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（昭和 35 年 11 月造船協会秋季講演会に お い て 講演）
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Factor

of　Sinkage　and 　Trim　on 　Form

of　Resistance

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　By 　Koichi　Yokoo，　 member

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　 Summary

　　　Tn　order 　to　investigate　the　effect　of　sinkage 　 and 　trim　 on 　form　factor，　resistance 　tests　were 　cond ・

　ducted　 on 　two 　 sets 　 of 　geometrica11y　 similar 　 models 　 wlth 　keeping　their　 trim　and 　 sinkage 　 constant ．

　The 　 results 　of 　these 　 experiments 　show 　that 　sinkage 　 and 　trirr｝have　important　effects　on 　form　factor

　 of 　resistance 　 and 　that　form　factor　is　nearly 　 constant 　 independent　of 　ship
’

s　 speed 　if　the　trim 　and

　、s三nkage 　i旦 her　 runs 　 were 　kept　 censtant ．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1●　　Introduction

　　　Altheugh 　 Hughes1 ）assumed 　that 　form 　factor　of 　resistance 　 was 　 constant 　for　a　certain 　 ship 　form 　in一

磁ependent 　of 　ship
’s　 speed ，　 form　factor　varies 　certain 正y　with 　ship

’

s　speed 　according 　to　Cedric　Ridgely−

iNevitt2） and 　the 　 author ．3 ） Principal　 reason 　for　the 　 variation 　 of 　form　factor　due 　to　ship
’
s　 speed 　 or 　Fro一

ヒude 　No ．　 is　 considered 　to　be　in　the 　 variation 　 of　 trim 　 and 　 sinkage 　 of 　 a　 ship 　in　her　 running ．

　　　In　order 　to　investigate　the 　e 晩 ct 　of 　trim 　and 　sinkage 　on 　form　factor，　 resistance 　tests　on 　slmilar 　mo ・

Idels 　for　both　a　tanker 　and 　a 矼 experiInent 　boat ” Musashino ”
were 　 conducted 　 with 　keeping　their 　trim

rand　 sinkage 　 constant 　during　their　 runs ．

　　　Also，　 ordinary 　 resistance 　tests　 were 　performed 　to　be　 compared 　 with 　the 　 results 　 above 　 mentioned 。

　　　　　　　　　　　　　　　　　　　2．　 Models　employed 　and 　test　co 皿 ditio皿 s

　
t

．Two 　sets　of　geometricaUy 　similar 　models 　were 　 made ，　 one 　 of 　 which 　is　a 　set　of 　tanker　models 　and 　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　other 　 of 　experiment 　boat　models ．　 The 　 body　plan

　　　 　　　　　 and 　 contours 　 of 　 the　 tanker 　 model 　 are 　 shown 　 in

　　　 　　　　　Fig．1together 　 with 　the 　principal　particu  rs 　of

　　　 　　　　　the 　prQtotype，
　 and 　those 　 of 　the　 exper 洫 ent 　boat

　　　 　　　　　 model 　in　Fig．2．　Model　no ．　 and 　length　are 　shown

　　　 　　　　　 in　Tables 　l　 and 　2　for　the 　tanker 　 models 　 and 　 ex ・

　　　 　　　　　periment 　boat　 rnedels 　 respectively ．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Test　 conditions 　for　both　families　 of　 models 　 are

　　　　　　Fig．1　Body 　Plan　and 　Conteurs　of　　　　　　　　　Fig．2　Body 　Plan　of　the　Experiment
　　　　　　　　　　the　 Tanker　Model　　　　　　　　　　　　　　　 Boat　Mode1

診shown 　in　Tables　3　and 　4，　 respectively ．　 Studs　were 　 used 　as 　turbulence 　stimulation 　for　all　the　experi ．
．
mlents ．
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Table 1 Model No, and  Length  of

The  Tanker  Models
Table  2 Model  No, and  Leng,th of

The  Experiment  Boat  MQdels

M.  S. No. ILength(m)Scale Ratio , M,S,No,I  Length(m)  l
1319 i

Scale  Ratio

4.sc I 1142,33
-rr-m"-).--tJ.--

1315 i
ngo  l
   /6,OO  i1/31.75 1316

   2.oe IL'-
 4.oo lz16113

Table 3Test  Conditions of  the  Tanker Medels

    M,S,  No. 1319

Condition1I

Trim,%  of  LmlA.P.

