  power  coeMcient  kp with  water  temperature  may  be  explained  as  the sum  of  the

yariation  of the residual  resistance  coeMcient  and  the variation  of  the  propeller efficiency.

  It is to be  nDted  that, in contrast  with  the variation  of the power  coeMcient  and  the residual  resistance

･coeMcient,
 the seif-propulsion  factors are  scarcely  affected  by water  ternperature <Fig. 4). From  such

resu!ts, it is presumed  that the effect of the water  temperature  on  the characteristics  of propeller under

･self-propulsion
 cendition  is almost  the  same  as  the effect  on  the propelrer open-water  characteristics.

It wi11 be reasonable,  therafore, to use  the  propeller open-water  characteristics  obtained  by  the propeller
open-water  test carried  out  on  the  possible nearest  date of  the self-propulsion  test to deduce the self-

propulsion tactors from the results  of  the  self-propulsion  test.
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6:2 Seatter of  er,  topt  and  t

  Here  the discussion is to be  made  on  the dispersion of
                                                       eon

the
 

self-propulsion
 
factors

 
in
 

each
 
test.

 (The 21
 

seli-
 S l.O,Ogi

propulsion tests  are  numbered  No.  1-No.  21 in the order                                                       -ote

of  the  date ot  the  tests.)

  In Fig. 8 the dispersion of  er,  xvm  and  t ef  each  test

number  are  expressed  in terms  of  the deviation from  thelr  ;gPoe
mean  curves  again3t  Froude  number  as  mentioned  in 6.1. [ts -o･gt
                                                       

-O･02
In this figure there can  be seen  a  few  test numbers  show-

ing Iarge deviation. For ercample,  in the case  of  eh  the

test number  3 and  4 show  large deviatiens of  1%  in a
                                                        Fig.

(standard deviation), but  detailed observation  of  the indivi-

dual test resulbs  reveals  that, this is due to only  one  or

two  test points having  an  extraordinary  deviation from the rnean  ]ine.

say  that the standard  deviations are  about  O.O06 for er  (O.6% of  er),

O.Ol fort(1.3%  of 1-t> throughout  the test carried  out.

                                                 Notes fer

                                          ero---mean  tine ef  er
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                          7bst number

                  7. rit and  nzvm  for each  self-

                     propulsion  test
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                   O.oo5 for u,m  (1% of  1-tvm) and

                  Fia,7  end  FigS

                  obtalned  by the  method  ef

      teast squares  tor each  test,

WntT 
,T--mean

 eurve  of  w.  and  t, versus  Freude

     number  obtained  ftoni otl  tests  (see Fio,5  and  6L

AMwh,;tiit--average devfation  of  wm  and  t. frbm' 
--tn

 and  T;
      for ene  test

       ALw..-Erw-･ii:)  ii7t.irt-T-J
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orwlaLortJ---scatter ot  wh  and  t, trem WTm- A-wnt and

          t-at,  for one-test  .

      otw.J.  it,)h-rwh.4--th"ti2 att). ib-tfL  ATiti2
                 n n

n----  number  of  measuring  run  for  one  tesr

     

     
   ,

   )

                                              
        l s lo ts 2e

                  nest number  7!i[
                   Fig. 8. Standard  deviation of  er,  wm,  t from  the mean  line

  For the test number  19, the standard  deviation of  t wa$  not  calculated  because  of  large scattedng  ot

thrust deduction fraction, ln this test the  automatic  speed  control  system  of  the towing  carriage  did

not  work  and  the test was  canied  out  by  the manual  centrol.  This suggests  the importance of the

autornatic  speed  control  of  the towing  carriage  in the  case  of  self-propulsion  tests.

              '

              7 Distributie" of  t, wm  and  e.  of  21 self-propulsion  tests

  In this section  let us  discuss the distribution of  the self-propulsion  factors of  21 self-propulsion  tests,

choosing  vf  VliL=O.16, O,18 end  O,20 as  the representative  Froude numbers.
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    The  plottings of  the self-propulsion  factors to

  the base  ot  the test number  are  presented in Figs.

  9, 
'10

 and  11. er.  zvm  and  t plotted with  the

  tnark  O  were  derived from the above-

  mentioned  methed  of  analysis,  that  is, er  and  uJm

  were  obtained  using  the results  of  the open:waber

  test  of the prope]1er carried  out  on  the nearest

  date  to the self-propulsion  test and  t was  obtained

  from the results  of the resistance  test carried  out

  on  the same  day as  the self-propulsion  test. On

  the other  hand er',  tvm'  and  t' with  the mark

  
･-.･･･+･･･-･･

 were  obtained  by  the analysis  using

  the average  prope11er characteristics (for the self-

 propulsion  tests No. 1-12, the average  open-water

 characteristics  obtained  frem the tests No. 1-9,

 and  fer the self-propulsien  tests No.  13-21 the

 average  results  of  the prope!1er open-water  tests

 No.  10-14 were  used)  and  the average  residual

 resistance  coeMcient.

