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ABSTRACT

Th« pao«r presents i theoretical extension o-f i
»«mi-emoirical method for th« determination o-f
sauat of »hie« in »hallo« water based on a one-
dimensional theory, in which the »olid bottom
i* realised bv a higher density fluid layer.

It can be shown that, for the evaluation of the
effect of th* mud layer, a difference has to be
made between three ranae» of the shio’s soeed,
The first
critical value is aoorcxiraately eaual to the
maximum velocity of propagation of internal
waves at th* interface, while the second
critical value deoends on th* blockage factor
and on the lower fluid density.

seosrated bv two critical values.

Numerical results of theoretical calculations
are compared with exoerimental data of tests
carried out at the Hydraulic Research Labora-
tory in Antwerp-Borgerhout with self-orooelled
ship models in restricted waters above a solid
bottom and above a simulated mud layer.

INTRODUCTION

Safe navigation in shallow waters (e.g. *o-
proach channels to harbours) rtouires a minimum
water deoth or a minimum keel clearance. If
sediments are deoosited in the navigation area
considered, however, water and solid bottom are
separated by a mud '.aver, so that the Question
arises which deoth and keel clearance condit-
ion* have to be fulfilled.
is necessary to introduce terns as “nautical
deoth® and “nautical bottom*: the latter can be
defined as a horizontal olane with oarticular
characteristics, situated between the too of
the mud and the solid bottom, above which a
shio can still navigate and manoeuvre in a safe
way.

In those cases, it

Th* knowledge of the Physical character!sties
which are tvoical for this nautical bottom is
very imoortant for the ootimiiation of maintan-
ance dredging work in muddy canals and hai—
bours. for this reason, a studv program on
this subject was orooated bv th* “Dienst der
Kust" (Coastal Department) of the Belgian
Ministry of RgbllIC Works, jointly with H«*con
nv and Decioedt nv. This study aooeared to be

Hyartulie Hts»,ren uooritory,

necessary, as data concerning the behaviour of
shiae with restricted keel clearance above mud
are hard to find in literature! only in the
Netherlands, both full scale (Rotterdam) and
model (MARIN. Wagenj-ngen) experiments have been
carried out on oil tankers, (see CI11.C22).

The “Waterbouwkundig Laboratorium“ (Hydraulic
Research Laboratory) in Antwero-Borgerhout,
scientifically supported bv the “Dienst voer
Scheeosbouwkunde“ (Office of Naval Architect-
ure) of the State University of Ghent, was in-
volved in this study, as it was expected that
model tests would take an imoortant place in
the evaluation of th* total effect of the pre-
senct of a mud laver on a shio’s performance.

In this aaoer. one particular aspect of the

study is presented : the influence of the ore-
sene» of a mud laver on the vertica! displace-
ment of a shio. This aspect might be of inte-

rest. not only because of the imoortanc* of
souat and trim in determining the allowable
keel clearance, but also because theoretical
calculations of sinkaoe reveal same character—
isties of the motions of th* interface.

These theoretical calculations can be consider—
ed as an extension of a semi-empirical method
for calculating souat and tri« of full shios in
shallow water, This method has O«tn developed
bv Dand and Ferguson, C33, and is in fact only
seai-emoirical if it is used for calculating
vertical displacements of shios navigating in
shallow water of a considerable width, as it is
based on a one-dimensional theory: in narrow
channels, however, no »«oirical assumption* are
needed.

Numerical results of theoretical calculations
are comoared with experimental values obtained
from model tests, carried out in the Hvoraulic
Research Laboratory.