Draft(m)M.S.F,P,

o

.2404

Illsm N'v,

-l%,2182.2407
   -2%
hlLt"-L..-.-.
   .19X!!"i.2404

[ +1%

  ,2631

i ･24o6

o

.2516

mlmtl

r
.2632 l.2854 1 .2181

en

]isplaeement(mS)

Wetted  Surface(m2)

.5124

4.13114.io4  [
   f4.079I

 4.i4s

-2%.2071-25211

 .2g71

.5398

4.2421  4.193

 ol

  :-
,262s 

･-l---I

-2%.2190.2640,3ego

.5670

4.3ss I-4.309
M,S, No, 1190

Condition 1llllm'y

Trim,%  of  L"Lt'o

A.P.lrnvttt't-ttL

Draft(m)M.S,F.P.

il-

el
.3205

l -1%
 l -2%

l T2gio i･ .26es

l il:lg Fig2,::-
+1%.3ses.320S.2908

Disp.lacement(inS)1 1.2I46

VVetted Surface(m2)'7.264l7,214'l7,170I  7.2g2

'v1m;
ol-2%  l,

ut l
 o i'

i

;

mr2%

.3355,2762

.2920

--.33L6.2--.1
  ,3962.3505

.3520

l.2795I

 7.372

.4120

7.458
ii

1.3440

7.65St/7.578

Rernarks;l)2)Positive  and  negative  trims  mean  trim  by  the  stern  and  stem  respectively

Condition  I cerresponds  to the  designed  condition.

m

   Conditien

Table  4Test  Cenditions of  the  Experiment  Boat  Models

        M.S.  No. 1315

TrimangleA,E.

[IL

Draft(m)

o

M･S'
 i.1027

F.P,

1u,m1
1057, [,13on3033,,1531

v

.Osc71.e547

-1033t

---s

Displacetnent(mS)

',og3i

 l.o33i
 1

.cr82,1042,1302

.04396

Evo

,1277

tut1vrtva

t

los7, l
    !3033,

,1574I/L!,,1809tl-t.t-t-t.7tttt

,1244 .12e9
   ..[--. ....H
.0914 ,e609

['[11!-1033t

 .1035

 .1295,1555

   ',9342

 l
.06499

Wettea  Surface(rna)(,92301.9036  i
   ,1.ss7o

 1 1.oo72 t1.0250 l.gsg6 l･t.es2s
M.  S. No. 1316

ConditionTJI1I5m

Trim  Angle

     A,E,

e

I)rattCrn)M,S..2054

1057,.2614j 3o33t
/ ---
  .3062i

 .1862

Lff l vzV'vr

       F.P.

Disp!acernentCrnS)

')

 
LI033,

,1954.12g4-l

,1564.2084

.D662 1i .2604

i-- .351G8

o ies7'
 1,3148
 i3e33,.3618

t1

 va

Wetted  Surface(m2)13,692t3.614E13.54S  1 3.737   /

.2ss4.24SB:lI

 .121s.2418.IS28

-1033,.2070.2590.3110

.51990

4.189i  4.100L3.958s4.211

Rernarks  ;1)2)Positive  and  negative  trims  rnean  trim  by  the  stern  and  stem  respectively

Condition  r cerrespends  to  the  designed  condition.
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           3.

Resistance tests
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 Resistance  experimeptts  under  the  condition  sinkage  and

 trim  kept  constant

on  the tanker  models  were  conducted  under  the eight  conditions  as  shewn  in Table 3.

                                      Tota! resistance  coefficientsi  ct are  shown
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this phenomena  are  considered  to be ･sR

based upon  the  seperation  of  the  flew
                                         .Je
around  the  medel.  Different from  the  orcli-

nary  resistance  tests  at  which  all  the  ns

rnotions  in the  yertical  plane are  free, ",
                                        a"
                                        N
such  kinds of  tests as  trim  and  sinkage
                                       pt
are  kept censtant  during  ship's  running  &,m
restrict  the ship's  motion,  and  there-
                                         "

fore seperationis  likely to take plaee.

