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Sumesry.

Ship motions and hydrodynamic coeffioients wsre calculated for the models
of ships with two values of block coefficient and @ifferent forms of bulbous
bov.

Tho computed results of ship motionz for two models were ocmpared with
the results of the sxperiment, which was made in the Delft Shipbuilding
Loboratory.
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I.. Intredustien.

It wao proved that for higher cpeeds, where the wave making resistance
acoounts for an important part of the total resistance experienced by a
chip, a serreotly constructed bulb can reduse the still water recistance
congiderably. Lindblad (1), Imui (2) and others (3), (4) showed that by
adopting large dbulb-aress greet reduction ocan be obtained in the speed range
fn= 0.24 - 0.28.

In last years soveral publiocations appeared ooncerning the influeneo
of the bulbous bows on the ship motione in wavem. Dillon and Lewis (5) made
an ezporiment with four models of passenger linerc with bulb sise 0%, 4.5%,
9,0% and 13.5% in smooth water and in wavos. In their experimonta they
found that o wide varismtion in bulb size has a rather smell effect on the
ship motions and resistance in waves. Thoy etated that a choice of a large
bulb oould bs done on the basic of calm waber resictanoce.

Doust (6) in his experiments with travless found that the epeed- loss
in wvavos is less for the bulbouc bow form for Fn>0.22, below - the speed
leoe is largey than for tho conventional form. Depending on the wave-chip
longth ratio and speed the motions of the tiiavwler with bulbous bew in
rogular hood wveves are larger or less than for a ship without a bulb.

Takouawa (7) investisoted tho performence of the dostroyer medel with-
out bulb and with 26% buldb. In hic rooemreh he came to the comsluzion thai
the large bulbous bov can dgorsese the ship motions, but it coneerns only
piteh emplitudes, because no data for heave are given in Takesawn's paper.
The thrugt inoreace in vaves of the hull with large bulbous bew was
@lightly bigger then that of the ordinary hull due to the reduction of the
propulocive officiency in waves, vhich was eauscd by the dewresse of the
moen irmorsion of the propeller, and due to largor reesistance inorcass in
vavoad. The total EHP in irregular waves seamed to be less or nearly oqual
that of tho oenventionsl hull, gxcept for the cace of the very high coas.

Gerritome and Boukolmen (8) cempared the performances, with rogerd to
Botions and propulsien in longitudinal irreguler waves, of & Cp = 0.65
Sories Simty hull and its modificatien with 10% bulb and eorrespendingly
medified forebody. It wes shown that the bulbous bow has & cmeller pitehing
motien but an ineorcased heaving motion in ccmparison with the parent model.
The difference appoared to be not large, and it was conoluded that the

ship motions in longittdinal waves were not much influenced by the bulbous
bov.




The same was stated for the wetneas characteristiocs, for there was no
strong indiocetion that the hull with bulbous bow had better qualities

than the parent medel. As te the prepulsive performance in waves it was
shown that the power increase was largor for the ship form with the bulbous
bows the same for the inecreeso of terque and revelutions. Based on the
average weather conditiens the difference in prepulsive perfermance be-
tween the two ship forms was estimated to be small. A conclusien was made
that fgr that considered particular ocase the bulbous bow did not have
superior qualities in a seaway.

Wahadb (9) investigated the behaviour of a fast cargo liner (cg = 0.62)
with a cenventional and with a bulbous bow (17.2%) in a seaway. He feund
that in regular waves the added resistance due to the waves was higher for
the ship with a buldb than for the ship with a cenventienal bov,:esposially
vhen the waves were lenger than the ship's length. The pitching metien was
8lightly reduced by fitting a dbulb, the heaving metion and the relative
metien between the ship and the wave surface were beth reduced in rather
short waves and increased by the bulb in leng waves.