   At  each  Froude  number  er  and  er' were  obtained

 from  the straight  line against  Froude number

 determined  by  the  method  of  least squares.  But
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zvm,  tvm'  and  t, t' were  not  obtained  from the

mean  cursres  zvm+Azvm,  etc, mentioned  in 6il, but

were  read  trom the rnean  curves  through  the plobs
of  wnt,  wnt'  etc, of all  the test points of  the re-

spective  se]f-propulsion  test.

  The  standard  deviation ot er,  er' wpt,  wm',  t and

t' frotn their mean  vatues  for each  Froude  number

'are
 given in Fig. 12. The  standard  deviations of

the self-propulsien  factors from  their mean  values

oi the 21 self-prepulsion  tests  are  about  O.O06 for

er, about  O.oo5 for zvmj  and  about  O.Ol ter t. The
deviations ate  about  the same  as  those of the test

points from  the mean  line of  the respective  test.

Comparing  the standard  deviations oC er,  wm,t

and  er', tvm'  t' tihown in Fig. 12,, it may  be said

that the standard  deviations of  er and  xvm  are

smaller
 
than

 
those

 of  er'  and  wm',  btrt in the cqse
et  t and  t', the  standard  deviation of tin  the

lower  speed  range  (vliL=e.16-O,18) is very

1arge, and  the standard  deviations of t' (using the
average  values  of resistance  coeMcients)  are  rather

srrta11er than  those of t. This  may  be related  to

]arge dispersion of the results  of the resistance

tests  ot  the full tanker  ship  form.

Aer, b-la,at: deviation afer,Aua  and  t at  a  censtont

        fltoEiala nevnber  abta"md  frvnt eaeh  tesefrom theth

        meon  vvtue

      n:  number  of  setf-proputsion  tests

          
--o-

 standord  dbviationofe-wh,and.t
          ---t-- stonded  dbvietfim ofer;  W;,and  t'

-ss

-LsY6

･£
g

ooesoo06ooo4

ooosoeo4

OOt2o･oloooaeoooe

                                                       on  OIT  O･M OV9 020  021

                                                          -  %rc                                                                    '

                                                Fig. 12. Standardideviation of  t, wm,  er,

                                                        from their mean  value

           8. Scattering of  DHP,  estimated  frotn 21 self-propplsien  tests
                                                            '

  In, order  to  estitnate  the scatter  of  DHP  obtained  by  scaling  up  the self-propulsion  tegt results,  the
                                                   '

            nutnber  (Fig. 13). The  standard  deviations frorn their mean

            ture has significant  infiuence on  the  power  coeMcient,  but

wt  ocal

                Tlest number  self-propulsion  factors on  that of  the estimated  SHP  of

 Fig. 13. Pewer  coeMcient  of  repeated  the  actual  ship,  DHP  of  the  actual  ship  was  calculated

         self-propulSion  test according  to our  method  of  power  estimationC2),  using  the

                                      same  EHP  and  the same  prope11er eharcteristics,  together

with  the respective  seif-propttlsion  factors obtained  from  the 21 self-propulsion  tests. The  standard  devia-

tion oi SHP  obtained  by the abovernentioned  method  is about  1.5% for the  range  of Froude  nurnber  tested.
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                                    9. Conclusions

el(1) The  standard  deviations of the seif-prepulsion  factors for each  test point irom the mean  line for

    the respective  seif-propulsion  test are  about  O.O06 for er  (O,6% ot  er), e.oo5 fDr wm  (1% of  1-u,m)

    and  O.Ol for t(1.3%  of 1-t) t[rrough all the repeated  tests.
t<2)

 The  standard  deviations of the self-propulsion  factors frem  their mean  vaiues  of  the 21 self-propul-

    sion  tests at  represetitative  Froude  numbers  are  about  O.Oe6 for er,  about  O,oo5 for wm  and  about

    O.Ol for t. The  deviations are  about  the same  as  those ef  the test  points from the mean  line of  the

    respective  tests.

/'<3)

 The  dispersion of  DHP  measured  by the seif-propulsion  tests are  rather  large, and  it tnay  be as-

    cribed  to the effect  of  watc  r tempamture  on  the propel1er characteristics  and  the frictional resistance

    of the model.

･(4)
 The  self-propulsion  factors obtained  according  to our  testing method  are  scarcely  affected  by the

    water  temperature. The  author  beIieves that our  practice-to  derive the seif-propulsion  factors from

    the re$ults  of  the se]f-propulsion  tests, using  the results  of  the resistance  tests  carried  out  en  the

    
same  date of  the self-propulsion  tests  and  the results  of  the prope11er  open-water  tests carried  out

    on  the nearest  date of  the seif-proputsion  test-is the  rigoroug method.
･'(5)

 The  standard  deviation of DHP  of  the actual  ship  estimated  according  to our  power  estimation

    method  (using the respective  self-propulsion  factors obtained  from the 21 self-propulsion  tests  together

    with  the same  EHP  and  propeller open-water  characteristics)  is about  1.5% for the range  of Froude

    number  tested. This cleviation is smaller  than  that of DHP  of actual  ship  directly scaled  up  from

    the  model  test results.
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