Under  the  condition,  where  seperation

takes  place, seperation  field must  be

increased with  the  increase of  Reynolcls

No. Since the  more  seperation  gives the

greater resistance,  ct of  the bigger  model  could

                         4. Form

  Form  factars at  various  Froude  No. are

methed  given  in the paper  
"Scale

 Effect

9,10 and  11. From  these  figures it will  be

Froude  No, or  ship's  speed.  Although Figs.

varies  remarkably  with  Froude No,, it wi!1

            J tt

      .le ,IJ .r2 .tj ,t4 J5  rS  tT  
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   Fig. 3 Total Resistance CDefficients of  the Tanker
        Models  at  the  Designed  Draft

that et of  the bigger  mode]  is larger than that of  the

the  models  have  the  largest positive  trim. Since the

largest model  at  the  increased draft,
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 the results  of

experiment  boat
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i,n Figs. 3 and  4. Where,  as  the wetted

surface  area  to calculate  ct  for all  the  cen-

ditions is used  So, wetted  surface  area

af  Conditien I. Valttes of ct below F=.14

are  very  scattered,  which  shows  that

values  ef  ferm  factor ebtained  byHughes'

method  are  likely to contain  considerable

amounts  of  errors.

  Resistance tests on  the experiment  boat

rnedels  were  performed  under  the  eight

conditions  as  shown  in Table  4, in two

rangts  of  model  speed,  Test  results  are

shown,  in a  form of  ct, in Figs 5,6,7 and  8.

Figs7  and8  express  very  peculiar aspect

 model  except  the condition  under  which

   effect wil!  be  negligible  even  fot the
         .M.EtkET

maffee 
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 the

upon  ship's  speed  itself

 As  is supposed  easily

higher  speed  range  of

 butfromthe

           ,fr ,le ,r3 ,t4 ,r5 JS  .J7 
,iE

 
if

 
2e

                        y-  Y'Ti
                           Coefficients of  the  Tanker        4 Total Resistance
          Models  at  the  Increased Drafts

         larger than  that  of  the smaller  model.

        in yarious  conditions

 obtained  by using  the test results  abovementioned  and  the

Experiments  on  Seme  Ship  Forms",  (1-t-k> is shown  in Figs.

       that  form  factor is nearly  censtant  independent of

       and  ll in the  previeus paper show  that  ferm  factor

        be understood  that variation  of form factor is not

       of  trim and  sinkage  efa  ship  due to change  of  ship's

       resistance  experiments,  almost  all the values  of(1+le)

        moders  are  negative.  Figs. 12 and  13 were  obtained
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   Fig. 12 Effect of  Trim  Fig. 13 Effect of Trim  Fig. 14 Total Resistance Co-
                                      and  Sinkage on  Fo-          and  Sinkage  on                                                                    efficients  of  the Oil
         Form  Factor  (Oil .                                      rm  Factor
                                                                    Tanker  Models ･
                                       (Experiment)         Tanker)

from  Figs  9, 10 and'11.  These  figures give  a  better idea of  the  effect  of sinkage  and  trim  on  form

tactor. The  fact that  (1+k) of  the  expetiment  beat Models  in the higher speed  range  coincides  well

with  that in tne lewer  speed  range  at  about  3.5 degrees of  trim  angle  suggests  that there will  nat  be

nny  seperatien  in this range  of  trim.

                   5. Re$ults of  the ordinary  resistanee  experiments

    The  ordinary  resistance  experiments  were  carried  out  under  the conditien  I for the  beth  similar

rnodels  of the tanker  and  experiment  boat, In these  tests, trim,  sinkage  and  wetted  surface  area  were

ifneasured.

