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a narrow range of tasks relating to re-
sistance proper, now the attention of
the Committee is attracted to more gene-
ral problems of the flow around the hull
as well. The list of the basic problems
alone includes a number of fundamental
studies and methodologicel work.

At present the most important are the
following two problems: the two-dimensio-
nal viscous flow and potential flow
around the hull. Although both the prob-
lems were initially associated with vis-
cous and wave resistance tasks, the im-
portance of the flow-near-the~hull stu-
dies is beyond the problem of resistance
and 1is of no less interest in solving
the tasks dealt with by the Propeller,

Cavitation, and Performance Committees

Valuable results in the boundary layer
studies have been recently given by the
semiempirical theory of three-dimensional
boundary layer, Reasonable quantitative
data were obtained for the shallow boun-
dary layer., Worthy of notice are the com-
parative calculations of the boundary
layers of ships, which were undertaken

on the initiative of the Committee and

-the Swedish Meritime Research Centre.
They show that until now the guantitati-
ve estimates of the layer behaviour at
the aft end have not been accurate
enough and much effort will be needed
in the future to improve the semiempi-

. rical methods of computation. Alongside
with the questions listed in the Commit-
tee Heport, which are still to be cla-
rified, it is essential that the deter-
mination of the potential flow characte-
ristics needed for starting the boundary
layer calculation should be more accura-
te, " the laws of resistance " in way of
the after end and the turbulence model
should also be improved. The next step
in this direction will be preliminary
accumulation of detailed information on
the real flow. In this connection the

Committee's proposal on carrying out
joint comprehensive experimental studies
of the boundary layer for various sha-

pes of ships should be encouraged. In
the course of further development of
work in this direction it is advisable

to combine and co-ordincte the efforts
of all the Committees concerned in the

solution of the primary tasks of impro-
ving the methods for the determination
of flow parameters,

The second problem, which is potential
flow around the hull, is directly concer-
ned with the determination of the wave
resistance of ships. A great contributi-
on in this area was made by the Committee
and the DTNSRDC who organized and car-
ried out discussions of the results of
wave resistance calculations for & num-
ber of ship types. The results showed
that further development of computetional
methods for the determination of wave re-
sistance under linearized boundary con-
ditions would be unreasonable, The pri-
mary
development of algorithms for the calcu-

emphagis should be placed on the

lation of wave resistance within the non-
linearized boundary conditions. The prin-
cipal object of this work should consist
in the accumulation and analysis of test
results, which subsequently would pro-
vide an unambiguous answer to the ques-
tion of the possibility of practical ap-
plication of wave resistance theory. In
this respect further work under the co-
operative program for 4 models of vari-

ous types of ships should be appreciated.

Despite & number of studies where attempts
are made to find wave resistance with
consideration for the viscous effect of
fluid, no reliasble numericel data have
been obtained so far. Consequently, stu-
dies on the theory of wave resistance in
viscous fluid should also be continued,

It should be desirable to consider the
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possibility of using some conclusions
and theoretical results for the solution
of such problems as elaboration of

methematical methods for hull form design

and asseament of changes in propulsive
performance due to deterioration of the
hull and propeller surfaces.

The aforesaid and the very interesting
report by the Committee show that the
future Committee will be faced with
the tasks which are serious and very
important from the practical point of
view,

V.S.SHPAKOFF - Krylov Shipbuilding
Research Institute, Leningrad, USSR

ON CONSIDERATION OF SERVICE CONDITIONS IN
THE INVESTIGATION OF VELOCITY FIELD IN A
PROPELLER DISC AND SHIP RESISTANCE

The Resistance Committee report submit-
ted for discussion at the 16th ITTC pro-
vides a thorough analysis of the present-
day state of the theory and experimental
facilities used to investigate the com-
ponents of ship resistance and characte-
ristics of flow around the ship hull.

It seems useful to touch upon two items
related to the corresponding sections

of the Committee's report, namely, on the
investigation of the velocity field be-
hind the hull and of the effect of ro-
ughness on ship resistance,

I. In recent years consideration of ser-
vice factors in solving the practical
problems of ship design has been used on
an increasingly wide scale, This is dic-
tated by the increesed requirements for
ship economiceal efficiency, reliability
and hebitability.Therefore, when spea-~
king of velocity field characteristics
behind the hull which provide important

initial information for propeller design,
calculation of ship propulsive perfor-
mance and prediction of unsteady hydro-
on shafting and hull ple-
ting, it appears that today by the above

characteristics should be implied ones
which correspond to real conditions of
ship operation., Here are meant, mainly,

dynamic loads

long~term operating conditions such as
motion in a seaway which causes the
ship oscillaetions, trevelling in shallow
water or in the water-ice two-phase me-
dium ., As yet, theoretical approach to
this problem has been fairly difficult,
also rather complicated is the experi-
mental procedure involving the measure-
ment of instantaneous values of flow
velocities near the hull. Nevertheless,
in the recent years The Krylov Ship Re~
search Inr*itute and, judging by publi-
cations, Japanese investigators have ob-
tained & number of interesting results
of practical importance characterizing
the mechanizm of velocity field varia-
tion in course of ship oscilleiion, which
gives rise to considerable fluctuation
of unsteady hydrodynamic loads in the
propeller-shafting system, The same
thing can be said of the shallow water
conditions whose influence on flow non-
uniformity in the propeller disc places
certain requirements upon the stern fofm.
especially that of inland vessels,

Some rather unusual results of the model
study of propeller-nozzle system opera-
ting conditions due to interaction with
ice, when, as the results of self-pro-
pelled tests in ice basins and full-asca-
le observations show, its thrust charac-
teristics drastically decrease, and vib-
ratory loading on propeller blades in-
creases, have also been obtained recently
and are given in the Papers of our Iasti-
tute, prepared for this Conference.

The above can, to a degree, serve as an
illustration of the importance of the
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ITTC Executive Committee suggestions re-
' garding a more close coordination of the
efforts of the Technical Committees in
solving the problems which are on the
Junction of their scientific interests.

2, The review of published papers given
in the Committee Report indicates the
attention which is given to the problem
of investigating and taking into account
the effect of hull roughness upon its
resistance, One can distinguish two
main trends aimed at solving this problem;

- determination of roughness allowan-
ce directly on the basis of ship full-

-scale triasls in various stages of ope-
ration;

= determination of roughness function
on the basis of experimental sample tests

with subsequent extrapolation to full
scale conditions.

In shipbuilding practice the resultis of
tests carried out under item I in the
form of various empirical formulae have
been already used to determine roughness
allowance, On the contrary, the lack of
identity in the geometiry of roughness of
the test specimen and in that of the full
scale hull becomes a serious hindrance

to practical use of the rééplts of tests
carried out under item 2,

The investigation into hydrodynamical
menifestation of roughness function se-
ems to be more promising as more under-
standable physically and offering to
obtain not only integral but also local
flow characteristics in proximity to the
ship hull. In the above-mentioned Papers
of the Ingtitute some findings on this
problem are also given. Here I would

like to note only that to avoid the main
difficulty - the reproduction of real
geometiry of hull roughness - test speci-
men manufactured in the form of circular
discs were painted according to the sche~
me accepted in shipbuilding practice

and then kept in the conditions identi-
cal to those existing during ship'out-
fitting afloat. Roughness functions ob-
tained on the basis of experimental spe-
cimen tests relate to the same scheme
of painting, that is their change depends
only upon the time of specimen beéing in
water,Also records of geometry statisti-
cal parameters were made after the tests
on determination of roughness function
were carried out, The measurement data
indicate that during the time when test
specimen are in water, not only the

height parameters of the roughness but
also roughness geometry structure are

changing.

