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ADSTRACT

reconmended the use ol a
Jtnovm slnee

e tokh TUPC An 1978
new perlovmance prediction method,
then as I1'MC-78-Hethod.

Thig method ineludes the application of [orm
Factor lk  1dn  the extrapolation of the ship
rogletanece and the power [rom moedel teot re-
anlba, ;

The adopltion ol Lthe form [aclor represents an
Lmprovement In comparison with the traditional
mebhods,  The consequent applioation of +this
welhod, however, 1is accompanied by new error
SO I when  ealeulating  the perlormance,
which muet be taken into account when unlng
Vhie e tliend,

fhe present paper gives a briefl dilgcussion of
Lhe  method of dekermining the Lactor and +the
method ol using it. Error sources are polnted
ol whieh may ooour when.delermining the [owm
Iacltor, The algnlficant inlluence ol bthe cho-
soen lorm faector on the exlrapolated wvalueu of
ahip'sn  rosiotance and  porlormance  are de-
motttbrated by means ol an example of the eal-
culotion of a ship with or without bulbous bow
I'or peveral draughtao.
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1. INTRODUCTLION

Proulde's wathod in used In neavly all  model
teoting laboratories all over {the world when
extrapolating  the resistunce of a full=seale
ship Irom model test results.

i molbhod st eharacberised by the division
of the towal coctntanee into two parlo, namely
the Irietional resistacce amd  Lthe restdunl
resigtance, elther ol them belup senled up In
accordance with a proper sealing law:



Cyg = Cpg + Ono (@)

The frietional resistance coefflicient,
included 4in the ocalculation of the
ohip by means of a [rictional line of o [lat
plate talking -Neynolda's Law into account. The
residual resistance coeflicient, Cpy, 1o as-
numed to be equal Lor model and [ull-ucalc
ship, Froude's Law being duly observed.

Cll" ig

Updng this
.method,

ning the
ship are

relatively simple cxlrapolation
nome important physical facts concer—
threo Jimensional flow  around the
noglected, ol ecrmrne. Therelore,

improvement of this methed was starves from
the DbLeginning ol its use, TFirst of all, un
empirical Mroughness allowance", L. (in ro=-

gont time also called () was introducod thuy

ounmarily aliminating uomu shortcomingso of the

method,
Cpy = Cpy. + Cpo (3)

Cpg = Cps'+ Opo + Cp. G
The amount of the rounghness allowance in
mainly dependent on the ship's length, but
also on theiblock coefficient and the* rough=-
nepo  of the 'ship's surface. Apart [rom this,
the proper experience ol cach wmodel tesbing
laboratory may ‘aleso be considered when deter-—
mining the amount of the roughness allowance.

G. Hughen, in (1), has revised the division of
the resistance proportions already in 1954,
and his revieion was the basis for the so-
galled form factor method.

GIIIM = (1+k) UFM + cu (')’)

UTS = (1‘|’1E) Gl"S . GH =5 cl“ (G)
Using the form factor k, the three-dimencional
flow around the ship is taken into account by
caleoulating 'that propoxtion of the [rictional
resistance caused by ship's shape. The [form
factor is assumed to be cqual for model and
full-geale aship., Thig method gives o bettoer
relleetion of the physical conditions ol the
flow around the ship, but it is not o
threefmensional cxt;apulation method,

In the delinition Ly IT1C 1978, Torm lacltor k
isg determined from the ratio of the specilic
total vigseous vesistunce coeflicicnt, Oy, of
the model or the full-scale ship to, the vlic-
tionul venistance voelllelent, Uy, of o Clat
plate, using bhe same Heynoldu number,

Cy
T Trirre 57 W

1957 line is used as frictional line.

r=1+4+15k
The ITTC

When the form factor method iu used for calcu-
lation, the meaning of the residual resistunce
coelficient, differs from its previous
meaning. It is 1rcqueutly denominated as rusi-
Ltance proportion of [rec gurfaccs. The values

Cp determined by means of the form [lactor
mciho us per equation (5) are dilferent [ronm
Lne Cho values ag per cquation (1) and (3) in

Lhe roflowlub way:

Gy = Cyo = ¥ Opy (g

This correlation is well known to all specia-
lists, of course. But,crrors may easily occur

full-geala

really

o L gy

il perwonncl with Little Cradnlag are al worik,
expeeially when the results ol previous tleust
series are used for designing & ship, the more
go as the ITTC continucs using the same  ayw-
bol, mnamely Cp, Lor bLoth diflerent coolli-
Liantﬂ of residual resistance (ecf.also ['ig.9).

