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ANDRZEJ ZBOROWSKI, TRUONG SY KAP
Gdańsk

A method for calculating the ship friction re§istancę based on tbe Zazurca,§ proposal [1] wasdeveloPed, The ProPosal deals mainly with a simple transformation of the actual ship forminto aiooy otrcvolution for which characteristics of the potentił flow and the boundary layer were calculated. Algorithmsand comPuter Program§ were elaborated. Based on these programs ,y.t.ń"ti" calculations were perfor-
med of the shiP frictional resistance for about eighty ship rórms ror wŃch results of model re§istanc€ testsrere available. The shiP forms used embrace a wide range of fullness. Calculations showed,evidences ofboundarY laYer seParation, viz. fpr some forms of larger fullrress the velocity of the potential tlow and theshear stress reached the zero value at some distance from the trailing edge. rhe distance changed ina systematic way with the ship form parameters.

The method of friction re§i§tance calculation was verified for a single case using experimental resultsfor four geometrically similar models oi the series 60 as published u} conrr and Ferguson [3]. The;omparison showed a satisfactory agreement between the calculated and measured values of the frictionresistance components.
The calculated friction resistance of all the ship forms analysed was then compared with the viscousresistance of the forms obtained from the tank tests for the non-wave-making Froude number range. Theexcess of the viscous resistance over the friction resistance calculated was*assumed to be the viscous

Pressure resistance, In this waY the viscous resistance was split into the friction and pressure components.Both comPonents found for all the models of the sample oi fo... cotte"t.J *".. then analyzed by meansofthe regression analYsis. The statistical generalization was proposed giving relation between the fńctionresistance, viscouŚ Pre§sure resistance, boundary layer separation length and the ship form parameter.

Iqvegtr-galon of-the,Ship Viscous Resistance comDonent§
and their Dependence oń thó Hull ro.ń ia.ańóiói, n"r.a

on the Body of Revolution Analogy

Nomenclature

B - breadth,
CB - block coelficient,
CF - friction reśistance coellicient ofthe body,
Cro - friction ręsistance coelficient ofa flat plate,
Cp - viscous pressure coelficięnt,
Cs - separation drag coellicien!
Cy - viscous resistance coelficient,
Fo - Froude number,

H - shape ruoo. /Ł1\, 
\0ł

Ę - §hapefactoratthepoint ofllow separation
kr,k, - form factors,
L - length,
Ro - Reynolds number,
XB - longitudinal position ofthe centre of

buoyancy,

Xs - relative length of the separation area
/x.\
\z/,

[8ą
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§s - section afełt at the point ofthe llov sepa-
, ration,

§M - midship section ateą

Ę: Sr/§r,

boundary layer thickness,
boundary layer Cisplacement thickness,
boundary layer monentum thickness,

1" trntroduction

In view of lack cf any consi§t€nt theory for catculation of the stup friction and
vi§cou§ l€§i§ta&ce sinnplified theoretical and experimental models have beęn adopted
since W. Froude famous plank rvork. His conreption of th€ €quivalent flat plate has
been usęd up to date with only a few additional assumption§. A more recent źrpproaah

is that of using a body of revolution a§ a rnodęl of ship form; this §nab}e§ resistance
and propulsion characteristics of a ship to bę assumed on a more rational basis

[4, 5, 6]"
The possibitity of modelling ńe ship hydrodynamic characteristics by mean§ of

those of a body of revolution has been examined over the last decade by different
authors" To mention some of tlrem, th€ work done by Mathesoą Joubert and others
from the University of Męlbourne shotrld be pointed out. These authors examined in
a series of papers tlre use of a body of revalution a§ a model of reflex ship forms for
thę estimation of skin friction.,In their last paper, aftet a careful and eomprehensive
experimental and theoreticłl study, they came to the conclusion that a body of
revolution based on the equality of peńmeter variation is not a good hydrodynamic
*tl!i":'-"ffi§',}xlifi*';} 

zaz,urca[l]. He Bsed the pres§ure netJ cal
culated for an equivalent body of revolution to estimate the ship skin friction
resistance. This approach, despite of its inadequacy as mentioned abeve, was
adoptełS in the present work to perform systematic calculation of the ship fńction
resistance for dilferent hull forrns and to investigate how the visEous resistanqe
componęnts are changing with form pararaet§§§. Appendices 1 and 2 give some
details of the calculatiorf methods adopted" Respwtive algońthms and description of
the connputer programs are given in [2].