    Total resistance  coefficients  of the  tanker  medels  are  shewn  in Fig, 14. Trim  angle  e, sinkage
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    Fig. 17 Wettecl surface  Area of  the

           Tanker Models  in Their Run

    as  an  eil tanker, sinkage,  trim  ancl

independent of model  size. Fig. 18 is given

    is not  the  same  as  that of  the model,but

   ship  and  model  as  shown  in the table

                                 bMiJfO
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th
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JS
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                 Fig. 16 Sinkage  of  the  Tanker

                         Models  in Their  Runs

           '

   parameter  zi711L  and  wetted  surface  parameter  
rSlv2Is

 of

   the tanker models  in thelr  
･runs

 are  shewn  in Figs. 15,16

   and  17 respectively.  Since the data for Model 1319 in Figs.

   15 and  16 were  measured  by the trim  recorder  for the

   tests  in waves,  accuracy  is comparatively  lowerthan  the

   values  for Model 1190, Taking the  agreement  of  the

   results  between  Model  1190 and  1319 in Figs. 15 and  17

   into consideration,  the  results  in Fig. 16 should  also  be

   coincided  with  each  other.  Therefere, for such  a  low speed

wetted  surface  area  of  the  similar  models  must  be the same

  as  another  proef for this idea. Wave  profile of  the  actual

    wettecl  surface  area  shows  a  good  coincidence  between

 in this  figure,
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  Angle  and  Sinkage
Experirnent Boat Mo-
 the  Higher  speed

  wetted  surface  area  parameter  Siv2i3 of  the experiment

 19, 20 and  21. Different from  the  results  for the  oiY

    wetted  surface  area  do not  coincicle  with  between

          can  be considered  to be the sarne  between the

     model  are  greater than  these  of larger model,  In

     larger model  must  be greater,The  results  of these

    the  opposite  tendency.  Since the test results  on  the

  show  the same  tendency  as  the  results  of  the  experi-

  in modeLs'  runs,  for suchakind  of htt11 form, sinkage

than  these of  the  larger model,  although  its reasen  is not.

          gives greater sinkage,  trim  and  wetted  sur-･

       of  the difference of  the  wetted  surface  area  cur-

      in Fig, 21, decreasing with  the  increase of  Froude

 between the wetted  surface  area  curyes  of the sirnilar

   below  a  certain  Froude No. sinkage,  trim  and  wettedi

  those  of  the smaller  medel,  and  over  that  Froude  No.

    these of  the smaller  model,
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   Fig.18  {a) Comparison  of  WaveProfiles
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  Fig,19 TrimAngleand  snt,"  
-

        Sinkage  of  the Ex-  .
        periment Boat Mo- Fig･ 20                                     Tnm

        dels in the LDwer  of  the

        Speed  Range  dels in
                                  Range

   Trim  angle  e, sinkage  parameter  A7VL  and

boat mDdels  in their  runs  are  shown  in Figs.

tanker models,  the  values  of  sinkage,  trim and

the  similarmodels.  Trim  angle  in the lower speed  range

similar  models,  but except  it values  of  the  smaller

a case  where  blackage  effect  exists,  sinkage  of  the

experiments  for the experiment  boat models  show

patrol  boat models  given  in the previous paper

ment  boat models  concerning  sinkage  and  trim

and  trim of the smaller  model  must  be larger

¢ lear. In a  hull form  as  a  hydroplane, the larger model

face area  (ref. 2 and  3). This  iact and  the  tendency

ves  between the larger and  srnaller  medels,  shQwn
                                       ,
No., suggest  that  there  must  be a  cross  point

models  at a certain  Froude No, rn ether  words,

surface  area  of  the Iarger medel  are  less than

those  values  ef  thC larger model  are  greater than



The Society of Naval Architects of Japan

NII-Electronic Library Service

TheSociety  ofNavalArchitects  of  Japan

Effectef  Sinkageand Trim  on  Factor of  Resistance 21

         6. Comparison  of  the form  factors obtained  from  the free running

              experiments  with  those cal ¢ ulated  from  the results  of  the

              draft--fixed experiments

    Using  the  values  of sinkage  and  trim  of  the  models  in their runs  and  the cross  curves  of  the  tetal

resistance  coefficients  obtained  in Sectten 3, total resistance  coeffieient  for a given  sinkage  and  trim
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will  be ebtained  for any  Froude  No,, and  therefore  (1+fe) will  be calculated  fer varieus  Froude No,

Their results  of  calculatiens  are  shown  in Figs. 22 and  23 for the  tanker  and  experiment  boat models,

together  with  (1+le) calculatecl  from  the results  of  the  free running  resistance  tests, Both(1+k)obtained
frem  the different sources  shew  a rather  good  agreement,  This  irnplies that  both kinds of experiments

were  performed  without  a  great error,  and  it may  be considered  that  all  the results  given  here must

be relied upon.