Experiments in irregular saas showed that the speed incroase due te
tho bulb with censtant power was smaller in adverse weather than in smooth
vater. The advantage of the bulb was expooted to vanish in bad weasther. The
prebability of shipping gresn wator and slamming waes small fer beth bew
sonfigurations in cea states eorrespending te vwind fercos unfder Beeufext 8.
in oxtrcmely bad.wosthor;»Beaufort € and Migher;the bulb caused an imcwessed
liability to slamming.

Ven Lemmoren end Pangalile (10) made oxperiments with medals of a
24,000 TWT bulkoarrier (Cp = 0.764) with conventienal and bulbeus bew (9%
in full leed conditien). They perceived thot in: leaded condition appliestion
ef a buldb had hardly any effect on power beth in still water and in vaves.
In ballgnt oondition a gain in speed was ebtained by bulb for specds abews
13 knots. Bending momcnts were net affected adversely by the bulbous bew.
Relative motion of the bov was decreased notiesably by the bulb fer the
ehip in f0ll leadscenditienm; in ballast cendition there was mo difference.
Pitehing motions were practically the same for the models with and witheut
bulboue bew.

Ochi (11) made model experiments to determine the effect ef a bulbeus
bev en ship's slamming. The oxperiments were cenducted on twe models,. the
mariner with 4% buldb and medified mariner witheut bulb.




From the results of his experiments he made eenclusions that the mariner

had less resistance than the mariner without bulb, both in still water and

in waves, bow acceleratien for the mariner was less than that for the modi-

fied ene, howewer, the pitohing and heaving motions for the mariner vere

larger than those for the medified maringr. Slammins. peeslswation feor the mariner
wvas & little less at cemparatively lov speed but bscame larger than for the
modified mariner at high speed.

Van Mater (12) made an experimental investigation of the behavieur in
calm wator and in waves of a model equipped with an extremely large bow and
stern: bulbs. It was found that suoch & ship had advantages related to the
resistence in calm water and in waves in ocomparisen with cenventional chips.
Pitching metiens in head waves were cubstantizlly lese fer high speeds, heaving
motions were largor, especially in leng wavea.

Smith (13) and Smith and Salvesen (14) mede en investigation the main
objeotisie of whieh was to prove the validity eof the Korvin-Kroukoveky strip
theory fer high speed destroyer hulls with large bulbs. It was stated (13)
that for shipo with bulbous forms the usual Lewis-form statien repressatation,
vhich was used in most strip theery ship motion computer pregrams could give
rooulis, which differed from those obtained frem strip theeries utilizimg
a moere acocurate olose-fit ship section representatien, and for thic reason
& nov eloso-fit methed was develeped and used in that work. The heave and
pitoh amplitudes and thoir phasce angles werc cemputed fer twe hull fomnms;
the Davidsen A destroyer and the Pricsland class frigate. The. "Davidoon A"
bhad larger heave amplitudes than the "Friesland" for the entire wave-length
rangoj the pitoh, on the ether hand, vas increased by the bulb in the long
wave renge and deorsased in the short wave rangs, the heave and the piteh.
phases vore redueed by the effect of the bulb by as mueh as about 70 dogroens

The cemputatiens show that the bulbs in goneral have theeffeet of
inereasing heave vhile decreasing piteh, but most experiments with destreyers
with large sonar domes did net show this large difference as indicated by
the strip theory. For this reessen in (14) it was decided to test carefully
the "Davidsen A"; by investigeting different testing techniques and the effect
of nen-linearity and to comparc experimental results with computations.
During the oxperiment it was found that heave staff technique, which
practically universally has been adopted for measuring piteh and heave in
head waves, could seriously affect the neagurements,




Hullse with large bulbs have eencsiderebly larger heave reaponse than the
regular ferms. Finelly fmec-running tests wore porformed in regular seas
vith the medol solf propellod snd remotely steored. The investigation of
nen-lincar effeet cshewod a dtvorecse in the non-dimensional heave amplitudes
with en increase Of tho wave height. The pitoh respenses were found te be
affeoted similarly by the vave heoight, while the pitch and heave phases
wore not influoneed by tho chenge in wave hoight. The final experimental
rooults were ccapared with cemputod rosultc obtained frem (13), vhore the
program vas written according (o the Gerritems~Boukelman versien of the
Korvin—Kroukevﬂhr strip theory (15) and cach ship section was reprosented
asseuratoly by the elose-fit mapping proecdurs. The cemparisen shewed goed
afirecmpmt botwesn cemputod results and froo-running oxperimental rocultao,