The results of exemplary calculations of velocity potentia!, yelocity distribution
over the length rrf the hul!,'houndary layer characteristics and viscous resjstanoe
eomponents for a tanker model are given in Appendix 3.

The suggested calculation method was verilied using some experimental results.
Such a verification is usually limited by lack of experimental data on skin fńcti<in d
slrip forms. Direct lnea§urements of slcin frietion are scarcely available and often not
reliable as the mea§§rctnent techniques have not been developeri sufiicientiy well
For the pulpo§e of the present analysis the friction re§i§tance of clpr geosim rnodeb
of the series 6S found indirectly from the §!€a§urements of pres§ure distńbution as

1xrformed by Conł and Ferguson [3] qas],used. Frcm ihe experim€nt the pJ,q§§.llrc

resistance of the models wa§ estimated and.dełlłrcted from the total resistance, giving
the model frictional resistance. The experiment was carrięd out in the range d
Reynolds bumbers from 9.5 x l05 to 3.9 x 106. In Fig. 1' thę friction resistane

ó,_
ó*
0_
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Fig. l. Comparison between experimental and calculatod friction and pressure resi§tance coelEcients

Table 1
Results ofcalculation offriction and pressure resistance coefrcients for

ó&series models, Cr = 0,60, speed-lenglh ratio 0,5ó

coeflicient C" estimated experimentally is given for the speed-length ratio equal to
0.56 (Froude number 0.16ó). The values of fńctional re§i§tance coefflcient calculated
by means of the theoretical method adopted ar€ given in Table 1 for four geometri_
cally similar mod€l§ investigated by Conn and Fergtrson. Fig..1 shoys comparison
between the friction resi§tance coellicients calculated and found experimentatly. The
compańson shows good agreement belween the expeńment and tńe theory adopted
for the case considered.

' 2. Evaluation of viscous resistance componeffi

The descńbed method for calculating the skin fńction resistance of a ship form
was used to split the viscous resistance measured on ship models in the non-wave-
-making Froude number range into two main components, viz. the friction and
Pressure resistancę. This can be expressed in terms of nondimensional coeflicients as
follows:

Cr: Cr+Cr. (1)

Both the resistance components are assumed to be dependent on the body form and
the Reynolds number.

To find the necessary Reynblds number function it can be assumed further on

Ł l0-" 0.948 t539 L§ 3.tt!,

c. l0!
c| I0!

4.9g
0.2l0

il ll8
o42l

4.035

0i29
3-617

o.53t



that both resistance §omPonent§ arg proportional to the flat plate friction resistanceCro - ----- r'

Cp * {l+k)C.ro" t2)
Cp: k2Cpg, (3)

where k, atd ł, the are §o called form factors which expre§§ the influence of the fonncharacteristics on the skin fiction and Dressure resistancę. respectively. Equations (Żi
and_(3) can be accePted only ónder assumption that both ł, aic k, aienri run"tionŚ
of the Reynolds number.

Jhe c9ncePtion of form factors k, and k, is convenient in some ship resistance
analYses due to the fact that the complex viscous resistance function can simply be
TPre§:nled as a Product of two fitnctions, viz. a function of the fiorm puru-.t.r,
(lc, and k2} anó a ftrnction C.o of the Reynolds number. §ubstituting (2) and (3) into(1) we have

(4)Cy : (l +k}Cro+k.CFo

Cp: (l +kl+k'|C.a. (5)

Knowing the form factors {1+ł1) anó k, it is possible to esnmarc the friction andpres§ure t'esistance and the viscous resistance oi the ship form.
. In the Pre§ent PaPer both viscous resistance components are analvzed in terms of l

rence between the viscous resistance *"uro."d and the caiculated friction resistance
Cp: Cv-Cr. (8)

The viscous Pre§sure rdsistance coefficient C" estimated in this way for four geome_
tricallY similar models of the series 60 is compared in Fig. 1 with the pressure resis_
tance found experimentally by Conn and Feiguson [3|

e) The forgr factor ł, is estimated from eq.(3} as
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":a, (9)