Future investigations of the Institute
in this aspect suggest further study
of the roughness characteristics and
their effect for service conditions,

T.TACHIBANA - Instituto de Pesquisas

Tecnologicas do Estado de S&o Paulo
S.A. = IPT, Brazil

INVESTIGATION OF SHALLOW WATER EFFECTS ON

SHIP

A Sinkage Prediction Method

This theoretical investigation has been

developed in Sao Paulo Model Basin on

gasdynamics theories, as suggested by

Prof. H. Maruo of Yokohama National Uni-

versity,

Maruo (2) presents the following expres-
sion:

de dv 7 ’zzﬁ-fa'iﬂw'.fﬂ”

dx dy gk ax ax

— ———

v? ay) (1)

Considering a slender body with small
relative angles in & uniform stream
where discontinuities ( like shock wa-
ves ) are sufficiently weak and undis-
turbed velocity ( v +¢, ), then when
1;’&11 i-%’ ’ZI'¢" ? i;l.¢l!9 EI‘?I]: V!‘¢yx

it follows that :
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where F2 = g -h—° C= - 2
° : = fx *B (x)°dx

2
v
In order to solve equation (2), jump con-
ditions of discontinuities for quasi-li-

near systems expressed by conservation fx * B(x) * dx
laws ( Courant & Hilbert ) are introduced: CA= - fB (x)-ax
) - 358 S 0 @
(’ - Fg) 5 (Il’ al) (V1 Vg) =
f X+B (XZ'dx
where: uy, vy . upstream shock velocity CB= - fxz. B (x)-dx

Uy, v, , downstream shock velocity
* h = water depth

And as boundary conditions: FNZ- _U_a
ip ig &b
. (17—5/-)92,- (_pde =0 . s = sinkage
t = trim

b) ¢,(x,0) = P' (x) inside body
Bo= ship breadth

¢) ¢, (x,0) = O outside body L = ship length

Then a solution for shallow water is ex- d = ship depth
pressed by and
7 X -z
¢(x,y)-——/f CT) oy
B (x-5)°+£%Y L o / v )(x I;)zﬁ(y 7’ ~dedy
267 2 ap {r-crF y-1]

? Sl 4
T'ﬁ// ey A rEA .

where u_ is a 1linear part derived from
the first integration of expression (4).

2
where g'm 1 - F,

COMMERTS

For correlation of theory and experiment :

Inui's Mathematical models were used and 8. The present theory is more accurate
sinkage and trim were calculated using the than the other theory, when we take &
following expressions : direct integration of shallow water equ-

ation.
2 CF -« CM « CA
s/L'= 7% { W/1) "1 -Ck.CB b, The sinkege, how the experiment, is
function of :
2 CM - CB » CF depth/length rate
t/L=sFN (nL) — —————— depth Froude number
‘ 1-0CA-CB breadth/length rate
where breadth function
fu ( ) B (x) . ax c. The theoretical and experiments results
CF = - of slender body are very clese.

3@ . &
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d. The aerodynamics and gasdynamics ‘
theory is applicable in ship hydrodyna-

mics

shallow water problem, how the

Feldman & Lea.

e, The difference of results are compu-
tational approximation and coneidera-
tion of ideal fluid.

MODEL'S CHARACTERISTICS

Number of Model 166 165 158

{ Lenght (m) L 1.500 1.500 3.048
Breadth (m) B 0.100 0.125 0.435
Draught (m) T 0.100 0.100 0.189
B/L 0.067 0.083 0.143
T/L 0.067 0.067 0.062
Displacement (kg) 17.750| 18.200{ 130.30
Wetted Surface (mz) 0.436 0.488 1.633

1.

2.

3.

4,

5.

6.
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H. TANAKA - Ship Research Institute,
Tokyo, Japan,

STUDY ON PREDICTION OF TRAILING
VORTICES OF SHIP

The summaries concerning flow near ship
stern (2.4) and trailing vorticity (2.5)
are quite interesting,The trailing vorti-
ces have a serious influence on the flow
near stern, neverthless , the true asgpect
disappeared for lack of the data. I
would like to explain recent experiences
on this problem.

Experimental studies on trailing vortices
of ships have been systemetically per-
formed by Tanake and others of the Ship
Research Institute ( SRI ). A factor
that has a significant influence gn wake
distributions of full stern ships seems
to be their trailing vortices , however,
so far no definitive study has been made
of the relationship between distributi-
ons of wake and of vorticity.

In order to find a controlling factor of
strength of the trailing vortices, the
authors intend to analyze the data of
. vorticity distributions on a propeller-
disc-plane, which are steadily aeccumu-
lated in SRI, An example of vorticity
distribution is shown in Fig.1 comparing
with itswake distribution. A current
result is shown in Fig.2 in which the
strength of thé'trailing vortices is pre-
sented as & function of bottom-area-coef-
ficient, TA:-.QN(Z.(])%— ( A4y ; DVbottom-
area, Cw(Z'ﬂ)'iE- , water
plane coefficient aé bottom of ship, L
and B ; length and breadth of ship res-
pectively).

The strength of trailing vortices may be
surely represented by the circulation co~-
efficients, — using measured circula-
tion (') on & propeller-disc-plane at

velocity, U . It is experimentally
confirmed that the circulation coeffi-
cient hardly changes by alternating

1) length of model, 2) full and baellast
load conditions (but not extremely shal-
low draft), 3) Froude number and 4)to-
wing and self-propelling conditions.

Contrary to expectations, a result of the
analysis showed that fullness of an after-
body of ships or run angle does not seenm
to be adequate controlling factor of the
strength of trailing vortices. Consequ-
ently, the author found that the bottom-
area-coefficient made definite relation

to the circulation coefficient, as in

Fig. 2.

It is well known that wake distributions
of full stern ship are partly concentre-
ted 80 that its wake contour diagrams
make a couple of "eye" as in Fig.1. Fig.2
also shows that there are two categories
in wake distributions with "eyes" and
without "eye" (having normal wake con-
tours) and their trailing vortices have
different characteristics,

Untill extending theoreticel studies will
be finished, the bottom-area-cocefficient,
by itself, is not a complete criterion
of the trailing vortices. According to
the present analysis, it can be imagi-
ned that accumulated vorticity in the
boundary layer of a bottom of hull plays
important role for generating the trail-
ing vortices,

In this study, vorticity distributions
were measured by the rotor-type vortex-
meter developed by Tanaka and others,
which were minutely explained in

Ref. 1.
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-on the Structure of Ship Vortices Gene-
rated by Full Sterns, 12th Symposium on

‘Neval Hydrodynamics.
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Table 1 Measuring Conditions
and Particulars of Model Ships
Model Measur. Cond. L
Ship g L/B B/a Cp
Load. Cond.| Froud. No. | (meter)

A F 0.28 5 7 2.3 b.602
B F 0.20 8.2 6 3.75 {0.711
c " 65%F 0.18 7 6 2.76 | 0.799

D1/Dy 65%F 0.18 7/4 [ 2.76 | 0.810
E F 0.21 8.4 5.7 2.9 0.801
F 658F 0.18 7 3 2.76 {1 0.828

(F, Full Loaded Cond,)
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Pig.2 Relation between circulation (I)
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of Models,

HAJIME MARUO - Yokohama National Univer-
sity, Yokohama, Japan

A NEW SLENDER SHIP FORMULATION FOR
STEADY FORWARD MOTION

The usuel method of computation of the
flow around the hull depends on the ap-
proximation that the surface of water

is undeformable like a rigid wall, How-
ever it is known by the flow visualiza-
tion that streamlines over the hull sur-
face differ considerably from those of
the (ouble model and the inclusion of the
effect of free surface evaluation ic un-
avoidable for the determination of flow
field around the hull which is necessary
for the bour.iary layer calculation, un-
less the Froude number is extremely low,

No reliable method has been established

so far, in respect of the accurate com-
putation of the flow field around practi-
cal hulls when the free surface elevation

‘Kelvin

is taken into account. A possibility is
expected in the employment of the Neumenn-
approximation which assumes the
linearized free surface condition but
deals with the body boundary condition

in its exact form. However the process
of solution of this method is by no means
simple, because of the complication of
the kernel which appears in the integral
equation to be solved, and existing com-
puters available in ordinary towing tanks
and research laboratories are short of
capacity for the purpose of computation
with sufficiently high accuracy for
practical Cfeasibility. Therefore we
should have much advantage in practicsal
applications, 1f any other method which
is simpler than the Neumann-Kelvin ap-
proximation would be available.

The method, which is introduced here, is
an approximation derived from an appli-
cation of the slender body theory. The
slender body formulsation for & ship in
steady forward motion was first presen-
ted by Vossers. Then Tuck rearranged it
by the use of matched asymptotic expan-
sions. However numerical results for
wave resistance by this theory have been
very disappointing,
cies Dbetween theoretical computations
and tank test results even condemn the
slender body approximation as almost
useless,

Serious discrepan-

The approximation we are considering

here is not similar to the above-men-
tioned theory. It is basically equiva-
lent to an approximatiocn for the kernel
function of the Neumann-Kelvin problem
by means of the slender body assumption.
The boundary value problem will be simpli-
fied to a considerable exteant by use of
this approximation.