I'he eosential problem Loy the usc ol bhe Lorw
laotor method, however, is the correct delber-
mination of [lform [lactor k, as LChe chosen
amount of k has a considerable efflecet on  the
predicted vresistance of the ship and thus on
the predicltod speed. The present papcr alms at
the discuseion ol this problem. As Lthe [Lorn
factor effects the predicted repisbance in the
same way as the power calculated from propul-
sion test results, <this discussion i Limited
n  the more simple case, namely The resi-
stance,

2. RECOMMENDATIONS OF IVVC 1974 Mot YlE
DETERMINALTION OF THE [FORM FACTOR

The 15th  ITPC 1978 has recommended the
adoption of & mnew porformance gonversion
method [4]. An integral poart ol the
extrapolation ol the perlovmance ol the full-
gscale ship with the use of this method ius  the
adoption of the form lactor.

The resistance coefficient of the full-scale
aship will then be determined by weans ol Lhe
Tollowing formula:

Cigg = (1K) Gy ok Uy 2y & Uy S

where:
(1+k) = Form lactor au per Prohaska,
determined from renistance tust
Ul“i}’ Ul“itl s Priectional coel ficient au por
TPPe 57

P I (10
(.al.\ = e fl’.r':"“i (1u)
R, = ..--";E- (11)
T lesidual resistapce cocllicicnt

U” = UT“ i {1”:) U]'“ (1)

Olyp = Roughness allovance

Ay = [105 (Kg/ag )3 - 0,00 103 (1)
Ky = 150 1070 4

= My r

sintance cocel' licicul
UMl = 0,001 Ay/u i)

Por  debermining the Lorm Laclor, Lhe  rolo-
tively olmple method ol Prohaska 1o recommcn-
ded whieh iy bagsed on the fundamental ldea
that resistance Lo only generated by [ricbtiun
for very small Mrowde numbersu.  Un Lhis comdi
tion, +the form factor in precisely expromicd
by the ratio Dboetween the wpecilic total
viscouu resistance coelficient, Cy, of a model
or a full-seale ship and the Ttwo=dimensional
Prictional resistance coefficient, Upy, of a
rlat plate with the swme Neynoldi  number:s.
e t5] vrecommends o earyvy ouwt roeniutonec
tepts within the ranpge of Froude numbers  Drom
.12 < I, , 0.20 in this conneolion.

The foem lactor results Irom:

(1+]L) = CT/U[" -0 il.ll”/U-l" {15)



. Cvel fledents k, N and U are delermlned approx-
imately with the help of +the least sqguare
method., I = # is recommended as exponent of
the Froude number, 1f linvarizalicn connot he
obtained with N = &4, N can be modified,.

3. EXPENIENCE IN DETERMINING THE FORH IACTOR

In author's experience, o minimum ol 7 meas-
uring polnts within the range 0,12 < Iy < 0,20
in equidistant specd stops are neuuuaury for o

sulficiently exact determination of the Ilorm
factor using Prohaska's mothod.

The Torm factor can be ecunily ocalculabed by a
computer programm or in a graphical way. The
graphical ' solution, which ocan also be compu-
ter-aided, will be preferred in most cases as
it enablee the measuring person Lo estimate
the "quality of the measuring points on the
basie of his own experience.