The proposed method of analysis has bęen verified preliminarily by systematic cal-
culation of the resistance compon€nts and the range of separation for ship forms of
dilferent fullness and Reynolds numbers. By assessment of the trends of variation of
these characteristics with form parameters and Reynolds number the method can be
evaluated. Table 2 shows the results of calculations of the Reynolds number inlluence

Table 2
Inlluencę of the Revnolds numbeł on the resistance cottlpo[ents, C3:

:0.65, Ą = 0.1?

ln the resistance components and the form factors for four geosim'] models of the
series 60 (Cr :0,65). It can be seen from the table that the variation of the faetors
*ith the Reynolds nurnber is negligibly small except for the smallest model (Rn :
: 0.95 x 106), for which the discrepancy obtained can be explained by the inade-
quacy of the ITTC basic line used for the region of small R".

_ Table 3 presents thę result§ ol calculatlon of the relative length of separation

_i, zone as delined in Appendix 3. The calculations were performed for four series of
geosim" models of di{ferent block coeflicients, In this way the influence of the
Wness and Reynolds number could be studied.It can be seen from the table that the
;uggested method gves the results which could be expected in advance, viz. that with
rn increase of fullness the range of separation increases. No separation was found for
$e block coefftcient 0.65. Also the increase of the Reynolds numbęr leads to
:eduction of the separation region unless the Reynolds number is greater than 107.

10F &
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The calcula,tion shows that beyond this value the range of separation does not vary
with the Reynolds number.

3. Discussion of the assurnptions made

92

The basic assumption of the suggested rnethod as used in the present analysis, vŁ
that the form function /c: |+kr+k, (eq. (5D is independent of the Reynolds
number, requires more detailed discussion in the light of the results of recenl
investigations of the problem.

The research rvork carried out by Gadd on doubled models in the rvind tunnel
[8] showed that the above assurnition is not sitisfied only in the case of large
separation &rea on the Pody surface. Ifno separation occurs or its region is restricted
to a rather small area and the line of separation shifts towards the end of the bod1
with increasing Reynolds number then iican be assumed that ł is only a function of
form characteristics of thę body and does not depend on the Reynolds number. ln
practice this assumption is fulfilled for large rnodels of even full forms (CB : 0.83t
provided that R, is greater than 4,106" Accordingćo results obtained by Gadd it can
be further assumed fot such forms that the viscous resistance Cn (embracing thc
friction and pressure resistances) is proportional to the skin friction resistance ofth ]

plank as expressed by eq. (5). It yas also shown that the hypothesis of proportiona_ j
lity is not satislied in the case of bodies with large separation area or bodies wiń |

fixed separation point as, for instance, ship models with transom stern. For such I

forms s:eparątion drag does not change with the Reynolds number. However, becaust I
the friction resistance decreases with increasing R, the proportion of the separation I
drag in the viscous resistance increases. Therefore it can not be assumed in this cas€ l
that the viscorrs resistance is proportional tó the skin friction of a plank. Th. I
separation drag or base drag of forms with transom stern is relatively higher for thc I
normal size than on a model l

For the forms of large separation area or forrns with transom stern having .oo- |
stant separation drag with variation of Rn the following relation has been suggested I
[9] in place of equation (5) |

****,t****ru**i'}ł* Ipressure resistance. They follow different scaling laws and therefore should bc

ffi-]ril;l'; ##+*'t*,-*ffi|
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4. Influence of form parameter§ on the viscou§ resistance
components and length cf separation *rea

The problem how the form parameters affect the viscous resistance component§
and separation area has been studied by means of a statistical method. First of all 86

statistical data were collected in connection with model test results of ship forms
having block coeificients betwęen 0.50 and 0.90. The data were taken from [9, 10, 11

and 12]. .
For these models the friction resistance coefficient Cp, pressure resistance

coefficient Cp, separation area X, and form factors (1 + kr) and k, were calculated by
means of the method described in section 2. The results of calculation are given in
Table 4 for Cu > 0.8, and in Table 5 for Cu < 0.8, together with geometrical particu-
larities of the models. These values were plotted to find how the considered hydro-
dynamic characteristics correlate with the form parameters. Examples of the plots

Form parameters and hydrodynamic characteristics calculated for the ship model, C6 o OIaO" 
O