Boukelman (16) oxperimentally detormined the coefficionte of oquations
of ship motiens and wave foroos and momonts for the model ef the Davidsen A
dostreyer. Tho mooourcd rosults voro ecapared with tho rosults of cemputa-
tions baood on two redod: of strip theexy and on e "retienal® strip theery
fexr slendor bodics. It was chevm that im mest eaces experimentally dotermined
ocofficionts better agroed with cemputed results accarding te (15). Tho
ealenlatod ship metienc according to difforomt versions werc rathor noar,
but it woo peintod out, that in the limit ea0e ef infinite leng wowves the
nen~dirensienal motien eoplitudes Zik, end 6a/k®, cheuld temd, e tho
value 1 cad tho phnseo englos for hoovo amd piteh sheuld roapee iRy end
to 0 and 90 Gegroec. But thic tendoney ia only ecrreet for the motiom
rooulic aoeording to version (15) and appears te grov more importont £or
higher spoocds. “

In the precont papor there axe presentod rosultc of oystemetie egle
eulatdsns, whish Wore oarriod eut for modols with twe waluss of blook
cooffieiont with eemvontionnl and bulbous bopo. It is.chewn that.bulbeuo
bewo havorwere influencs on the ship moticns fer models with emell bloek
ocefficiont than for models with higher valusc of bleck coceffieiocnt. The
ecleulated values ef the ocoefficients of equatienc ef chip metions ave .
prescntod. Pinally. the caleoulated repmits for twe medels are comparod vith
experimontal datas; the agroemont appoarod to be mather goed.




IT Medels.

It is knewn, that in the present moment bulbous bows are used for
different types of commercial ships, starting from highaépoed cargo linex
with rather small values ef block ceefficient (Cp== ’6.60) to huge giéper
tankers with high valuss of block coefficient (Cg= 0.80), In these inves-
tigations it was decided to determine the influenes ef bulbous bows on
motions of ships with different valuem of bleek ceefficient. For this reason
two groups of models were oonsidsred - omo on the basis of Sizty Series model
with Cp = 0.65 (5 models), the othsr on the basie of Sixty Series model with
Cg = 0.75 (3 models). In each group the cémparison is made batween the medel
with conventienal bow and two modifications, each with an added oylindrieal
bulb of 10% and 20% of the middls crose section. Cylindricel bulbs are
based on a sphere located in front of the ship, while the centre of the
sphere is always in the longitudinal plane eof symmetry of the ship on the
F.P., and the lowest point of the sphere is on the base line.

Two modifications of Sixty Series with Cp = 0.65 have the afterbedy of
the eriginal model and 10% and 20% bulbous bov with correspondingly changed
forebedy acoerding to (1).

In table 1 ¢he main partioulars of the models are given, thoir bedy
plans are given in figure 1.




III Caloculations.

In the present moment several versions ef the strip theery or of the
slonder body theory are used in different ship-motioen computer programs.
These are: Gerritsma - Beukelman version of the Korvin-Kroukovsky strip
theery (15), versions of Vugts (17), Blagowetsjenskij (18) and Netsvetaev
(19) and a "rational" strip theory for slender ships by Ogilvie and Tuck
(20), the later is used in the Frenk clovo-fitship-motien sexputer program (21).
It was not the task of present work to investigate different versions of
theory, so keeping in mind the results obtainad in (14) and (16), it was
decided to use for the present calculation the standard ship-motion com-
puter program of the Delft  Shipbuilding Laeboratory (13), (15) and (16),
according to the first mentioned version.