Consider a uniform flow of velocity U
in the direction of positive x taken
along the longitudinal axis of the ship,
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and take the axis of 2 vertically down-
wards. In order to find out the aaymp-
totic expression of the velocity poten-
tial for a slender ship, the lateral
length in y and 2z directions is measu-
red by a different scale from that of the
longitudinel 1length in x direction,in
such a way that we employ distorted co-
erdinates x* = x, y* = y/e , 2* = 2/¢ ,
assuming & small fraction E£=~1
Expanding the Kelvin source with respect
to £ and discarding terms of the order
of £ , we obtain an approximate expres-
sion for the velocity potential near

the hull as follows.

9-0+9, (1)
with

W d P22 )
f _ _.)&,(iﬂ_(.__)_dg{y',z') @
J0(T) av

(-4 e @e2f

1 f., , .
| Un " / dx [x/(.ﬂy (hy/z-z /)f{m(,y,(;,/z-ﬂ,m}

* {7*25911(1-1’)} —2#,]/;,1», hids(y,2') +

X o0
+ ZF f J.r’/‘;m i@y Faz',y-y,2)dy 3)
where C(x) is the contour of the trans-
verse section of the hull at x,V is
its outward normal in the transverse
plane, b{(x) is the half breadth of the
section, Ko= g/Uf and V, aend V, are de-
fined by

Vo= 00, /0y (4) , v;-do,/dz,_, )

The function E(x,y,&) is defined as

f(2,4,2)= /0 “e'”: 2 tos(dy) sin(u¥lgz) du  (6)

and is expressed by the complex Fresnel
integral.

The boundery condition on the hull sur-
face is expressed as '

Vo=-Uny - g:” (1)

Where ny is the direction cosine of the
outward norzal of hull surface to the
x axis. If V, is assumed to be knoln.

the potential is determined from eq.(4)
by means of the conformal mapping of the
section onto a unit circle in a complex
plane, Since V, is determined by Vp,
eq. (7) provides an integral equation for
Va .+ An advantage of this approximation
is that the solution of the integral
equation does not necessitate the comp-
lex matrix inversion, and the boundary
value problem becomes of the parabolic
type instead of the elliptic type of the
Neumann-Kelvin = problem. The marching
process can be effectively applied and
numerical solution becomes much less
labopious. The calculation of the flow
field, such as velocities and the pres-
sure distribution, is easily obtained
from the differentiation of the velocity
potential.

The wave resistance is determined from
the momentum analysis of the far field
expression of the velocity potential, - '
The assumption of the slender body simp-
lifies the expression derived from
Havelock's formula. The approximate for-
mule for the slender ship becomes then

R=%-ph; f /f Jt/ AL ul.y#)tly/ dv+
‘¥t / h/cm s d't’cm V,,a's_[ 51'37 i

-%’,’V,{L(:-z")f (z 7 Y{II (z- x}j] (8)

The first term on the right hand side
gives the wave resistance due to
diverging waves and the second term gi-
ves the wave resistance due to tranaver-
se waves,

It is expected that the approximation
presented here will provide a practical-
ly feasible method of computation of the
flow around the hull, as well as the
prediction of wave resistance.
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K. EGGERS - Hamburg University,Hamburg,
Pederal Republic of Germany

ON LINE INTEGRAL TERMS

The topic of line integral contribution
to wave flow and wave resistance has
been on the agenda of this Committee
attention to
some

ever since it
questions of wave

turned its
resgistance
twenty years ago. It is the discusser's
belief that some of the intensive de-
bates in our community could have been
smoothened if a concise terminology had
been elaborated at an early stage.
Therefore, if even in the present report
reference is made to this controversial
issue, such statements should be made
- free from any ambiguity and safe against
misinterpfetation. This is my motivati-

on for the following comments.
(i) Contribution to the flow field.

Under 1.2.1 {(Computational methods) we

read that " a line integral contribution
hull and
the undisturhed free surface is automa-

along the intersection of the

tically included in the Neumann-Kelvin
formulation and in the low-speed theory.,”
As far as the Neumann-Kelvin problem is
concerned, & source line integral must

be taken care of explicitly in order -’
to achieve regularity of the flow
nerated by a surface distribution over
the hull and this obviously can not be
achieved by whatever 1line integral
term if we start with a normal doublet
distribution*),

it was only Tsutsumi's ap-

surface Ag far as I
am aware
proach which

regularizing line integral

clearly incorporated a
term,

The next sentence reads: " A line integ-<
included in higher-order
even when the ship hull boundary

ral is also
theory

condition is
believes to have demonstrated once and
for all at least st the 1976 Tokyo se-
minar that the consistent second-order
potential may be generated from surface
source distributions only, i.e. without
any line integral term. And more recen-
tly, in appendix C of the paper quoted
by Eggers and Gamst, he showed that the
first-order thin-ship potential has the
proper 1l1limit of normal veiocity even
under a sidewise approech within the
undisturbed free surface. Hence a line
integral " correction " to Michell's
potential must disturb the regularity
of the flow in the water line ares,
quite contrary to the situation encoun-
tered with the N.-K, problem. This is
why the discusser feels embarrassed
with regard to frequent lack of discri-
mination between the Neumann-Kelvin and
the Michell approach.

linearized". The discusser

(ii) Contribution to resistance.

Under 6) of workshop findings, with spe-
cial application to transom stern ships,
& "hydrostatic pressure drag" is refer-
red to, defined as ffﬂ;za’&' -/pg;’/?a’y,
where the integration is over the non-wet-
ted part of the transom up to the undis-
turbed free surface z=0, ( the effect
of trim and sinkage may be included) and
where § stands
This is obviously a meaningful complement
to any resistance calculation performed
through integration of dynamic pressure
( obtained by whatever method ) over the
wetted part of the hull, in particular

for the wave elevation.

"for speeds larger than-that for which

incipience of transom -emersion is obser-
ved and whkere this component divided
by U2 attains its meximum value.

It should be observed, however, that
under the usual linearisation of the free

surface condition and the consequent
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lirearisation of wave height it 1s the
line integral term pgz’/2dy

( with orientation such that the con-
tribution of the stern is positive) which
must be _subiracted from & normal pres-
sure integral over the hull surface up
to z=0 in order to take account of the
wave profile for evaluating pressure
resistance, whereas addition of this
term yields the (far-field) wave pattern
resistance, which is equivalent to the
conventional integrals over a weighted
amplitude ( Kochin function ) squared.
The non-coincidence of these two expres-
sions is a consequence of the inconsis-
tency committed in
free condition,

linearizing the
tut not the
condition. The magnitude

surface
hull boundary

of the difference term, i.e, twice the
line integral introduced above, indi-
cates how far the use of such simplifi-

cation is permissible,**)
*) On the irregularities of the
end how to

wave-
-flow due to source panels
compensate them by adding Kelvin-source
line elements. Contribution to the conti-
nued workshop Izu Shuzenji, 10~12. Oct.
1981,

**) A method for assessing numerical so-
lutions to the Neumann-Kelvin problem.
Contribution to the Izu-Shuzenji depth
study meeting May 16-18 1980, published
in an appendix, p. 526 ff of the
Washington workshop proceedings.

K.TAMURA and E. BABA - Nagasaki Tech-
nical Institute’Mitsubishi Heavy
Industries Ltd., Nagasaki, Japan

WAVE-RESISTAJCE STUDIES APPLIRD I

HULL FORM DESIGN PROBLEMS

In the Resistance Committee Report main-
ly discussed are the fundamental studies
and the prediction methods of ship wave

is prepared

resistance, ‘ship boundary lasyer and ship
viscous resistance. Besides such funda-
mental studies, effort to improve hull
forms and to find means to reduce ship
resistance components has been also de~

voted,

In the Cbmmittee Report, however , the
studies related to the applicaticn to hull
form design problems are not reviewed.