                       7. Effect  of  sinkage  on  the form  factor

    If we  use  the  wetted  surface  area  Se of  the model  at  rest  for the  calculation  of  the total resistance

coefficient  ct, ct will  be expressed  by  Ri-;･pSov2, Adding  indexes1  and  2 to ci and  cr  for the  smaller

and  larger models  respectively  (1+k) is calculated  by  the following formula  ;

                              (1+fe)=(ctt-ct2)1(cfl-cf2)
If we  use  the  wetted  surface  area  S changed  owing  to the  model's  run  instead of  So,

                             ct'=  RISpsv2

This  cs'  gives a  different value  of  form  factor le',

                              (1+k')=(eti'-ct2')1(cfi-cn)
Variation of  the  form  facter clue te wetted  surface  area  is easily  introduced as  follows. Expressing

S=So(1+x),

                      
-1-±
.-Z-'---c."iis,t;'-/f,t::-g-:=it(i..)

  or (1+fe)=(1+x)(1+le')
   If the actual  wetted  surface  area  should  be used  for the  calculatien  of  ct, (1+k) obtained  using  the

wetted  surfa ¢ e  area  of  the model  at  rest  will  give higher  value$  by :.

   On the ether  hand, when  a  model  runs,  the  model  and  water  surface  around  the mode]  sink,

tXPEttaMENTe ea4TMeoSt

p
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which  makes  water  speed  around  the model  increased, Approximate mean  values  of  the  increased water

speed  around  the model  are  given by the  following formula4).

                             vm=fv2+2g-li'T'

where,  v  is advance  speed  of  the  model  and  ztT  sinkage  pf the model.

    If the mean  water  speed  was  used  for the  calculation  ef  ct  instead of advance  speed  v, ierm factor

will  have  a  different value.  Denoting  the  form  factor calculated  using  vm  by fa",

Introducing
 
v.
 
..v(1 ÷ y)

 
,

 
(1+le")

 
=

 
(Ct"'Het2")i(efi-cn)

 
p:

 
a+k)

 
v2tv.2

                     
'
 (1+le")=(1+k)1(1+y)2

If both variation  ef  wetted  surface  and  increased water  speed  around  the model  due to model's  sinking

are  taken into consideration,  denoting  the new  form  factor bY  k'tt,

                      . (1+k'")=(1+k)l(1+x)(1+y)2

It is probable that (1+k"') will  be constant  independent of  Froude No. or  Reynolds  Ne, lf (1+kt t)
 is

assumed  to be  constant,  apparent  form factor (1+k) varies  proportional to (1+x)(1+y)2.

    Fig. 24 shows  the  form  factor corrected  to ivetted surface,  trirn and  water  speed  inFreased due to

the  ship's  sinkage.  Form factor oi the experiment  boat is nearly  constant  independetit of  Froude  Ne., '

but that ef  the  tanker  still  varies  with  Froude  No. The  formula  to calculate  vm  was  obtained,

considering  only  the water  speed  around  the bett,om and  neglecting  that  around  the side. So, v.  for

the  tanker medel  must  contain  a considearble  amount  of  error.

                                     8. Cenclusions                                                                     '

    Forrn factor varies  with  Froucte No. as  shown  in Fig. 22 and  23. The  cause  for the  variation  of

form  factor, hewever, is net  Froude No. or ship's  speed  itself, but change  of trim and  sinkage  of  a

ship  due to change  ef ship's  speed.

    In order  to estimate  exactly  the resistance  oi  an  actual  ship,  effect of trim  and  sinkage  of  the

ship  in her runs  on  form  iactor must  be taken  into consideration.  To clo this, resistance  tests on  the

geornetrically similar  models  or  at  least resistance  tests at lew  Froude  No, on  the model  with  several

kinds of trim  and  sinkage  must  be conducted.
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