Mg. 1 shows the graphical method of determi-
nation of +the form factor as per DProhaska.
Form lactor (1+k) according to equation (15)
for I —= 0 is given Ly the intermsection point
of the line of besot approximation of all € n/G

‘values with the oxdinate (P, = 0), For Tall
normal ships without bulbous bow it is puffi-
cient to use N.=.4 as cxponent for I, I the
points cannot be connected by » gbtraight line,
a slightly curved single-valued line will give
the oame values of the form factor as a linc
otretehed by an other exponent, »

In the case of 5 to O m wedel length and

“ Froude numbers F. < 0,12 laminar Llow muus. L.
expooted, which 1reoults 1in low 1repiotance
valuons of the modol, Thovelore, the meaouring
points with Bn < 0,12 wmuet be examined whether
or not they are useful., fhips with o high
hlock coefficient ohow o more rapid incrense
of the totel resistance coelflicient when comn-
ming close to the upper gpeed limit., Heasuring
points in that range must also be examined [lox
usability,

It is recommendéd in every case Lo check the
lovm faclbors determined from experimental
dates with  the help of empirical [formulac,
whioch are based oh the evaluation ol a large
number ol model teoln., Care musl be taken Lo
make elear on which [frietlonal line the
formulae are based, The [following three
lormulae are related to the e 19579
frictional line:

acc. Lo Vatanabe [3]:

k = =0,095 + 25.0 ---—f%LJIr (16)
()12
ace. Lo 13th IMC 1972 [2]:
j ()
e = 0,01 + 20 ~—--E--E§~_—a:=,~ (1%)
EJ f} :
own approximate lormula:
k= U Cp =01 ’ (14)

Pormula (18) is a coarse approximabion, Lul it
is good for a guick preliminary check ol [orm
Tactors determined by means of tests Dbecause
of its wnimple otructure. The Lormula holds
true lor lully loaded vessels wlthout Dbulbous
bows with normal shapes and nol extroeme bluck
coefficients, It io based on model teslt ro-
gults of the model test tank laboratory Potiu-
deun, GDIt (SBVA).

ey

The lorm lactor has been extensively discusued
gsince the ITTC 1978 method has been adopted 10
years ago. Several proposals [5], [6], [7]
Lave Leon submittcd on how the folm faclor can
be determined more safely, bLut alse wmore
intricately.

Up to now, <the DPYerlormance Committee hay

adhered to ita reccommendation of 197 becouwse

ol thoe simplicity ol Prohanka's wethod, bul

has pointed out din 1904 (6] +he lollowing

posgible errors:

- Separation on a model may give Loo  high
Lorm laoclor;

= Laminar [flow on o model may give koo low o
Torm factor; )

- Wave breaking may disturb the linecaprity of
the rewsistance coelficient;

- Interaction belwoen propeller and hull  wmay
influence tho form Laclox;

- It may be difficult to talke tLhe
into account;

= Tank blockage may influence the lorm [acloyr;

- The form factor ig dependent on the Iroude
number;

- The form

appendages

fucLur may be dependont on  the

lleynolds number;
— Dulbous Dbows may also disturb the linearity
+ of the resistance coelficient.

All the above listed eflects are to be tlaken
into account when determining the Lorm laclor
by means of Prohaska's method in order to
avoid errors in the performance prediction.
Yoo preaent paver pives a digeusalon on  Lhe
last ditoem ol the above list, i. ¢, &he in-
[luonce of tho shape ol the lore body, pererld -
cularily of bulbous bows of diflerent ohapes,
and  also the influence ol diflcerent Jdraughts
and  trim conditionws on the Lorm laelor, 'The
great inlluence ol the chosen form lacter on
the predicted perlormance of the lull-genle
ship is to bLe demonstrated.