MOOEL EXPERIMENTS
Introduction
Handling of problems concerning a snio’s be-
haviour in restricted waters is of increasing

importance for the HvdrayllC Research Labora-
tory. This is the reason wnv the construe-
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Nrvertheless, it hat b««n decided not
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influence of th» presence of a mud l«v«r on a
thio’* performance

to-wait
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carry
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Although in general a
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program con*id»r»d wx»r» not too
bfcauta only th« low»r to»«d ranga wa* of
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latter
reality, a» most

occur in canala or

hor»ovy»r. the main OUTDO«» of th«
not to obtain auantitativ*
to select a suitable material to simulate mud
on model scale, and to obtain a better insight
into th» physical causas of the changements in
a ship's behaviour.

test program

wa« information, but

Experimental set-up

Th«
with dimensions

tests were carried out in a small basin
32.00 x 2.23 x 0.30 m. Th«

basin floor was l«v»ll«d with an accuracy of

il mai floor and wall» w«r« protected against

penetration of the mud simulating material.

Two shio models, scala 1:70, were selected i a

third-g«neration container carrier (model
dimensions Loo w3.33 mi Bm0.46 a i T m
0.17 a i CS « 0.681 and a product tanker (model

dimensions i Loo » 3.81 m : 3 »
0.16 m: Cb » 0.801
only used for
with
layer
out as

0.39 a : T »
The first-mehtiOhed was
tests aoove a solid bottom,
the other shio model experiments
of mud simulating aaterial
well.

and orooeller,

while
aboye a
were carried
Th« models.*, equipped with rudder
were forced to'follow the
centreline of the basin bv means of a guiding
beam, but were able
sense (see fia. 1).

to move freely in vertical

--T7777777

-77777

Fig. 1.

A wireless communication system between the
ship model and a personal coaoutsr was develop-
ed for control of orooulslon and rudder, and
for «cauisition of the measured data. The
latter were transmitted in a number of eouidis-
points of the guiding beam, separated 0.23

m from each other, and consisted of

tant

- time between two measuring points!

- vertical distance to guiding beam in two

(MA and MF);
force in th«

measuring posts
- lateral two measuring ocsts.
In one particular
interface motions
a profile

point of the basin the
were registrated bv means of
follawing device.

Mud simulating material.

Due to the particular

mud, it is

rheological
extremely difficult

properties of
to find a aate-

rial able to simulate it in all its aspects for
model tests.
It is known that, for snip model tests carried

out in water, it is imoossible to follow both
Froude and Reynolds conditions; the

tion

interpreta-
of resistance
extrapolation
total two parts, and sup-
that the friction part cepencs on th*
Reynolds number, while the residual
dependent of viscosity and is
Froude number only.

tests
techniaue

therefore implies an
consisting in seoerat-
ing the resistance in
posing
part is in-
a function of the

When tests have to be carried Out with
models navigating abov»
rial, the
are still

ship

a mud simulating mate-
interpretation difficulties
increased.

mentioned
The Froude condition can
be fulfilled by choosing a mud simulating mate-
rial with the sam« d«nsity, but it will
tremely difficult to find a material
both Froude and Reynolds laws are followed.
Moreover, th« behaviour of the mud laver is in-
fluenced bv other rheological characters sties-
SUCh as shear stress and.Yield stress. Another
complication is caused bv the fact that the
physical characteri sties ¢jmentioned are variable
with deoth and with

Da ex-
with wmch

tim«.

Several material* which might be accebted for

mud simulation have been studied by the

Exoeriaental set-up (schematic representation)



Hydraulic Research Laboratory and hv Haecon
ftv i

- natural mud, th® rheological characteristics
o-f which are scaled by mean» of chemical ad-
ditivy*!

- artificially coooo*»d mudi

- organic liquid*.

Although th® latter are not ab!B to r»or®*®nt
several imoortant charact®risties, their us»
offer* *om« advantage* i

- th«ir characteristic* do not chang» with
tim«, which is an imoortant advantage in this
»arly inve*tigation »tagal

- th® validity of th«or«tical developments,
ba*«d on the behaviour of a sy*t»m consisting
of two ideal fluid layer*, can be checked,
which permit* the reference of the behaviour
of a *hio navigating above a real mud layer
to an “ideal" situation.

A mixture of trichiorethane and octroi was se-
lected for simulating the mud. The density of
the fluid can be adjusted bv changing the
amount of oetrol.