The present discussers think that the ac-
tivity of Towing Tank in this area is
also important. For reference & list of
papers published in Japan after 15th ITTC
end some comments are added,

(1) TSUTSUMI, T., 4n Application of Wave
Resigtance Theory to Hull Form Design,
Journal of the Society of Naval Architects
of Japan, Vol. 144, Dec., 1978,

(2) LIN, Y.J. et al.,, A Hull Form Impro-
vement by Guilloton's Method, Journal of
the Kansai Society of Naval Architects,
Japan, No.172, March 1979.

(3) MIYATA, H., et al., On the Optimiza-
tion of Aft-Part of Fine Hull Forms (First
Report)
of Nevel Architects, Japan, No.177, June
1980.

(4) MATSUI, M. et al., A Method for Opti-

, Journal of the Kansai Society

mization of Ship Hull Forms bssed on wave-

-Pattern Analysis Dete, Journal of the
Society of Naval Architects of Japan, Vol.
147, June 1980.

(5) TAKEKUMA, K., Hydrodynamic Design
and Development of High Speed Cellular
Container Ships in MHI, Mitsubishi Tech-
nical Review, Oct. 1980.

(6) MIYATA, H. et al., Resistance Reduc-
tion by Stern End Bulb (First Keport),
Journel of the Society of Naval Architects
of Japan, Vol., 14E&, Dec. 1980.

(7) SAKAO, M. and SHIMOYAM4, N., On the
Stern Waves of Transom-Stern Ships, Jour-
nal of the Kansai Society of Naval Archi-
tects, Japan, No.179, Dec, 1980.

(8) LIN, Y.,J., et al.,0n the Optimizati-
on of Aft-Part of Fine Hull Forms (Second
Report), Journal of the Kansai Society
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of Naval Architects, Japan, No.179,Dec.
1980, '

(9) LIN, Y.J.et al,, On the Optimizati-
on of Aft-Part of Fine Hull Forms (Third
Report), Journal of the Kansai Society
of Naval Architects, Jdpan, No.181,June
1981.

(10) MIYATA, H.et al., Resistance Reduc-
tion by Stern End Bulb (2nd. Report),
Journal of the Society of Naval Archite-
cts of Jepan, Vol,149, June 1981.

Papers by Tsutsumi (1) and Matsui et al.
(4) deel with the application of wave-pat-
tern analysis to hull form improvement,

A series of paper (3), (8) and (9) by
Miyata et al. and Lin et al., show the re-
sults of efforts on reduction of wave
resistance of aft-body and on improve-~
ment of self-propulsion factors,

A series of study by Miyata et 8l.(6)and
(10) make us aware of the importance of
study on ship stern waves., The volume of
stern-end-buldb is less than 1% of ship
total displecement volume snd it is loca-
ted in ship viscous wake piercing the
free-surface, Based on model experiments
Miyata et al. explain that the stern-end-
bulb is effective in reducing linear
stern waves and weakening free-surface
shock waves at the stern. About 5% of po-
wer saving has been confirmed by speed
trials of 100 m class passenger with
stern-end-bulb,

Because of the complexity of flow around
ship stern, much effort has been devoted
hitherto mainly in reducing bow waves,
However, the studies by Miyata et sl.,

Lin et al., a study of submeiged stern
bulb by Takekuma (5), and a study by

Sakao -and Shimoyama on stern wave of tran-
som stern ships (7) indicate the impor-
tance of the study of stern waves and
their reduction.

M.X. GU - Chine Ship Scientific Rese-
arch Center wusih, Kiangsu, China

ON THEORETICAL PREDICTION OF STERN FLOWS

I note with great interest with regard

to the progress made with respect to flow
near ship sterns. Mr. Zhou Liandi of

CSSRC (1980) made calculations similar

to Muraoks (1980) for the axisymmetric
body tested by Husng. He applied a trans-
formation so that points at infinity may
be mapped onto a closed contour. This
enabled him to solve the outer potential
flow as well as the pressure variations
and curvature effects, but saved much
time in computation. He was able to car-
ry out the computations
about 1.04L behind the

agreement of

up to 8 point
tail, and the
computed results with
that of Huang's experimental data was
good. I regret , however, that I could
not give a more detailed discussion
right at the moment, since I received the
Conference Proceeding only yesterday ,
and Zhou's work is not at hand, I hope
that the
Conference

Resistance Committee &nd the
will permit me to subamit a

supplementary written discussion of

Zhou's contribution immediately after

the closure of the conference.

iW/ANG HUAI -~ Marine Design and Research
Institute of China, Shanghai,China

The Committee is to be congratulated on
its excellent report whick I enjoyed

reading. 1 have a few comments:

1. Comnittee's cooperative experimental
program 1is a very good idea, so MARIC
supports it., We guarantee that we'll



finish the work in 1983,

2. We support Committee's recommendation
that studies on bow phenomena should be
continued. MARIC will dc some work for it.

3. We appeal that some attention should
be paid by the Committee to the research
of appendage resistance of multi-screw
ships because this is ship designers' he-
adache problem. It is accepted that ap-
pendages yield no wave-maxing, but at shal-
low draft or higher Froude number it is
not the case, MARIC is analysing this
problem by wave pattern measurement now,
and the 1st part of it is shown in (1),
MARIC asks other ITTC members to do some-
thing about appendage resistance.,
REFERENCE

1. Wang Hual, Du Sheo-Qin and Li Ying-
Huan, "Analysing Appendage Resistance by
Wave Pattern Measurement". Report No.K5110-
2, the Ship Laeboratory, KARIC, 198C.

WANG HUAI, DU SHAO-QIU and LI YING-
HUAKN - Mgrine Design and Research In-
stitute of China, Shanghai, Chins

ANALYSING APPENDAGE RESISTANCE BY WAVFE
PATTERN MEASUREMENT

Abstract

This paper is the second part of the re-
port on 'The Effects of Appendages on

Ship Resistance and Propulsion'. It intro-
duces the test results of appendage re-
sistance through wave pattern measure-
ment and orthodox towing test for a re-
search ship model. Wave pattern measure-
ment indicetes that for a ship of medium
-draft the wave resistance of appendages
is small, Due to interaction between

-hull and appendages, the wave patterm

resistance cf appendages ( 4lwp )
shows humps and hollows with varying
number., The waviness of aliy
is in general accord with 4(y

PFroude
curve
derived from towing test,

Nomenclature

The nomenclature used in the text fol-
lows the standard symbels of ITTC. Omly
8 few special terms are defined as
follows:
80y Residual resistance coefficient
of appendage,
4ly  Viave resistance coefficient of

appendage,

Alyp Wave pattern resistance coeffici-
ent of appendage,

F Sine smplitude function of free
wave,

4 Cosine amplitude function of free
wave,

F& Amplitude spectrum of free wave,
Introduction

Appendages of multi-screw ships have an
adverse effect on ship resistance, ea-
pecially when designed improperly, sc
research on appendages is important to

ship design.,

Appendage resistance can be split into
wave-making resistance, viscous resis-
tance and that due to interaction bet-
ween hull and appendages, etc. The vis-
cous components have been studied in
MARIC's low speed wind tunnel, and the
results are
part of the report on 'The Effects of
Appendages on Ship Resistance and Pro-
Here, application of wave
analysis method is attempted to the
study of wave resistance of appendages.
Generally speaking, it is accepted that
deep-submerged appendages yield no wave-
making. But when they are fitted on the

presented as the first

pulsion (1).
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hull of medium draft, will théy exert
any influence on the wave resistance of
the bull ?

A model for a T.S. ocean research ship
was tested in CSSRC's towing tank, inclu-
ding orthodox towing test and wave pat-
tern measurement, The model length is

3.4 m, with a scale ratio of 1:30. The
appendages fitted include: bossings,
struts, bilge keels and a rudder (see

fig 1, bilge keels not shown). The range
of test speed is 0.6-2.1 m/s (correspon-
ding to fv =0.1 - 0.364), and that of
Reynolde number is 2x10® - 6.8x106. Wave
profiles are measured for speeds » 1,1m/s.
In eassessing form factor K , Hughes's me-
thod is adopted for the calculation of
flat~plate frictional resistance

Subdivision of appendage resistance

According to Froude's hypothesis, the re-
sistance of a naked hull can be separa~
ted into two
‘can be calculated by flat-plate frictio-
nal resistence formula) and residual.
Alternatively, by the (1+K ) method,
hull resistance R can be subdivided into
viscous

resistance Ry and wave resis-

tance Ry ; or more precisely

R = Ry +Ry = (7*K)ﬂ{*ﬂw

However, such subdivision is not
interaction between

strict,
because no the

components is takem account of,

Similarly, appendage resistance aW

may also be splitted into components.