4, DETERMINAYTION 01 'PlE MORM MACTOR OF A HODEL
WITH DIVPLERENYT SUAPES OF THE DOW

Choise of the model and test conditlions

In ovder to illustrdte the problem ol [orn
faetor determination for dilferent shapes of
the fore bodles, & model has been choscen  [or
wuhieh regigtanceg test wrewsults hove Leen
available lor a ]JJ_|J 1:1[;]101,41; bulvous bow
Tor several variants ol the bulbouus bow, which
illustrated the extremely large influence of
the lore bLody shape on the resistance projpeir-
tien, A big lishing vessel model wau  chosen,
For whioh teul resultu with a pgood bulboun Low
(1), & bad bullous bow (B2), and & version
without bulbous Dbow, cach teslbed of  Three
differvent draughls, have heen available,

wilbhout

Table 1:  lain dimensions of the ship

Lulbous bow

1 72 )

Lpp m 153.00 153.00 153,00
Ly, 150,45 Wt i i

i} m 23,50 23.50 23,50
Ty i R T JJ 0.0
Tp m? U, 80 G, 4H% 3.70

U ws o Wby 398y 332

v m= 197900 ) 16095 107770

UU - .00 u,03% U.004
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The Tablo 1 vhows the main data of the whip
without ULulbous bow at <three draughts.l'ig, 2
shows the ocontours of tho fore and aft Dbodics
aos well as frame no. 20 of all three variantu.

The ‘tests have been carried out with constant
digplacement for each draught, therelore,
plight differences of the draughl betwecen ‘the
individual variantsc have ccourred. The model
ie made of wood, the surface coated wilh
varnish. "o generate +turbulence the model
without Dbulbous bow was fitted with two rows
‘of ping of eylindrical shape (2.5 mm diameter
and height, 25 mm opacing) on frame 19, and
cach two rows of such pins were {iltfted on
frames 19 and 20 (FP) of the models with
bulbous bow.

The 'testo have been carried out ip the towing
tank of the wodel teoting tank laboratory
Potodam (8VA). The towing tank dimensions are
ao followo:

L. = 200 m
B = 9 mn
D = 4,5 m

A mechaniocal balance has been uscd as meapu-
ring inotrument. The speed range investipgated
was the F, range 0.12 < I'y < 0,27, oometimcs
.10 < P, .27,

Dotermination of fowrm factors |

e form factors of every teot have been de-
termined in accordance with *lhie¢ above desecri-
bed Prohaska's method in a graphical way aso
shown in TFig. 1. : .
Pigs. 3 to 5 show the work diagrams [or the
determination of the form factors [for the
three different fore DLody nohapes, It in
obvious that +the [orm lacltors olf the whip
withoult bulbous bow can be easily determined
with the recommended I'; exponent N = 4. "The
pame holds true for bulbous bow I1. The resis-
tance line of bulbous bow D2 with 12 and 13 is
not linear which io mainly caused Dby wave
breaking. Bo the form [aetor vannol be deler-
mined wsafely and unambiguously in thiv  way.
liodilicatlon of the P] oxponent I in no remody
glibher, wo the fouvm Yuctor Lo Lormally deter-
mined with the help of Lhe Prohaska wmethod,
since other mothods do not vesult in  beller
values, too, :

Table
for the model from Figu.
the Prohaska method,

2 contains the form flactors determined
9 to 5 accordlng to

Table 2: lorm footoro (1+k) ace. to Prohanska

bow Approximation

type line k| Lo L

normal Straight line 1.178 1.170 1.104

B1 Straight line 1.178 1,162 1,258

B2 Straight line 1.29 1.43 %
Parabola 1528 i 1.36 14828

The caleulated values for the ohip without
bulbous bow and for bulbous bow D1 are usclul
after preliminary check. Doubtful is the valuc
N1/13, The values for bulbous bow D2, however,
peem to be too high, even without choek ealou-—
lntion fLor somparison purpove, The use ol &
parabola  as appruximate line docw nol  reusull
in gubstantially beltor values,

/I(ﬁ,u f e

Au o cheel, the caleulated Lorm Lactors should
be compared with such values determined [lrom
empirical approximate Lovmulae (16) to (18).

Table 3 contains the values [or the ship with-
out bulb, lor models with Lulb the approximate
formulae result in nearly the same values.