Thi* material offers the following advantage* i
- solvability in water is :eroj

g
- although the rheological orooerties are not

scaled exactly, the differences are expected
to be acceptable.

rig. 2a. Geometry

r

fest orograe.

The t»*t program consisted of acceleration
tests, steadv-state tests (with constant

soeed), deceleration tests and rudder angle
te*ts.

The** experiments were carried out at several
value* of keel clearance, varving from -0.2 T
to *0.02 T for tests above solid bottom, and
from -0,2 T to -0.0b T for tests with a two-
layer system.

It is not the purpo*« of this article to give a
comolete review of the result* of this test
program. A selection of experimental results
will only b* giv®n to illustrate or to confirm
results of theoretical calculations.

THEORETICAL BACKGROUND

Convention* see fig. 2
g

The ship is moving forward with speed U in a
canal of width w. The solid bottom of the
canal is covered with a higher density fluid
(mud) layer of thickness ;i the water deoth,
referred to the too of this layer is denoted
h(. The densities of the upper and lower -luid
lavers are presented bv pt and p,, respective-

ly.

Si

initial position (U » 0). .
5 «

ccsiticn at rest

— position at soeed U

fig. 2b.

Geometry while navigating with soeed L.
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A carthesian right-handed co-ordinat# iyst»m Th« following Froud« numbers dar«
Oxvz is moving with th# shio. so that th#

origin 0 i» situated on th# hull c*flt*rlin* in U*

th# «atiraUni i th# Ox-txis in th# longitudi- F\i - 3)
nal direction. pointing to th# bowi th« Qi-axi* g h,

vertically uowerdt th# Ov-axis laterally,

pointing to port.

now d«fin«d

It i* assumed that th* disturbance du« to th# P,!

»nie «otion'i« constant ov*r a glv#n cross-

section, *o that o#rturo*ticn* in th# y- and g ST 1
;-directions ar» n«gl*ctnd. IThi* Mim tnat

th# -following fluid v#lociti#s and surface

positions ar» variables of th# longitudinal If I; is eliminated from equations (2) and (4).
co-ordinat« x 1 th# following »xor«ssion is obtained I

- v«locity of th« upp*r fluid(wattr) Ui (xi
- v*locitY of th« low#r fluid (mud> iu? (x)
- fr»« surface position 1, (x) _Vl
- intyrfac« position i, (x)

Th« v«lociti«s u, and uj ar# r«f«rr«d to th« Pi Pi
«oving co-ordinat» syst#« Oxyr, so that ut<0 1 -

and uj<O0. P, Pt L Umnm

Fluid layer v«lociti«s.
«+.fFi 11 </
n L v -
As th# r#f#r#nc» frao* is moving with th# ship,
th« prodl«m is r»duc#d to on# of st**dy flow, Elimination of from «ouations (1! and (31
in which th# ship’s position is fix*d whilt th# yields i
two fluid layers ar« movinqg with a v«locity -U.

r
Taking account of th# simollfications m«ntion#d 1 - — ¢ - F 1 L oo« Pil —
adov«, continuity r»ouir»s that-i hi 2 L u 2 L U

-U w hi « ui (x [w Chj * ii (x) - I, <x>3 - S, (xi
or, taking account of (2) !
(1
; " ) i ut .
U w i w IS * J, (X)3 - S, (x> < (2 fi s

wh#r# Si (x) r#prts«nts th* part of th# section-

al ar»va S(x) b«tw««n th« fr»* surfae« and th« 2
int«rfae«. and Sj(x) th« part und«r th# intei— 1 - I - m
fac». Wh«n th« underkeel cl«aranc# r»f«rr*d to

th# too of th« “mud® lav»r is 'sufficiently

larg«. S, «ouais :«ro. Pi

On th» fr#« »urfac«, application ¢f 3#rnoulli’s 1
«Quation yields ! - Fjlm (9)
Pi =T
1 1
U * - U, *C I (3) Pi
: 2
In th#s« «xprtssions. mi (x) and «i (x) art th«
On th# inttrfac». th# boundary condition is local blockage factors of th« uoo#r and lower
given by dynamic pressure matching j fluid layers, respectively i

rl T S, (xi
Pi - Uis * 9 U - Pi -u,i o *gor, m, (x) (10,

- (p. - o0.) WU (4) m (x) (1)