For exsmple, W.C. Kiang (2) proposed that
AW  be subdivided into: equivalent flate-
plate frictional resistance with curva-
ture ecorrection, pressure resistance ,
wave resistance and resistance for inter-
action between hull and appendages, Ha-
ving studied the viscous part in wind
tunnel, the authors attempt to assess

the wave-making pert through wave pattern

components: frictional(which

heasurement. The wave pattern resistance
of appendages may be taken as the diffe-
rence between the resistances of hull
with and without appendages; or, in nen-
dimensional form
80wp =.Lwea = Ciire =
= Rwea / 21 I ViS4 = Runa /' '} ﬂ"Sv
where subscript A denotes hull with ap-
pendages, and subscript O denotes na-
ked hull, In fact, alwr as measu-
red includes also the wave-making inter-
action between hull and appendsges.

To compare 4lys
sults, residual resistance
for appendages.

8lr=Cry -Cro =

“ﬂﬂ/}"fy{fp ’[m/gfy?sos
'(ﬁ“&n)/f/9V25.-
- (% ‘ﬁfa)/;"fl’z-fn

with towing test re-
coefficient

and wave reaistance coefficient for ap-
pendages

sy “lua-Clwp =
~Rwn [§ V51 ~Ruof 7% =
[Ra-Rea(1+0)] [ 5 pV*50 -
[ 8- B (1+10)] [ § pV*5,

-have to be calculated, where K, and A
are the form factors for hull with ap- -
pendages and naked hull respectively, It
is admitted that splitting the resis-
tance of hull with appendages into wa-
ve and form resistances by the ( 14K )
method does not sound reasonable. But it
may be justified asomewhat, since the
sole intention is merely to
the two analogous components
from different test methods.

compare
obtained

Apparently, hull with appendages has a
larger wetted surface, i , which

leads to smaller coefficients not compa-
rable to those for neked hull. As a reme-
dy, the non-dimensional coefficients are
rewritten as following, with §, . sub-
stituted by the square of model length:
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Wave . pattern resistance coefficient for
appendages

8lwm, = wa/;"/’ V2L? = (Ruon ’ﬁwm)/;’jol"’f -
- R [ 3 pVL ~Ryop | 3 VL2 = Cupa~Cwma

Wave resistance coefficient for appenda-
ges .
JAH'JRW/%quz‘
s - Bwa) [ 7 pYPL =
=Ra /3 VL2 - by [3 VL =
= Cwin - Cwio
coefficient

Residual resistance for

appendeges
2, - aky [ F PV -
, 7
:(ﬁm‘ﬁm)/iﬁyﬂz=
-k /pVL -
: 'ﬂm/;lfl’zl‘a = Crin = Crup

Test results and anslysis

The wave pattern resistance coefficients
lwpe for hull with and without appenda-
ges obtained through wave
surement (after Sharma's single-longitu-
dingl-cut method) are shown in Fig.2,
together with the wave resistance coeffi-
cients [, obtained through towing test.
The form factors K for hull with and with-
out appendages are calculated to be
0.364 and 0.28 respectively., From Fig.2
it is easy to deduce the wave and wave
pattern resistance coefficients for ap-
pendages, which are given in Fig, 3, to-
gether with the residual resistance coef-
ficient 4lr,

pattern mea-

for sppendages.
From Fig.3 it can be seen that:

(1) Both 4(r. and 4lw. (through towing
test) are greater than 4fy, , and have
humps and hollows with changing Froude
number,

(2) slwa

(through wave pattern

measurement) has positive and negative
values, indicating the existence of wa-
ve-making interaction between hull ‘and
appendages,

(3) Though the accuracy of wave pat~
tern measurement is not so high as to-
‘'wing test, the resistance curves obta-
ined through different test methods are

much alike in shape and tendency. It may
be concluded that the humps and hollows

in the resistance curves are mainly due
to the effects of wave-making and inter-
ference between hull and appendages,

(4) The great difference between the
values of 4ly and 4lwsr may be due to
breaking, the interaction between
resistance components etc.. However,
splitting the towing resistance of hull
with appendages into its components by
the (1+K) method is also questionable.
These have to be invegtigated later,

wave

From Fig.2, it may be seen that when
Fy< 0.33 there is little difference bet-
ween the wave pattern resistance for hull

with and without appendages. To clarify
this, wave profiles and wave amplitude
functions for fy =0.24, 0.33 and 0.364
are given in Fig.4-7. For f, =0.364,.
there exist some differences both in am-
plitude and phase ( Fig.4 ). As tofy=0.24
and 0.33, the wave profiles nearly coin-
cide with each other. Wave amplitude
functions F, G and amplitude spectra FG
show similar tendency (Fig.5-7).

Conclusion

(1) Wave pattern measurement indicates
that for a ship of medium draft such as
tested the wave resistance of appendages
is small, '

(2) Due to interaction between hull and

appendages, the wave pattern resistance

of appendages ( a(y» ) shows humps
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and hollows with varying Froude number, References

(3) The waviness of alws curve is in 1.WANG HUAI & WANG MEI-HUA ," Wind Tun-

general accord with that derived from nel Test Results of a Double Model with
towing test. and without Appendages". Report No.
K5110-1, the Ship Laborstory, MARIC,
Acknowledgement 1979.- '
; 2. KIANG WEI-CAN, "On the Correlation of
The authors wish to express their since- Appendage Resistance for Surface Ships".
re thanks to the staff of CSSRC for car- Report No, 63-021, CSSRC, 1964.

rying out the tank experiment.
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SEUNG-IL YANG, CHANG-GU KANG, and

CHANG-SUP LEE - Ship Research Station,
‘Korea Inatitute of Machinery and Metals,
Seuth Korea

A NOTE ON THE RANKINE SOURCE METHOD FOF
FREE SURFACE FLOW PROBLEM:

RADIATION CONDITION AND INFLUENCE OF
TRUNCATION OF SOURCE DISTRIBUTION

n

v

Intrcduction

The method of Rankine source distributi-
on is emerging as a powerful tool for
the solution of complicated free surface
problems, But it hes been uncertain
whether the radiation condition could be
satisfied by distributing the simple
sources on the free surface only.

This method was applied to twe-dimensio-
nal free surface flow problems by Daw-
sorn [1] and Mori & Nishimoto [2]. They
assumed the radiation condition be satis-
fied without proof by ctserving the sinu-
soidally varying wave profiles, which
had been obtained by using a finite
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difference opersator of specific order
to satisfy the free surfaces condition.

Another effort was made by Gadd[3] to
satisfy the radiation condition, who di-
stributed the Kelvin sources along a
longitudinal axis in the centerplane and
Rankine sources on the free surface near
the hull and on the hull surface. But as
stated in the Repert of the 16th ITTC
Resistance Committee, more rigorous in-
vestigations of the numerical rsdiation
conditions are necessary.

In recent work [4] , the present discus-
sors showed that the Rankine source
method could be applied successfully to
the free-surface Zlow problems. In Refe-
rence [4] , they demonstrated that &
remarkable accuracy could be maintained
even with the distribution of lowest-or-
der concentrated singularities of delta
function nature, In their subseguent

work [5] , the discussors made a gene-
ral proof thet even with the distribpu-
tion of Rankine sources on the free asur-
face the radiating waves could be gene-
rated. They also derived a formuls to
give bounds of the relative errors in
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L2
(9]

the 1induced velocity computatien due teo

the truncation of the extent of Rankine

source distribution on the free surface.'

It is the aim of this discussion te int-
roduce the works of the present
sors on the Rankine sourece methed and
the associated problems of numerical
radiation condition to the English
readers.

discus~

Fermation of the Radiating Waves by
Rankine Seurce Distributiom

Consider a linearized free surface boun-
dary conditien

¢xx*”¢y ol

where k is the wave

m y-=b (1)
number. From equ-
atien (1), the velocity potential can be
‘deduced to be sinuacidal ir x, i.e,,

@ ~ o5 (hx+ol) (2)

- If we distribute sources on the free
surface, the strength of the sources sa-
tisfying equations (1) and (2) should
alse be sinusoidal, i.e,,

G(x) =G eos(Kx+6 ) (3
In fact, in Reference[4] , it has been
observed that the source strength be al-
ways sinusoidal in the downstream of body.
In Reference [4], the two-point differen-
tiation formula was used to calculate
the variation of velocity along the axis
(unlike the higher order of References
(1] and [2] ), and the free surface sour-
ce: were repeated iwice with the wave
length A .