Table 3: Form factors (1-k)

according  to
approximate formulac i

Pormula 11 2 '3

Watanabe (106) 1.132 1.130 1.090
Lrre e (17) 1.199 1.11 1,100
Authou (16) 1,160 1.155 1.142

The values ocalculated from the dil'l'event
empivrical [ormulae ave diflering, oo it waws
expected. But the range ol expoctatlion and the
trends are clearly demonstrated., Uselul values
have Dbeen determined oven with Cthe primitive
eulimate Lovmula (10).

A comparison with the Lorm laclors determined
oxperimentally and listed in Table 2 wshows
{that those for the ship without bulbouus bow at
all three draughts are within the range of
expectation, oo they can be taken an correct.
The same holds true {or the model with bulbous
bow 1M at draughts 71 and T2, The experimental
value of 13 is, however, too high which may be
caunped by wave breaking in ballast condition.

Turthermore, <+the comparison shows Lhat ‘the
Loxm factors determined by means of the
Prohaska method for the bad bulbous bow U2 arc
gignificantly to high. :

5, INPLUENCE OF ‘11 CHOSEH FORM FACLON OH Wik

PREDICTED BFIFECTIVE POWER

Over the years, cvery model tesbing laboratory
will pgain their own expericnce in  extrapolo=
ting  the model tewt results Lo Lthe full-scale
ghip, and consequently the extrapolation
methodn ave differing widely., lor 1nstance,
mont of tho teot laboratorics have parlticular
rulen for bhe deborminabion ol Torm Facloer  k
and roupghness allowance  Gp,  and aluo For the
debermination ol wea briadl and vervice allow-
ances and when consldering bhe alr veulolbancy,

In the present paper only the inlluence of the
Towrm Lacltor lp digeussed. Dul Lor  vcomparison
purpescs  the roughness allowance must also be
taken into acecount, au the ITTC 1970 exlrupo-
lation methed including the adoplion ol Lhe
Forn Tlactor method contains a definite corre-
lation between roughness allowance and ship'a
length, el Lormula (13).

In order to illumtrate the great inilucnce ol
the chousen Lorm factor on the elleclive power
extrapolaivd [or v fali-scnde  ~hip,  Lhe
regults of all 9 wvesistanee tewlus have Dbeen
converted in three variants:

Variant@ oVA method
(1+k) = 1 in all caucn
ACp = 0,0002 in all cases

Variant(@) I19C 1970 .
(1+k) ace. to Prohaska, "able 2
4Cp ace. to (13), Table 4

Varlanl e 190
C) Clok) = 1,170 dn all caucy
ACp ace. to (13), Table 4.




The roughness allowances ACy according o
formula (13) for all cases investigated are
ligted in Table /.

Table 4: Roughneog allowance 103 z ACp acc. to
= TMTe 4978 (13)

how bype ) T ™ ™

normal 0.399 0.415 - 0.hay

131 0.399 0.413  0.399

B2 0.399 0.400 0.399
The reslstance proportion caused by alr
according to formula (14) has been omitted au

it ie not wmignificant for this comparison.

Migures 6 to 8 show the recsulto of reaistance
tests 4in'the form Cpg = £(I,). This form of
prosentation renders poauiblo a clear judgment
on the quality of the bulboun bowy
investigated, as  the "old" wvalue of Cpyg
ascording to formula (3) 1s used. Furthermore,
this [lorm 18 mpood for stlatistical purponeas.
The preat differences of the 0O valucg
caleculated in the variants (3), (@), (3) arce
ghown in I'ig. 9. :

ship's shape oul of the Lhree

models io bulbous how D1 at all
three draughts. Thio is especially evident fou
mean draught T2, ef. Plg. 7. Dul this mode ol
precentation cannol be used [lor entimating the
percoentage of power saving or the pgain in
npoed. l'or +this purpome Lhe only uselul mode
1o o plot the effective power on Lhe
resiotance dirvectly over the spood an shown in
I'ig, 13 no an example lor draught 12,