Eauatloos (7) and (?) Drovtde a svstea oi two

nooiin«ar «ouations with two unknown variables,
-u,/U and -ui /U. In fact this svste* can only
b» solved bv iteration. as the blockage factors
a, jx) and «i (x) vii-Y with th«
th« local free
*l«vations.

local sink«?« and

surface and interface

Verti cal disolaceeent.

binkage and tria can b« calculated as (olio»».
It can b* shown that th« buovancv force per

length unit in a section oi th« shio hull is

given by i
F (x) - g jpi Sv Crv — ZCx)3

- (pi - p,) (B, 1, fs. - s, '1(12>
wh«r« S, * denotes the bart of th« section area
under the interface at rest.
The local linkage Z(x) is given by I

13)

where Zn and r are sinL-aoe aidshio* and trio,

resoectively.

The total vertical force and the noitent aOout
the Ov-axis have to eaual zero i
KL
F (x) dx (14)
-KL
KL
F (x) x dx (15)
T
-KL

Insertion of (12) and (13) yields i

KL
Pi B (ii zn - Tx)
-KL
- (Pi - p,>(B, i, - S, - S, *)j dx - 0
(16)
KL
IPi <Ii - Zm - rx)
-KL
- (p, - p,)B. I, * S - S.*jxdx - 0

(17)

which leads to th« following exoressions for Za
and f i
Co Ai - Ci AJ
Zm (18)
Ao A, - Ajl
C, Ao - Co A,
(1?7)
Ao A, - Ai>
wh«r*
KL
An Bi x» dx (n*0, 1,2) (co)
-KL
KL
Cn Si Pi x* dx
-KL
KL
Pii
* 1 — (B, I, * S, - S.*% x* dx
L Pi
Y
(r.«0,1) (21)
Note : if the centre of gravity of the water-
olane area is chosen to be the onoin 0,
expressions (18) and (1?) ara reduced ts
Co
Im
Ao
KL KL
r pii )
B. dx * i - -1 (B. I, * S, - S;+) dx
PiJ .
-KL SiL
KL
Bi dx
-KL
(22)
C,
A,
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Fig.

L
B, ij xdx *
L o.m
(L
'L
F. =03
"y
0.5,
Z. Solid bottom
several values
blockage factor

HL
(B, I, * S, - S, *)xdx
L
xi dx
(23)
F, zO.S ;
F,,..7
0.5

function ft (-uj/U) for
of Froude number
m, .

and

SHIP NAVIGATING ABOVE A SOLID SOTTOtl

Theoretical calculations.

li th« low«r fluid layer is not present, *x-
ormion (8) takes th* following form
roou»i 1 oo
-V [ - I - m * - F;1 - -*1 0
2 L u L ul
(24)
Th« number of positiv« root» of third-ord*r

polynomial ecauaticn (24) can B« 2. 1 or 0.
d«B«nding on th« valu«* of F( and mt (see tig.
3). According to Constantin*, C43, no r*al
solution can be found in a critical v*locity
rang«. For »ubcritical valu«» of Ft, th*
*mall«r oositive root gives the solution for
(~Ut/U), while tor suo«rcritical values.
(-Ut/U) is given Ov th« larger on«. A* it has
b««n shown by Schijf, C33, it is theontical ly
imoossibl« for a s»lf-sroo*11l»d shio to sxceed
th« »ubcritical velocity rang«: therefore, the
critical and supercritical ranges will not be
considered h«re.
Expressions (19) and (1?) are still valid, but
the second term in th« exortssion for Cn, (21),
disaooears. If the centre of gravity of the
waterolan« area is chosen to b« the origin O,
sinkage and trim can De expressed as follows
*L
3i Ti «x
-'iL
Zm (23)
'L
Bt dx
-iL
'fL
3, 1, a*
-'iL
(24)
t'L
Bt xi d::
-IL

These expressions can also De found in a pao«r

bv Dand and rerouson. tol.