Without losing the generality, the phase
angle § in (3) may be dropped, and the
can be extended to
case with & properly

following analysis
the finite depth
defined wave number Xk and images of

- free surface

‘be placed

sources with respect to
the bottem,

Let us consider the Rankine source dis-
tribution &. shown in Fig.1 whose
strengths are varying sinusoidally. The
sources extending from -- te +°° could
either on the free surface
or above the free surface. The latter

cases will be used in the analysis.

The x-component of the induced velocity

at a field point P(x,y) mey be expres-
sed as

rt[" a3
ulry)- E[,, o tEKE g ) Pety-ayP % (4

With some manipulation and aid of integ-

ral tables, equation (4) can be reduced
to ( Refer to Reference [5] .)

wing) =(% o) o™ sin sx (5)

Similarly for the vertical irduced
velocity,

Vo) =22 e ) " 95 1y (6)

Then the velocity potential is obtained

frem equations (5) and (6},

bixy) =(’2—°,,.'L P'“")"H ™ pos nx e
This is the velocity potential obtained
by the distribution of Rankine source
te x=+> on y =ay. It i=s
obvious from equation (7) that the sinu-
soidal distribution of Rankine
could satisfy the radiation conditiom.
But it is in practice impessible to dis-
tribute the sources in the infinite ex-
tent, hence it is important to know the
influence of the truncation of source
distribution on the computation of <the

induced velocitiea. A formula for the

from X=-oo

sources
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errer analysis is derived im the next
section. Here, let us define the truncation error,

Truncation Errer Analysis

Let us assume the sources are distribu-
ted fram x =-= t8 x = X, and consider
the errer in inmduced velocity cemputati-
ens due to this truncatiea. '

The x-componeat of the induced velocity
at P(x,y)

Equation (8) can be deduced as (Refer te
Reference [5] .),

e ﬁ?—me[ S CRef (1) 0™ Do, (')f

Op

+ 5- sind g e,

+ %SM&[P”I-M)JmL(’J *e"lr!)]m[r {’:’Z/

)
where E, is the exponential integral

defined as

E(2)-f &+ dt

and

/ar; Zl <&

vy = -K(8y-y) =K (xr-¥)

Fo= K(84-y) ik (Xr=X)
Hence, the error in u(x,y) due te
truacation 1is

&y = Ufgpeg, ~ Ugpeso

_6o { #ly-09) [/Ye[ (r,) eos@ +1p £, (T,) sm9/

by (10)

.p n(w-y)/,f,[,(r;, ) 56+ [nk; (13)siR 0//

Similarly, the errer in v(i,y) may be
obtained as

& = Vpery ~ Vltpem =
- f_;_{ e "/!"’)[ Ik, (r.) c0s§+Refy(r,) 51"!?/*
+e"‘”’[ Iufy(1,) 0056 ~Re £, (r2) sin 6] )

fcllows

l 8“2 +85 | (12)
V (”,:r/ (V/*"')z

After proper substitution and mani-
pnlation, the error cam be expressed as

£ { R (r ) +0 I e )
(13)

E , as

E =

ﬂ@
. 2/[ ()] £.(re)f cos (za*a'}/

where o, . Re £, (r)In £ (na )+ Re £y(ry) Imf (1)

O Rek (1) Re; (1) - Ik 1) Inbil)
By inspection, it is obvieus ¢ Dbecomes
maximum when 26+ 6 =&, minimum when
26 +8'= 0, hence the follewing inequali-
ties are obtained

xay '
o [ )] -0 Vg, (1))

< £ <

land .
7% ["’W"”/ff("r)/* o¥y 5')/[;' (r"),/

Figure 2 shows the typical case of error
bound in the induced velocity computation
with variation ef the field-point positi-
en away from the truncation boundary. It
can be seen that the maximum error is
76% when the field-point is placed at
the truncation boundary (i.e. x - x.=0).
It should, however, be noted that the
maximum error be only 3.,4% when the field-
peint is two wave lengths upstream of
the truncation point in Reference[4] .,

It is clear, the errer is between near
zero and 3.4% depending on the phase
angle of truncation 6 defined in (13).

(14)

Cenclusien

(1) It has been shown that the Rankine
source diatribution can be used te gene-
rate the radiating waves,



(2) The formula for the error analysis

can be used effectively in determinihg
the position of the truncation boundary.
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4 SIMPLE METHOD T0 ESTIMATE THE VISCOUS
RESISTANCE OF SHIPS BY TUTAL HEAD-LCSS
MEASUREMENTS

Several methods to estimate the viscous
resistance of ships by wake traverse me-
asurements are checked by using availab-
le wake-survey data of a body of revolu-
tion and Series 60, CB-O.G and a new
simple method i= proposed within the re-
asonable accuracy of measurements.lLet's
distinguish eight formulae 3uggested in
the past as followsa:

BT pulinsi/

D

DJ Jenen/2/

w1

D Landweber and Wu /3{ eq.(20)
D;zz Landweber and Wu /3/,eq.(21)
D Tzou and Landweber/4/

DE Baba/5/

DM Maruo/6/

DL Landweber/7/,eq.(89)

Baba keebs only the total head-loss term,
but the others differ in their treat-
ments of the fictitious velocity. They
suggest one-half ship-length behind the
stern for the wake-survey, where effects
of higher order terms and the measuring

accuracy are compromized.

Here if we assume that the fictitious
velocity u, is equal to the free-strg-
am velocity U, then we can show that
DE;DJ>DLW1 - DLWZ - DBTzD - DTL-‘ D;.
Since the total head-loss mainly contri-
butes to the viscous resistance, Baba's
form is very simple and convenient  Both

the total head-loss and the velocity' -

(or static pressure) should be measured

when another formula is adopted. This

"less than

requires much mere works and cemplex de-

vices. Therefore a way to correct the
velocity-quadrature term from messured

total head-losses is suggested here. For
that the velocity is obtained from the

total head by assuming the static pres-
sure 1s fully recovered to be PoeThat is
J’?H'pﬂ*zlf’”z (1)
Since H=H, and wu=U at the edge of the
wake, they are consistent sssumptions.

Then the velocity is given by

= 1vl- 29 (Ho-H) (2)

where H 2 is the total head in the free-
stream. If we subatitute eq.(2) inte
Landweber and Wu's first formula, then

the viscous resistance D 1is given by

0" 1f [ ) 5 0 VT2 (f/,,-x/)/‘yd(i )

Measured wake deta of a low drag body
of revolution (L=1,219m, Thax=0.1426m,

Rp= 1.2x10°), which was tested in the
wind tunnel by Patel and Lee/8/ for the
research of the thick boundary layer
and near wake, are availeble, Estimsted
values of the resistance coefficient are
represented in Fig.1., They are censide-
rably decreasing in magnitude along
down-stream, Blockege effects and higher
order terms neglected in the formula
can not explain this large deviation.
The interesting point: to us ias the com-
parisen of them at @ fixed statiom.