93
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Table,Fornr parameters and hydrodynarnic characteristics calculated for the ship nrodel, C, < 0.8
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Fig. 5. Relation between separbtion area X" and LlB for Cr > 0.8

are shown in Figs. ż to 5*. The plots show a distinct trend of changing the form

factors (l+kr) and k2 and §eparation area 7, with the length-breadth ratio LlB.
breadth-draught ratio B lT block coefficient CB and longitudinal position of the
centre of buoyancy X". Also the relation between the form factor k, and the relative

transverse section aręa at which separation of flow occur§ §, was established (with

Ę : §"/§r, S, being the midship section aręa.and the subscript § designating the

*'?i?iffrT'ii3; 
are included the values of separation area x" calculated for

Xs

b

a

4

3

2
,ł

++
** +++
+'

*
+

+

t-'x8
7

6

5

4

2

2
I

Fig 3. Relation between separation 
"..u 

Ę and LlB for Cg > 0.8

Fig. 4, Relation bętween form factor (l +lc1) and LlB fof C8 > 0.8

* For the complete set of plots se: Truong Sy Kap, D, Sc, Thesis, Technical University of GdańsŁ



|nn.!!,gg!Ęj| !!e Ship Viscous Resistanoe Components...

for Cg < 0.8,

for €u > 0.8.
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different draughts T 0.75 T 0.5 X and 0.25 T Table 5 includes also the shape factor
H, which is the ratio of the displacement thickness of the boundary layei ół and
momentum thickness 0 calcutated for the point of separatioń of tńe models with
seParated flow. lt can be pointed out that separation in two_dimensionat turbulent
boundąrY laYer occurs at Ł: 1.8-2.4. Extension of the two_dimensional boundary
laYer theorY to the special three-dimensional case of a plane of symmetry, mrioe by
Johnson, yielded the criterion of separatioo H" : t.8 tlł]. As it ij seen fróm Table 3
the shape factor f,l" for all the models with separated flow is larger than 2.

The relations betu,een the hydrodynamic characteristics considered and the form
Parameters were found by'statislięal method based on the regression analysis and the
least square method. When forming thć equations, conctusions drawn from correta-
tion plots were taken into account as far as the trend of a particular'relationship
wa§ concerned. The details of the statistical approach are given in [l5]. ln that
referenoe diflerent ąuations were tńed and sotved by statistical methid 

-using 
tne

data from Tables 4 and 5. Some combinations of form parameter§ tried were com_
Plex and led to complicated relationships. They enable-d the study of. influence of
form parameter§ to be performed as di<l the data included in Tablós 4 and 5. some
efforts were also undertaken to obtain certain simplified formulations for calculation,
(l +/c,), k2 and X". These are a§ follows

l +l<, = 1.15+ v.ercffi,
l.e/ ,

' 
N.§: 12.137# +1.279,

lr/
łz :0.0l 77 a9.5731==-#- -

(*),,,,+

ł, : 0.048 i:ą{i; +0.02

(il

(l t)

(l 2)

(l3)

5. Conclusions

To stud5' the complex three-dimensional florł, aroulld the shiir fornl an anatogr.
u'ilh a bod1' of revolution u,as applied. The simulation of the reat ship flou, by rnat Ór
the simPlified formralthough inadequate from tlreoretical poirrt of view,leads to some
conclusions which can have practical sigrrificance, pariicularly when the results
obtained are trcated in some statistical way. This refeis to the stutly of the influence
of forrrr Paramelcr§ on the flow characteristics of the ship form. From the stu<ly
a general tretr<l of the irrlluence of basic ship form param§rcrs on the viscous resistance
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alld its liictiorr arrd pressure ccrlnponents could be evaluatecl. Also tlre relation be_
tween the form parameters and the separation area coultl be investigated

The theorY aPPlied gives results which based on our previous knowledge can be
accePted qualitativelY. The calculations performed lprovide also many quantitative
informations and reveal some neu trends that shoutd be coŃrmed expeńmentally
on bodies of revolution and actuai ship forms

Rcceivctl by thc Editor. October l982.
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Appendix l 
,

The principles of the calculation method

a" Yelocity porential of the body of rev.olution

Calculation of the velocity potential as performed fotlowing Zazllrca,swork [!]. Fig. ó shows thccylindrical system ofcoordinates adopted 
""j ił," i"ri" quantiti; in"oluęo. iłr. noay ofręvolution in thccoordinate systcm is defined by 

R = 
^.Ur.
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Fig. ó. Cy|indrical §y§tcnr of coordinutes Mopr€d in ulculation of flo* charagteristia

}'ig. 7. Lwtion of singularity and v€l€ily Llmponen!§

hs motion can be described by tbe following velocity comr}onent§

Ux - radial velocity, U - a] N +U, - axial velocity.