Theoreticallv. the vertical disDlaceraent of the
shio can only b« calculated bv iteration as the
blockage factor is a function of the local



linkage o-f th* thio Z(x) and th* fr** surface
elevation ii (X) !

« « iBe * (27)

where n, « represents th* local blockage factor
*t rest, Sj' th* sectional *ry»a for initial
draught T « T',.ahd Sj, th* »«ctional ar*a for
draught T « T* » Z - 1, . If variation* of th*
local beae 3, with draught ar* not too imoort-
ant, (27) can a* written approximately as i

CONTAINER CARRIER
SOLID 30TTOh

2 4 6 U (kn)

Fig. 4, Container carrier navigating adove
solid bottom - keel clearance 4 7 of
draught trim angii.

Theoretical and experimental risults.

PRODUCT TANKER
SOLID BOTTOM

)

Fig. S. Product tanker navigating above solid
bottom - keel clearance 4 7. of
draught mean sinkagi.

Theoretical and experimental risults.

PRODUCT TANKER
SOLID BOTTOM

2 4 6 U (kn)

Fig. 6. Product tanktr navigating *Dov* solid
bottom - keel clearance 4 7 of
craugnt : trim angle.

Theoretical anc e::o*nm*ntal results.

ol T = L — _ (28)

In most casis, th* s*cond t*rm cf th* rjght-
hang »io« of (23) can b* neglect*0 t

m, i ihi- (27)

to that in practice th*r*¥ it no n**d for an
it¥*ration m«thoc for calculating smkage and
trim

Experimental results.

An extensive experimental program has been
carried out with the tilf-orooelled shio models
navigating above a s.oiid bottom with several
Th* results of
these tests concerning vertical ship model
displacements, together with the theoretical
values, are shown in figs, 4, Z and b.

values of underkeel’clearance.

Mean linkage and trim seem to be underestimated
slightly by theory: this fact can be explained
bv the influence of self-prooulsion. This
effect has been treated by Dand and Ferguson.
[31.

SHIP NAVIGATING ABOVE A DUD LAYER

Theoretical develooments.

If th* underkeel clearance of the shio referred
to the interface is sufficiently large, th*
blockage factor m, for the lower fluid layer
eouals cera, which causes a slight siaalifica-
tion of expression (7).

Th* system provided bv »ouations (7) and (9)
can theoretically deliver, as a maximum, four
combinations of real, positive values

C (-u,/U) , (—u,/U) 3.
Froude numbers F, are considered here, only th*
smaller positive root of (7) will be taken into

As only »ubcritical

account! as a result, the number of real,
positive solutions of the system can be 0. 1 or

As an examoli, free surface and interface
elevation* and f. an shown in fig. 7 in
function of and F,, for on* particular laver
configuration (J/hj, pi/pj). It aopear* that

- normally, two situations ar» possible i oni
resulting into an elevation cf the interface
(r. "o -u. /U I), another into a sinkage
<J; <0 ; -U;/U " DI

- for larger Froude numbers F, and/or largir
blockage factors m,, the situation resulting

into an interface elevation is not possible:
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2-a L. ta

U6

(a) interface elevation

5
oa
PVTT7VTH Y v/ 77v/ 777
(h) interface sinkag*
Fig. 7. T-o-1 *Y«r system Py.'Py “ 1.14 J/h,

» 0.06. Possible free
interface motions
blockage factor nii

Pi-

surface and
in function of
and Froude number

- is th« initial condition I*, =0 | [,
situated on only on« of the
on« can exoect that
will

m 0) is
curves in fig. 7,
small

Cius« an *l«vation,

Froude numbers F2
while large values

-ill result into a linkage of th«

intiriac*.

t-o critical
so««d ranges

Obviously,
thr««

soeed values, and

can be defined i

- at low so««ds. both elevation and sinkag« o-f
the interface ar« oossibl«, but th« first
solution IS «xoected to be th® most "natural®
on«)

- at higher soeeds, both solutions ar* possible

as well, but one can exoect an

sinkagc:

interface

- in the highest soeed range,
sinkaaa can occur.

only an interface

In fig. 8, where it is
values of t-Uj/U) one or two real,
positive roots of eouation (7) can be found, so

shown that for all
> 1,

F =0.5 Fj =10
M
-1
Fj =2.0
Fig. 8 Two-layer svstem i P;/ot * 1.14; S/h2
» 0.04. Function f, l-u./t!) for
several values of Froud* number F. and

relative velocity factor -u,.'U.