The order of magnitude of estimated re-
sistances is as follows:

B K TL L d LwW1_LW ¥
D>D>D >D = D'=.D'=.1DL'3.DM'=.D
Discrepancies among estimated resisten~

ces, except formulas of Baba, Tzeu
and landweber and present study, are
1% even at the very near wake
(x/L = 1.06). This shows that the assump-

tion U,sU is very rearonable for prac-
tical purposes. On the other hand,
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discrepancies of the resistance by ok
frem D e are atill less than 1% at
x/L = 1.4 and 2.472. Therefore the pre-
fermula is verified to be effici-
ent one if the wake survey is performed
at one-half bedy length behind the ship,

sent

TL , DLW1

and DK by umsing the available wake
data of Series 60, Cp=0.6 model, which
was tested in the towing tamk by Tzeu

and Landweber /4/, are alse compared in
Table 1, In the first
the
ginal work of Tzou and Landweber, Recal-

Resistances accerding to DB,D

column are shown

estimated resistance from the eri-~

culated values are represented in the

second column, which shows differences
from the original ones, Wake data at twe
depths (2=0.025, 0.075ft) are net avail-
able in the reference /4/. That seems te

1.
2.
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Table 1. Comparison eof resistance

coefficienta(Series 60, 0.6)

N NSZN NGy

: TL¥¥*= _TL E Lkl s
be a main reason of such deviation.The- Fr T T D D ©
refore recalculated values are used as 0-100 3.8%% 3.79 3.99( 5.17%x 3.80( 0.3)  3.8I( 0.5)
¢ s 0.193 3.4 3.75 3.9o§ 3.8; 3.78(=0.3) 3.75§ 0.0
a reference for the numerical consistency.o.221 3,31 3.85 4,0t 4.0) 3.87( 0.5) 3.86( 0.3
o.zuz 3.i1 3435 3.gg§ u.3§ 3.36E 8.82 3.37§ 8.8
0.27 3.43  3.53 3. 4.1 3.53( 0.0,  3.53{ O.
EstimatedBvalues of the viscous resistan-; ., 3.53  3.91  5.05( 3.5) 3.91( 0.03 3.89&-0.5
ce by D is overpredicted by about 0.332  3.41  3.27  3.43( 4.7)  3.26(-0.3) 3.31( 1.2
5%. DLW1 which adopting the assumption * Resistance coefficients x 10
7L *¥ Relative error from Tzou and Landweber' method(%)
uy= U shows the same values as D~ withinm %+ Reffered from /L/

0.5% deviations. The present formula oK
alsc gives reasonable values {less than

1% error except at F,.=0.332).

xi0

Such results coinside with Kayo's 5.0 —o— Baba's formila 7
/9/ conclusion that any significant dif- L --0-— Present study 2
ferences between formula are within the E e i:°;wi‘b2i":"§:e;2
experimental accuracy. But simple integ- E“'O i ’ i
ration of the total head loss will consi- E i -
derably overprediet the resistance. A w
new simple formula suggested in this §3'0 i K
discussion is verified to give reasonsab- + 4
le estimations of the resistance by mea- C— 1 o

y TL 1.2 1.6 2.0y 2.4

suring the total head only. Therefore it
will be s time-saving and efficient one,

Fig.l Resistance coefficients of a low~drag
body of revolution
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J.V. WEHAUSEN - Umiversity ef Cali-
fernia,Berkeley, Califorania, USA

Imn Appemdix 2 ef the Committee Repert a
cooperative experimental program is pro-
posed for four hull forms, I urge that
the experimental program include tests
with the hulls fixed in their zero-speed
equilibrium positioms. This may seem to
be unresalistic, but in fact takes acco-
unt of the

calculations are initially carried out

fact that many theoretical

fer this case, If good agreement with ap-
propriate experiments is obtained, one

may then devise computational methods
that include the effects of sinkage and

trim.

T.A. LOUKAKIS -~ National Technical
University, Athens, Greece

Before my comments to the Committee Re-
pert, I would like te mention that in
future resistance experiments, to be used
for the validation of prediction theori-
es, the models can be run even-keeled by
pre~trimming them in the static condition.
The initial draft plus the measured pa-
rallel sinkage can then be used for the
analytical predictions. This should be a
cheaper method then restraining (espe-
cially) heavy models,

I would 1like now to notice that, in my
opinien, both the repert of the Committee
and the up~-to-now discussion of it give
me the impression that I am attending a
"Numerical Ship Hydrodynamics Symposium”
and not a Towing Tank Conference.

If this tremd is justified by practical
considerations, meaning that more and
more numerical work will be done in

eur Organizations, I weuld like te msug-
gest that:

a)the numerical solutiemn of the viscous
resistance problem is done using not the
double model inviscid potential but
rather a potential, which takes account
of the free surface, In this way the
predictions will correspond better te
the real 1ife problem.

b) During the numerical calculations
for the viscous resistance, some of the
problems in the stern region might be
alleviated if the propeller effect is
included, even in some simple form as
e.g. momentum sources,

B.R. PARKIN - Applied Research la-
boratory,the Pennsylvania State Uni-
versity, State College,Pennsylvania,USA

This discussion amplifies the material
of the Committee Report relating to po-
tential flow methods for submerged bo-

dies, For axisymmetric flows there ap-

pear to be three approaches which lead
to a solution of the inverse or design
problem in which one prescribes the
pressure on the body surface and then
calculates the shape of the body which
will provide this pressure distribution.
These three approaches are reported in
the following four references.

1. BRISTOW, D.R.,"A Solution to the
Inverse Problem for Incompressible,
Axisymmetric Potential Flow,"™ AIAA
Paper 74-520, June 1974,

2. ZEDAN,M.F, and DALTON, C.,"Incompres-
sible Irrotational Axisymmetric Flow
About a Body of Revolution: The In~
verse Problem," J. of Hydronautics,
Vol. 12, January 1978, pp. 41-46,
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3. ZEDAN,M,F, and DALTON, C.,"Potenti-
al Flow Around Axisymmetric Bodies:
Direct and Inverse Preblema,"™ AIAA

Journal, Vol. 16, March 1978,242-250.

4.. FERNANDEZ, J.,"A Higher Order Sur-
face Singularity Method for the Axi-
symmetric Inverse Problem,"The Pen-
naylvania State Univeraity, Applied
Research Laboratory, Post Office

Bex 30, State College, PA 16801,Tech-

nical Memorandum File No.TM 79-125,
197S.

Reference (1) is based upon the iterated
use of the Douglas-Neumann direct solu-
tion. References (2) and (3) use sources
or sinks along the axis of the solid and
Reference (4) uses source or sink rings
as fundamental building blocks for the
solution.

In addition to these solutions, the re-
lated mixed boundary value problem for

axisymmetric bodies has been studied by
Bulgarian and Soviet hydrodynamicists,

Two citations to this literature are

5. VOSAMOV,K. and HAIMOV, A.J.,"Axisym-
metric Potential Flow About a Multi-
ply-Connected Bedy in a Duct," Prec.
of the Sixth Conference eon Fluid Ma-
chinery, Scientific Society of Mecha-
nical Engineers, Section of the Tech-
nical Sciences, Hungarien Academy
of Sciences, Budapest, 1979.

A related work involving vorticity is

6. VOSAMOV, K. and HAIMOV,A.J.,"Axisym-
metric Shear Flow in Ducts,"™ Hydro-
Turbe 81, Bulgarian Ship Hydrodyna-
mics Center, Varna 9003, Bulgaria.

In these solutions, vortex rings are
used as fundamental solutionsa.

REPLY OF THE RESISTANCE COMMITTEE

The members of the Resistance Committee
thank all discussers for their contri-
butions which have enhanced the value
of the Committee'r Report. Most discuas-

"sions provide new material but some con-

tain comments and suggestions concerning
the report itself. In the following,rep-
lies are given in the same order as the

discussions were presented,

Dr.Shpakeff discussed two problems.
With regard to the problem of the added
resistance caused by real ship roughness
it is necessary to know the influence
of roughness on the boundary-layer velo-
city field and the relationship betweeh
this influence and the geometrical and
statistical characteristics of the
roughness, In spite of previous investi-
gations a satisfactory formulation of
this relationship is not yet available.
Therefore investigators often use data
from experiments with regular, artifici-
al roughness even though its influence
upon the boundary-layer characteristics
is different. The information about new
results which were obtained at the Kry-
lov Institute is interesting and we are
looking forward to publication in full
detail. It is important to compare the
results of the rough-disk experiments
with data obtained in experiments with
pipes and flat plates.

The problem of shallow water is of great
practical value but lnowledge of shal-
low-water effects on wave and viscous
resistance is still insufficient. There
are difficulties with experimental and
theoretical investigations in shallow
water especially when the ship speed is
near its critical value. Therefore, in
accordance with Dr. Shpakoff's remark,
it would be useful for future Resistance
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Committees to evaluate
ship flow and resistance
ter,

investigations of
in shallow wa-

The quantification of lemgitudinal ver-
ticity in the wake is an important prac-
tical problem end I'r.7agnaka skows an
interesting correlation between the cir-
culatien in the wake and the so~called
"bottem area coefficient™ (Fig.2). Sueh
a correlation between' a flow property and
& purely geometrical property of the hull
is surprising. However, since the longi-
tudinal vorticity in the wake results
from the migration of boundary-layer flu-
id on the bottom of the hull to the side,
and over the stern, the bettom geemetry
may be an impertant psrameter. We look

forward to further develepment of these

ideas easpecially to study other hull sha-
pes and possible scale effects eon the
observed correlation.