In this program the coefficients of the squations of motion are for
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In (14) and (16) it was shown that for ships with a transcm stern
it is necessary to take into acoount the: eonding terme, this is the added
mass and damping ceefficient for the stern oross sectien. In the case of
ships with a bulbous bow it 1s necessary te take into account the added
mass and damping coefficients of the ocross sectien on the forward perpen-
dicular. So in our case the coefficients of the equations of meotion are
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The two dimensional added mass and damping of the oross sectiong were
received by using Ursell's (22) solution for a oirecular oylinder oscilla-

ting at the free surface. Fop this reason the conformal transformation of
the oress section to the unit cirgle ves used.




The methods using a three coefficient or Leowis-form transformation
are usefull for oross sections of oonventional ships (Tasai (23),
Grim (24) ) but fail for sections with oxtreme shapee. In this ocase
it is necosscary to extend the Lovis form transformation to a multi-
coefficient transformation as given by Smith (13) or de Jong (25), or
to use the close-fit mothod developed by Frenk (21). In our case it was
decided to use the trancformetional method whish is given in (25).
This method allows to receive up to 19 transformational coefficients
depending on the form of the cross ssotion and on the given ascuracy.

Only in extreme cases (with 20% bulb) vhere the above mentioned
methed failed, the (13) method is used, which gives up to 61 transfor-
mational coefficients.



IV Analysis of the caleulated results,

The ealoulated ship motion amplitudes, phase angles, wave forces and
moménto, the soefficients of the equations of motion for different modals
are given in.a nen-dimensional form as follows:

for heave for pitch
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vhore Ay = I.nywix and Ij, = Lfywzzdx.

The oaloulated ship motions and their phase angles for different modelo
are given in figures 2 = 9, for Fn = .20 and Fn = +30. From those figures
it is poesible to see that the bulbous bow increases the heave amplitudes,
practically in the whole range of waves. A greater bulb causes a stronger
inorease in heave amplitudes. For the models with a low block coefficient
the inorsase of heave amplitudes for oylindrieal bulbs is practically the
sam¢ as in the case of changed form. For the models with a high bloek
coefficient the tendenoy of the change of the heave amplitudes is the same,
but the difference between models with conventional bow and with bulbous
bow became less. At the same time it A interesting to note that the in-
creage in heave amplitudes for alli models is practically independent of the
speed, 80 with the increase of model's speed the relotive increase of heave
amplitudes beosmo less.,

The pitch amplitudes of the models with bulbous bov are, generally,
larger than of the models with conventionsl bovws in long waves and less in
short waves. The bigger bulb the greater differencs in pitch emplitudes.




The wave length fer vhioch the models with bulbous bow became superior in
pitoh amplitudes depends on the model's speed} with the inerease of speed
the bulbous models became superior in pitoh for longer waves. At the game
timo it is showed, that for the modole with & low block coefficient the
difference in pitch amplitudes is mere signifiocant, than for the models with
a high bdlock coefficicnty this difference is very small in the whole range
of waves.

The pitoh and heave phase angles for all models are practioally not
influenced by the bulbous bows. For the models with a low block coefficient
it is possible to notice, that the difference in phase angles between
the models with conventional and bulbous bove, is greater for pitoh phase
anglee and less for heave phase angles, vhile the models with a high block
ocoefficiont practically show no differencs.

Ye may conolude that bulbous bows ccuse larger heave amplitudes, and
inorcase in pitoh amplitudes in long waves and decrease in short waves,
the last depends on the ship's speed. Tho metions of the ship with & low
block cogfficient are more influsnced by a bulboua bow than of the ship
with & high block ceeffieient. The phese anglos a¥e met influsnecd by the
form of the bow.

The oaloulated coceffiocientsef the equations of motions are given in the
figuwoe 10 -~ 26. as well as the wave forces and moments.