Fig.

Twg-1*v*r ivittm

B

Function f, 1-u, ,'U)

lower fluid.laver

* 1.14

.ZL

fvMs - 0.04.

for jeveril values of Froude numoer F,,

velocity fictor

-u.,'U and Slocfcage factor



4.158 that th» nana«r of solution* will alwavs b» 1
or 2.

On th* oth»r hand, fig. 9 »how* that th» number
o-f positive, r»*l root* o-f »auation !9) d»o»nd*
on l-u,/U) and m,. It *»ems that for lower
valu»* o-f i-u,/Ul, such root* cannot b» found
If th» valu»« af F, or a, *r» too highi tht*
fact explains th» existance of th» i»cond cri-
tical *ow»d .valuy»,,

Observation of th» intyrf*c» during experiments

with th» s*li-oroo*1l*d 1/70 «cal» mod»l of a

oroduct c*rri»nr, model t«*t* hav» b«*n carried
out abov« a fluid lay*r with density 1140 kg/mj
and thickn«** 7 7 of thy» draught. During th»s»
tests, th» underk»»l clearance referred to the o
interface was varied from +20 X to -6 X

At low so»*d, Fi< 1, a «aall interface «inkagy»
could S» observed near th» forebody, Under th»
parallel middleoody, this sinkag» gradually
di*apor»ar»d and changed into an interface ele-
vation. The initial interface linkage cannot
be predicted by theory, but thi* i* propably
caused by the simolifying assumptions made
during the theoretical developments. In fact,
th* flow around th* »hio hull i» not on«-, but
three—dimensional ; esoeciaily n**r th* ship
entrance, vertical and lateral velocities
cannot be neglected. On the other hand, th*
effect of these simolification* on shio sinkag»
and trim is very small, esoecially at th* very
low soeedi considered.

When the ship's *p»*d exceeded th* first cri-
tical value, r,» 1, an interface sinkag* was
oo*«rv*d under the entranc», but at *oa* sec-
tion, thi* sinkag* suddenly changed into an
elevation. This phenomenon showed much resem-
blance with a hydraulic jumo in channels,.,
esoecially becaus« th» profile of th* interface
jump described here also developed undulations,
which also occur in channel--} lows at moderate
Froud» numbers (1 < F < -7Z), '"*** Wehausen, C61.
The section at which the interface jumo- occui—
ed, moved toward* the »tern-with increasing
soeed. Th* angl» between th* wav* front and S
th* canal c*nterlin* was approximately 90%,

which »mohasiies th* one-dimensional character

of the flow in this soeed rang*.

With increasing *oe»d. th* tnird critical value
(wnicn deoend* on th* blockage factor) was
exceeded for th* parallel middlebodv, so that
th* interface ,iumo could only occur under th*
shio’» afterbody, or, finally, behind th*
»tern. The angl* between the wave front and
the canal centerline increased from 90* to
aoorox sraatelv I1f. and the interface elevation

attained value* which exceeded the lower fluid
laver thickness »»verai time*. Fig. 10. Product tanker navigating aoove a

two-1aver svitem i Pi-'Pi * 1-14 1
Th* orofile of th* interface for »»verai *o**0s J/h, * 0.06. Interface motion* for
is shown in fig. 10, where th* experimental several Froude numoers r,
results can be compared with the theoretically theoretical orecictions and esaeri-
calculated curves of fig. mental coservatlens.