The Committee welcomes pror. Maruc's
new slender body theory. It is a refre-
shing departure from the o0ld alender bo-
dy theories, which were bamed on the
representation of the hull by & line of
and proved to be of limi-
ted value for the purpose of calculating
wave resistance. The new theory now pre-
sented amounts to the use of surface
singularities and uses elementary solu-
tions of a two-dimensional problem as bu-
ilding blocks for the constructien of a
solution te the actual three-dimensional

singularities

problem. It appears to be closely related
to the recent "unified" slender bedy the-
ory of Newman, Mays and Sclavounos, It
would be useful if Professor Marue would
illuminate this connection and alse a
peseible relation to the recent work of
Noblease which is alsoc called a new slen-
der body theory by the author. The final
proof of the pudding is in the eating,
of course. Se we look forward te a nume-

rical evaluation ef Professer Maruo's

multiple iﬁtegrala for wave resistance,
preferably for ome or more of the hulls
recommended by the Committee for its Ce-
operstive Experimental Research Prog-

ram and already used ss test cames for

the 1979 Wave Resiatance Workshop.

Prof. Eggers legitimately points out
the ambiguous use of the term "line
integral™ in the Committee Report as well
as in many recent papers on ship wave
theory. His plea for semantic precision
is well taken; however, it also applies
to various other terms such as thin ship
theory,
der effects etc, Evidently, a more pre-
cise and logical terminology would be

of great help, Aa to the "line integ-
ral”™ itself, one should distinguish bet-
weenn the line integrals of convenience,
which are mathematically equivalent to

slender body theory, higher or-

certain surfsee integrals and may be op~
tionally used in consistent higher order
thin ship theory as & matter of expedi-
ency, and line integrals of necessity
required for regularizing the flow near
the edge of the singular surface in the
inconsistent, so-called Neumann-Kelvin
approach to the problem, Professor Eg-
gers' statements are substantially cor-
rect and constitute s useful elucidati-
on of the remarks in the Committee Re-
port. However, the entire theory of wave
resistance iz still in an active state
of flux; so it would be preméture i,
conclude that tke intricate question
of the usefulness of "line integrals™
had already been smettled.

The list of recent Japanese publications
presented by Urs. Tamura and EFabc
dealing with the application of wave re-
sistance theory to hull design is a
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welcome eddition to the repori. The ab-
sence of such material results frem the
Committee®s decision to focug attention
en methods of computation of the wave-
making and wviscous reaistance of apeci-
fied hulls, as highlighted by the two
workshops planned in cooperetion with
the Committee, rather than fthe inverse
problem of hull design. This decisgion
eriges from the gpace limitetiens impo-
ged on the report and in view of some
coverage of the applicstions of theory
given in the Committee’s re-

to design
to the 15th ITTC, I+ is

port quite
oovious that the design problem is atill
an important topic which should be
consldered in future Resistence Commit-

tes reports.

Prof. Gu  hasg informed the Committee

of the application at . CSSRC of a cal-
culstion method similer to that of

Muraoka to the flow past en axisymmetric
body. We hope that the refereoncea paper
will be made available

SC8.

The Committes appreciatess
MARIC's

to teke part in the Commitiee's cooperna-

very much

announcement of its interest

tive experimental program and also its
plan to de studies on bow flow phenc-
mene.

The wave vattern meagurements carrisd

out by Messva.Vang, Du ond L7 with =

nodel of a multiple-screw vessel are
noted with interest. The results show
that the appendege drag is anot only o
function of the Reynoldgs-number but also
of the Proude-number, at least for small
drafts.
should consider the vossibility of

The next Resistance Committee

evalueting research on appendage drag.

The contribution of Messrs.Yang, Kang and lee

with
to satisfy the boundary

deals the application of Rankine

gources condi-
tions on a free surface. In order to es-
timate the error which arises when the
gource distribution is truncated, the

velocity field of a given sinuscidel sour~

ce distribution has been calculated for
a two~dimensional problem. The authors

zlaim that the error will not exceed 3.4%

if the field
of the truncation point. In

point is two wave lengths
upairesm
this way, however, the effect of the

truncation in the resl problem is only

taken into account partly. The trunca-

tion of the singularity surface before

the unknown source strengths have been

determined, will affect the source stre-
ngths upstream of the
end introduce an error of unknown ma-
gnitude not estimated by the authors.

truncation point

Dy Kang's

contribution is a compara-
tive study of various alternative for-
mulas for estimating the wake momentum
registance, carried out at KIMM. A sim-
plified new formule is also proposed.

As is pointed out, many methods for de-
termining the viscous resistance from a
weke

survey have appeared since the

early work of Prandtl, who suggested
that the resistance could be simply ob-
tained by integrating the total head
loss across the asymptotic wake., This
refined

originel suggestion was later

by Betz, Jones and others, who edded

extre terms to Prendtl's formula invol-
ving etatic pressure, to enable momentum



IEEtCl i)

surveys much closer to the body. Baba,

however, some ten years ago reverted to
Prandtl's method for the sake of simpli-
city.

In the present proposal an extra term of
the Betz type is retained but calculated
that

constant in the wake and

on the assumption the pressure is
equal to that
in the free stream, As in Prandtl's me-
thod, the only quentity which needs to

be measured then is the total head.
Support for this suggestion is given by

comparisons with gsome of the more exact

methods for two test cases,

It is the opinion of the Committee that
the extra effort of slso measuring the
static preassure in addition to the totel
head is not necessarily very substantial
and this would of course speak in favour
‘of the more exact methods. However, the

demonstrated correspondence in perfor-
mance beiween these and the present pro-
posal is quite

that

could be given further evidence the

striking and the Commit-

tee feels if such similarity
method may well be recommended as & con-
tool, It should be remarked that
comparisons should be made for bodies in
the presence of the free surface, since

venient

the waves may prevent the static pressure
from reverting to the free stream value

for a long distance behind the body.

that
experiments under the Committee's Coope-

The suggestion by Prof. Ferawosern

rative Experimental Program be conducted
with the model fixed is

in fact included as one of three conditi-

endorsed and is

ons to be investigated by participants.

Prof. Loukakie

raises several questi-
ons related to our report:

,face should be used

1, It is suggested that instead of recom-
mending a fixed model in the resistance
of the cooperative experiments
the model should be
a way that the even
obtained at the Froude number of intereat,
The Committee agrees that this might be
8 method worth trying,

tests

pretrimmed in such
keel condition is=

since the disadvan-
tage of the transmission of carriage vib-
rations to the model might then be alle-
viated., For very big models this disad-
vantage is a serious one.

2. Professor loukakis also sugge=tsthat
a potential flow considering the free sur-
instead of the doub-
le model solution when computing the
boundary layer. This suggestion is reaso-
better
free

nable, but it probably requires
methods
face

with respect to the sur-

condition than what are
Larsson & Chang (1979)

used the Neumann Kelvin

boundary
available today.
solution for
calculating the boundary layer, but since
the upper streamlines did not coincide
with the profile (which

was close to the one) the re-

computed wave
measured
sults were worse than those based on the

double model potential.

3. Professor Loukskis
tant

raises an impor-

question when he asks why stern
with the pro-

The Committee be-

flows are not studied

peller 1in operation.

iieves that the present emphagis on ba-

se sterns in most experimental and

theoretical
buted

investigations may be sttri-
e.g.

1. The stern boundary layer is com-
plicated

to several factors,

even before it comes under the
influence of the propeller,

2., Although propeller-induced suc-
tion may prevent or alleviate separati-
on at the bottom of the stern, the ge-~
paration
disc (and at the free surface
low drafts) is

near the top of the propeller

for shal-
accentuated.



3. As discussed in the Repert .of
the Performance Committee (pp. 168-171),
the propeller may induce strong asym-

metry and unsteadiness of the stern flow.

Therefore, studies without a propeller
are useful in the understanding of cer-
tain basic flow features essential

to the development of analytical models.
Needless to say, the eventual goal of

the models 1is te represent the real
flow with propeliers.
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