Conoerning the coofficientsc of the metion oquatiens it is apparcnt that
coafficionts "a" and "A® are practiocally the cemo for the models with
oonventional and bulbous betys, their valucs are independent of the form of
the bov; 80, added mass and added moment of inertie of a ship are net
influencod by the bulbous bow, ‘

Coefficients "b" and "B" for models with bulbous bew are smaller than
for the models with convontiensl bow, the differeneo is bigger ot low
froquencics and doorsasec with the increase of frequency. The differenco
in ceeffiecient B is dependent on the speed and inorenses with the inorcase
of opoed. For the models with a high block soeffieient the differcnec in the
coeffieients “B” and "B" is smaller than for the models with & lew block
coefficiont.

As to the oross oeupling coefficients "d", "D", "e" and "E" it is
poosible te soy that the differcnec in the coofficients "d" and "D" for models
vith oonventional and bulbous bews is vory emall, the coeffieients "" and
"E" are more oonsitive for the form ef the bew, but at the seme time the
difference in theve coefficients is praotically independent of the specd.




The oomparison of the caleulated valuos of the wave exciting foroes
and moments shows that the bulbous bow practically don't influence themj
a small differsnce could be found only in short waves for the models with
a8 lov bleck coefficient.

From the statements which were made above it is possible to concludc
that the main difference in motions for ships with conventionsl and bulbous
bows is caused by the difference in coefficients of the equations of motion
wphH, WB", %o" and "E", As it was shown by the preliminary ocalculations
the magnitude of these coefficients (especislly of the oross-coupling
coofficients) to a high dogroo deponds on the accuracy of determining the
seotional added mags end damping of the ond cross seotions, so the bulb
oross seotions. And as this acocurecy is mainly defined by the gocurcey of
the oconformal transformation of these oroes sectioens, this problem must be
treatod very carefully. From thic point of viow it is diffioult to agree
with the statement made by Beok in (26), that cvem the poor repreocentation
of bulb type sections by a Lowis form doee not influence the resulted ship
motions. Such a statement is posesible only in tho occse that the ship motion
squations ere solved without taking inte ascount the end torms.

It wos-shsua by Ursoll and Porter that semisubmerged oireular, elliptie
and Lowia ferm oylinders give rime to non-zore foroces for hoaving eseillation
at finite frequencies in desp water. Motora and Koyemz (27) had nceowred
the heave oxoiting foroes on cireular and elliptic oylinders with vertical
gtruta in regular waves. Their results indicated the excictense of almost
veniching minimum forces for some of thoir test models. Thoy conjectured
that corresponding to these minimum exciting foroes on the tested bulbous
forme, the damping coefficients for the respsctive wave number must be prac-
tically zero. Frank showed in (28) by direct oemputation that for different
bulbous eylinders the damping vanish for some wave numbers; this wave number
depends on the geometry of the bulbous eylindor. From the saze otlsalations
it could be sgen that the added mass of such oylinders is also dependsnt on
the geometrical form.

From thig it might be posaible to draw the conclusion that in special
oases by o pardieuldrly cemstrected bulbous bev % is pascible te zevoive a
eertain chango in ship motions in some range of waves and speads. But this
quostion needs additional and thorough investigation.

In the precent moment it is powsible te say that for trangpert ships the
bulbous bew leads te the incroase of heave amplitudes, while pitch amplitudes
in most cases are inoreased in long waves and decromssed in short waves. But

the last depends on the ship's block coofficient and with its inorease the
difference became less,




V. Experinent.

In order to check the possibility of the strip theory to prediet
the pitoh and heave amplitudes and their phase angles for hulls with &
bulbous bow, an experiment was made in the Delft Shipbuilding Laberatory,
with the ship models (Cp = 0.65) with a conventional bow and with & 20%
oylindrioal bulb. The prineipal datas of these models are given in
table 1. The models were tested in the small towing tank in regular waves
A/L = 0.6 = 1.6 with a constant vave height of 2% = 1/50 L and a speed
range of Fn = 0.20 - 0,30,

The results of the axperiment are shown in the figuwes 27 -~ 28.