The resultant velocity potentiat of the flow is a sum of the potential of velocity in infinity U, and tbe
potential of the induced velocity E(x, R)

. O: U,+qa(x, R)

and it satisfies the Laplace's equation

vz0: o.

The following boundary conditions are considered
l. If x or ft approaches inlinity, U,: IJ * - Q.

2. The resultant velocity vector must be tangent to the §urfac€ of the body at the point R : Ro(x).
Fulfillment of condition 2 leads to the following exprcssion for the velocity potentia| of the body

r x-ć
2UN,S(x)= lł(ś)u,ffi;łś, (l4)

{

rhere §(x) = tRć(x);4(ś) - strcnglh of rhc singutarity located at the point QG,0},Fig,7,



The resultant velocit1 can be expressed as ,,

U = J(UN+ I],|2ł|Jl.
Fo; R = Rc,

Sin;e

*e have
(Ur}ł=ro = Ro[Uł +(Ę)r=ło]

U" = Jl +/ró IUN+(U.)r.=ło].
The final equation for calculating the resultant velocity aiong the body of revolution is as follows

-_/ 
,i ,v_r \

\ a ul: of s ; ry] - ,",".;":'.Jj:-":j::nffi ł. *u.,,oo i, . F,"dh:'l:
e'3uation of the first kind and can be substituted by a set of algibraiclinearequatioRs of the type

_!,",*'', xr)s(xJ =!|xł, (1o

rhsre g(-ł'li is the unknown funąion. ,lt1 are coellicient§ found from tbe Tcbebycbetliormula l3 =b*o,
X. -- are abscisae corresPonding to the Tchebychetl divisioą X, are ebscissae correspondia*,o1*
secticn considered.

The set of equations (lól can be rctved by means of ńe Gauss method [2].

L Ęuivrlent body of rcvolution

The frictlorr resistanc of the ship can bc assumed to be ąuat to tbe fńction resistane of the cguivalent
bod1 of revolution. The equivalent bod) of rcvolution is defined by two conditions tbe pres§ure ield ąod
the,u'etted surface, The pressure licld ofthe śhip form is obtained from ńat ofthe body ofrevotution for
which the distribution along tbe lengh of tbe transverse §ection radiu§ is obtained fiom óe following
relarion

^=,@.Yt
g,,here §(x) is a tiansverse §ection area of tbe ship form at distaoce x.
. The radius of the equivalent body of rcvotution R, adopted for calculatioo of tbe boundary liycr

characteristics is found from the formula

ł,={,
n

wbere P is the wetted perineter of the ship form section.

Crlculstion of &€ bounder5 layer characteńtics

To calculate the boundary tayer characteristics rhc fotlowing ąuation for turbule_nt itow is adopted

(t 7)

, -(lt)

i

Appendix 2

f*tr*n{*-**=l",. (l9)



Jbe.aĘle ąuation is solveC b1 the so called parametń; merhod. similar to that applied in ths case of
liminar flou,. For the turbulent boundar-.r layer the follor.ing paramete§ can be used

_ r=tlo,,^,.,. ,:!;,;;
lt rn be shown that

{=śf) and H=HLfl.
T'ió thes€ paramelers eguation (t9) can be transformed into tbe form

f,=!,,ru,*#-r*Y,

Ftf')= (1+nl;-[3+z +|1 +n|Ą.f.
Tbe function GlRjt; can bc evaluared b3 dillerent methods for ńe region; far au,a1 from the boundary

laYerseParation point and clox to that point. Loitsansli.t..,[l6] suggested the follou.ing functions aloni
óe body for a complete!.1, turbuient boundary layer

rbere

{ilr

{2l1

C(R;'): l53.2 R;,,,6

ttusforn=i

-n be obtained from eq. (2l).
Tbe function can be presented in the form

FLf ) = a-bf,
vherp a = 1.17 and D = 4,7 + 4.8.