Vertical diiolac« »nt*

Sinkag« and tri« canonly b« calculated ti th*

po*ition oith« interface jumo i* known. 1i it
it **siun«d that, for th« *o««d rang« between
th« «econd and third critical =<p««a valun*,

thi* ooiition «rav»* gradually with *o*«d from
th« fore *nd to th* ait «nd oi th«
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A* can 6* seen In fig. 9, th«
th* function i, (-u,/U) an th*
parameter (-u,/U) Peernn«**
of th*
expression for this

dependence of
valu* of th*
with decreasing

so that an approximatlv*
speed value can be ootained

values latter,

if (-u,/U) is tuooosed to be zero i
v N 20

Fl - — = (1 - m)3 (1 - —) (30)
crit gh, .27 P,
Th* value of this erltiecal Froude nuooer Is
shown in fig. 12.
Hence, the criteriue for the existance of the
second speed range, and, therefore, th* pre-
sence of an interface jumo can be expressed as
follows (see also fig. 131 i
I I, 8

< - — (- m)l (31
h, h, Jcrit 27

SHIP NAVIGATION IN A MUD LAYER
(NEGATIVE KEEL CLEARANCE)
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Due to th* assumptions and simolifieations made
in the theoretical described
above, th* calculation method certainly has
many shortcomings. Several among these are
caused by the one-dimensional of the

theory i

development*
character
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m waters of considerable width

cannot be handled, as the blockage factors
tend to sere. A semi-empirical "equivalent
width" has to be defined in those cases.
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for iri» angle». It can be expected that re-
sult* will be moroved if the effect of the
prooeller(s) on the flow is taken into account,
and if the blockage of th# lower fluid layer is
not neglected.

However, it is useless to refine the presented
calculation method before the applicability of
the theory on a real mad layer is proven. For
this reason, a new test program is planned 1o
be carried out in the Hydraulic Research
Laboratory i

- The tests with the scale model of the product
tanker will be reoeated above a layer of
artificially comooseti. mud.

- A similar test program will be carried out
with a 1140 scale model of a suction dredger
navigating above a solid bottom, a TC£-B*trol
layer and a layer of artificially composed
mud. As the suction dredger has been used
for full-scale tests above a mud layer in the
harbour of Zeebrugge. a comparison between
reality and model tests will be possible,
which i* of imoortanc* for the selection of a

The full-scale

tests aentioned were executed by Decloedt nv

and Haecon nv.

mud simulating material.

- As it is expected that in reality only the
upper part of a mud layer is affected by the
flow due to the ship's soeed. it is of impor-
tance to know the position of the lower
boundary of this "active tone“. In order to
acouire more information about the character-
istics of the lower boundary mentioned, tests
are planned in the Laboratory of Hydraulic
Research with a natural mud layer with thick-
ness 0.20 to 0.60 s.- It is the purpose to
detect the active tone of the mud laver, and
to check whether the theoretical conditions
for the apoearance of a hydraulic jumo in an
interface between two fluid layers are also
valid for the interface between water and
nud.

Finally, it can be stated that the study of th#
interface and of the flowvel ocities of both
water and mud can give ah explanation for many
phenomena concerning the behaviour of. a ship
navigating above a mud layer. One of these
Phenomena, the vertical motions of th# vessel,
has been handled in this caper, but it can be
expected that the influence on the rom-soeed
curve 1s related to the presence of an inter-
face .luma (second soeed ranae) or a interfacial
stern wave (third soeed range) as well, for an
interface elevation imolies a higher relative
velocity Between the ship's hull and th# water,
whicn not only causes an increase of viscous
resistance. But also affects the prestations of
the Drosti ler(s).
wavemakmg resistance term will have to Be
added to the total ship's resistance.

Moreover. an interfacial

It is clear that thi* paaer does not intend to
give a final solution for ill problems concern-

ing the performance of ship* in muddy »reay,
even-not for those considering only vertical
motions. It is only the- purpose to contribute
to a better insight Intc the nature of the
physical mecnamsms which are responsible for
th# phenomena considered.
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