The beut
investipated

llowever, when the power is dirveelly plotited in
this way, ‘the differences between the wvaluen
detorminad aceording Lo the dilflferent methodo

gamnot  be  plotted anough elearly, as  Lhe
curves are very narrow lLe each obher and
cerooging., The total resiotance coelliclent,
Cipgs in the quantity hesl serving lor
comparison purposes. ‘

The -Cpg values are plotted separately for the
three ﬁxaurhtn investigated in IMig. 10 to 12.
The considerable influence of the conversion

method chosen, 1. e.: of the form [actor, on

the wvaluen predloted for the ship is elearly
viaslble lor all Lhree drausht o, The
dilferencesn of +the <{hree ohape variants

are aloo proved for the full-geale ship in
Mot w©o when method in
Formally used, which leads to a falaoifiGation
of ‘the test results and may, when +the [orm
factoro experimentally determined for cvery
loading conditlon are consequently applied,
evon lead to  the rovernlon of the tronds
detormined in tentn,

:ﬁanurcd in the model tent according to method
1

their centirety.

draught 12 nhall serve as an
example for this. As mentioned above, the beot
regliostance properbden over the entire sapeed
range  have been determlined when teoting  the
model of bulbous bow 1 al draught 12, el.
MpEo 7 NDulbous bow 12 is an improvement com-
pared with shipe without bulbous bow only when

Discussion of

> 16,5 knots. When using the extrapolation
method( 1 these relations are not altered ag
Mg, 1T ohows, If, however, the form Lactor

perimentally determined acgording to method

2) 1a used, +the ship with bulbous bow 2 1a
Substantially betlter than the nhip without
bulbous bow beginning with V = 14.% lknots, and

f'r'f.rl_\,. v J

¥ > 16 knots ist eo even better than

lox the
ghip with bulbous bow 1 whieh 18 evidently an
crror.

Figg. 11 ghows also that the {trends ostated
during model testing are maintained with +the
proposed method (3) , 1. e. constant [orm
[aelor [orv

nll modalo and all draughbo, ao
woll as wilth method

4. 13 41lluptraten the elfcotive power ol the
full-pcale ships without bulbous bow and with
bulbous bow 2 as an example of T2 in order to
demonstrate the great influence of the .chouen
extrapolation method on the predicted effece-
tive power and speed of the ship. The diffler-
ences between methods and are small,
namely lens than 3 % [6r the power and lewss
than 0.1 knot for the speed. The result of the
model test, namely that the bulbous bow 2 is
better tCthan the ship withoul bulbous bow only
when V > 16.5 knots 1o aloo maintained in bLoth
methods.

Hethod turnc the entire tesl resull upeide
dowm. AGcording to this method, D2 is beller
than the ship without bulbous bow already when
Vv o= 14 hnoebs, The ton hirgh form factor of
variant D2 results in a ‘noubntantlally more
lfavourable extrapolation. In the concrecte caue
V = 17 knots, the error amounts to about 16 %

ol  the elfective power or ca. 0.0 knots in
upeed.
Tinally 1t chould be pointed out onece more

that the above example is a decidedly extreme
canc; but one which may occur in the practical
work of a model teonting laboratory..

In cauen where tLeslo are carried out
cexclusively with ohip models with bulbous bowg
the inlluence of which on +the [lorm factor
cannot be delinitely predicted, the choice of
Lhe correel lorm Laclor iu a speeial problem.

o

. GOHCLUSTONG

1. The determination of the form Clactor Lrom
ship model tests ia diflicult.

2. The choice of the form [lactor has a
congiderable influeénce on +he predicled
eflective power and speed of the ship.

3. Gometimen 1t 1u better Lo ume a [orm factor
determined Dy means of a wsafe empirical
Tormula than one determined formally [rom
test resultan. .

. When. extrapolating the teol reoults with
different ohapes of -a ship type and at
different draughts +the same [lorm [actor
should be used in all cases.

coelll-

5. Tha "pvoviouu” 1ontdudl rentntance

elont, G = Cyy 18 more suitable [or
ataLiLtical uork t\an the "new" renidual
resistance ocoeff., Cp = Cpy = (1+k) Cpy.
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