§olution of ą. (20) leads to the follol.ing ąuation

tlx| = 1.17 -. 
U_r§| r

U:3 Nft jUlĘ13,1,ąlęlltoą;, (2?l

o

BY means of Óe functionflx) tbe following quantities can be found: ńe momentum thickness B, rangential
gtrcss cocllicient a, §bap€ taaot H(J| local stresses ro and skin fńaion resistanx R.

a = _fr,-
U;G(Rj,),

ł = 1.0 + 0.1 3ó7f + o.a$f 2 
+ o.o0333/3,

R = 1.4 - 0.070/+ 0.029 l 3/2 + 0.0t 083/l + 0.00 l ó06/1,

śUlpto :;--_ (26)
C(R;ł;,

R;: 
{rol§ Q?\

cr=,#irś p8)

lo casc of a bodY of large fullness Óe proccdure for calculating óe boundary layer cbaracteristics will be
ńe ragre as outlined abovc for Óc region some distane apart ftom ńe sepaiation point" but it will diltcr
for ńe region do§c to tbat point. In the latter case, ńer the function/(x) has been found, tbe oerł, function

.u, =;-(? -i,),

(23)

(24)

(25)
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fi"t} should be introduced

wheref, is the shape factor at the point o[separation estignater! experirnerrtally,.ń - 3.3 + Ó.8 [l6l,
F-or calculetion oi 0" {, f{ and r" equations (23i, {ż4), (25} arrd (2ó} are appiied" le§pęetively, with

lrx} being used instead of the functian.f The oeparatioł point § delrned by t&re ąuality to =0.

Appendix 3

:

l{umerieal exa§E}pi€ of calculatioar o§ the ship viscous r€§iste!?ee co§nponent§

The cłrleulation fi,ethod described in Appendices l łrnd 2 was applied to compute the velocity potential,
vclocity distribution, boundary layer characteristies and viscous resi§tance compon€nts ofa tanker modeI
of ihe follorł,ing charactenstic paiametes:

length on watcrline
length ktwcen pcrpendiłu!ars
mean draugth
brcadth
displacement
wetlcd surface
błock coeflicient
The calculated eharacteristics of an equivalent body of revolution, viz,

T
§(ł : f y{łdx

0

P
Ro(j) = -,

1l

are pres€oted in Fig, B.

Tbe potential q(9 and the velocity along the hul! uvere evaluated followilg ąuations(l4) and (l5}
Thc boundary laycr chalacteristics 01l}, ll1i) and To werc calculąted by rncans of equations (23), (25) and
(2ó), rcspectivc|y. Tirc results of calculation tar V:1,26 m/s arc shown in F'ig.9,

The skin friction resistance R, and its coellicicnt C" were calculated according to ąuetion§ (27) end

i28}, respectively.
For the ship forrn consielered in the present example the total resistancc coelticient C7 is known from

experiment for wide range of Froude nurnbers Fo. Assuming that in the non-wave-making range of F" the
only component of the total resistance is the viscous resistance,

Cr=Cv
and c, = cr*cpaccording to the a§§umption rnade previously.

Having the skin friction coelficient Cp calculated theoretically by the method describ,ed in Appendices
l and 2 we,have

Cp: Cr-Cr.
The form factors ł, and ł2 are calcutated using relations (6) and (9).

q29t/r"):,f,

Lrr.: 8.549 m
Lpp: 8.3?4 m

T: 0.5ó8 m
B: I.373 m
D; 5.525 kG
§= l8.503 m2

Cł = 0"834

R(ł: f§!ł'vfi

(30)

{3l)

(32)

]

l

i
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,.7t?40' ola W !0.186 l|s ł.22s tF łł.9l0 tF ł?2!1 ł!ó

Fi8. iu, Resi§aan€€ componcnts of thc lank€r calcular€d by rhe propoced m€thod

As was stated above the point on the body §urlac€ at which t" = 0 was takęn a§ th€ boundary layel

separation poinr. The distance between the point and the trailing edge is designated by X. and expressed

nondimensionally as

X-
X, = _:, 196,

Fig. l0 presents lhe re§ult§ ofcalculation for the given example,

Badanie składników oporu lepkości statku oraz ich zależności od parametrów k§ztaltE
kadluba m pod§tawi€ malogii do ciala obłOtow€go

streszczęnie

Celem pracyjest badanic zateżności sktadników oporu statku od parametrów kształtu kadluba. Dla
wyodrębnienia skladników oporu, tzn. opór tarcia i ciśnienia, z oporu lepkości opracowano mctodę

obliczania oporu tarcia opierając się na koncepcji równoważnego ciala obrotowego. Zgodnie z tą kon-
cepcją charakterystyki przeplywu potencjalnego statku oraz charaktcrystyki warstwy przyściennej można
obliczyć poslugując się analogią ksztaltu §tatku i ciala obrotowego. Obliczony na tej podstawie opór
tarciuzgadla się z wynikami badań cksperymentalnych. Opór tarcia policzono następnie dla 8ó modeli
§tatków, których opór calkowity zrrany byl z badań eksperymentatnych. Obliczony o1ńr tarcia przyrówna-
ny następnie do oporu lcpkości znirncgo z doświadczenia dla ,,bczfalowego" obszaru liczb Froude'a po-

zwolił na wyznaczenie oporu ciśnienia spowodowanego lepkością wody. Oba skladniki oporu: tarcia
i ciśnienia wyzndczpnc dla rozważanych morleli są następnic przcdmiotem analizy staly§tycznej, mają€
na cclu wyznaczenie ich zalcżności od parametrów ksztaltu kadluba.
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KccłreAorame noMnotr€uTloB oonpo,rnBn€Hf,t Bfl3l§ocTf, cylpa a TaIffie n!( laBacmrocTx
oT napameąnr Qoprnr cy1pr aa ocuoBe t§a.nornn K oclocnumeTpf,qHoĘr TenY

Pegroue

Ęelrro pa6orruBjrrelp, rł@JIeAoBaEnę 3aBEc§MocTu roMIIoEeEToB co[poTlłBr€gx' cyAIIa oT na-

:LuerpoB Qopug xopnyca. ,{,rrx rrłAe.neimr roMnoĘeHToB colrpofiBneHuff, T.e. conpoTlłBJIeE[' Tpetru'

N _laBJIe11E, E3 conlxrT{BJlerfi, Br3xocTlr, pa:pa6oran MeToA pacqeTa cotrpoTllBnelfi{ TPeHu' Ha tx)EoBe

@a 3xB&BaJlerrTgono o§m,rłr€Tplmrcro reła. Comacgo c yrofi rłIeefi xaparT€pn9ruxa noTerilSaJIBIIoro

]F€Er' cy.Fa, a Taxxe xaparTep!rcTrrr[ norpaElfiHoro cJIo, MoxHo BbIqrcJ[lTb lloJrliyrcb all€uorilefi

6TM6I cvłFa !r ocecrMMeTpf,tlroro.T€ra. Brłqrłcaerrnoe na eroń oclroB€ cotrpoTlłBnełrn€ TP€Hn coBna-

1!€T c p$ynbTaTaMlr 9xcIIĘnM€rrra$bHI;DK IłccJI€AoBarłd. Brrqrłc.irexxoę conPoTl{Bnenilę Tl)€l{rlr,

EaBEEBa€Mo€ 3ąTeM c co11poTgBnefir1eM Br3NocTIl, It3B€cTtItlM rlt o[blTa ,Ą.lt ,,6e3Bolttosoń" got{b,I

,ncea ópyAa, Eo3BoJIruIo otrpeAąIrłTb conlx}TnBreglłe AaBJIegir, BBrgBąEIIo€ Br3xocTbto soAĘ. O6a

lĘń{IoBe11rLI coilpoTrrBJrcł{łr: Tpeurł, Ił AąBlreimą onpeApJIeHH[łe Allf paaciłaTplnaei/lDt uoAelefi, fBJIrroTc'

|]I§TEM npeAMeToM cTaTucTtrtl@xoro afiaJru3a, qeJIbIo roToporo,BJrr€Tc' onp€Aenelfie ux 3aBIłcIłMocTIł

r::r uapaverpop óoptr,rrt (op[y&r.