The results of the experiment show that the model with a bulbous
bow practically in all waves has smaller pitoh amplitudes than the model
with a conventional bow. The heave amplitudes are prastically the same
for beth models in the range of waves which was investigateds enly fer
long waves the model with bulbous bow shows the trend for higher heave
amplitudes than the model with the conventional bew.

The heave and piteh phase angles are practically the seame for both
models.

During the experiments the added wave resistance fer beth medels was
measured; it appears, that the model with the bulbous bew has higher
added wave resistance than the model with the conventionsl bew inithe
vhole range of waves and speeds (figure 29).

The results of the experiment were compared with the ecalculated
results. It was done for the modeol with Cg = 0.65 and 20% eylindrical
bulb, which was tested during investifations, and for the model Cy = 6.65
with 10% bulb and changed forspart; in this case the experimentsl regults
were taken frem (8). The results are shown in the fig@ros 30 .- 33,

From the eomparison it is possible to see that experimental and
caloulated piteh amplitudes are in a rather good agreemont; the seme ceuld
be said about heave and pitch phase angles, For the heave amplitudes, it
appears that the measured values are smaller than the ealculated once,
espeeially in the resenance region. But as it was stated in (14) the
experimental heave amplitudos are greatly influenced by the applied test
teehniquo. In our experiments the model was tested with a heave staff,
vhieh aecerding te (14) ean dgorease the heéve amplitudos, bescuse they

are very sensitive for all extra friotion:that ceuld cceur in the heave
staff,




However resont tests in the Shipbuilding Laberatory in Delft, the results

of whioh would be published later, shows that non-linearity may be the

main reason of the derivatien between caleulated and measured heave metions.
It is possible te cenolude, that strip theery can prediet ship metiens

for hulls with bulbous bow with sufficient accuraoy.




VI Cencluaion.

From this investigation the follewing eonclusiens can be derived.

For a normal transport ship the bulbous bows cause an inorease of
heave amplitudes practically in the whole wave range. This increase can be
very significant and depends on the bulb size - the bigger bulb the greater
increase of heave. The pitoh amplitudes in most cases are decreased in
short waves and inoreased in long waves, but the difference in pitoh ampli-
tudes is not so significant. The pitch and heave phase angles practically
are not influenced by the Wulbous bows,

The influence of the bulbous bows on the ship motions is groater for
ships with low values of the block coefficient and rather small for ships
with a high block coefficient.

The comparison between the calculated and experimental results shows
that the theory can quite acourately predict the piteh and heave amplitudes
end their phase angles for hulls with different bulbs.

tYhile using ehip-motion oomputer programs it is necessary to pay mgoh
attontion to correoct close-fit representation of bulb seotions, aespecially
for thosc located near the fore perpendicudsr. The accurately caloulated
oootional edded mass and damping for such oross sections will lead to
more correct ship motions results.

At the same time bullbous bows can lead to the inorease of added resis-
tance in vaves in comparison with conventional ships.
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Table 1.

MODLL  DIMENSIONS AND PARTICULARS.

Model designation Series 60 |I modifi- |II modifi- | Series 60 Series 60 | Series 60 | Series 60 Series 60
and condition cation cation plus plus plus Plus
cylindrical |cylindrical cylindrical [cylindrical
bulb bulb bulb bulb
Displacement 56.970 56.970 56.970 57.300 58.020 75.300 75.660 76.210
2 | Length between
perpendiculars 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26
3 | Breadth 0.311 0.311 0.311 0.311 0.3%311 0.335 0.335 0.335
4 Draught 0.125 0.125 0.125 0.125 0.125 0.134 0.134 0.134
5 | Block coefficient 0.65 0.65 0.65 0.75
6 | Midship section
coefficient 0.982 0.982 0.982 0.982 0.982 0.990 0.990 0.990
7 | Prismatic coefficient 0.661 0.661 0.661 0.661 0.661 0.758 0.758 0.758
8 | Naterplane coefficient 0.746 0.733 0.728 0.746 0.746 0.827 0.827 0.827
Half angle of entrance 9.1 7.8 7.0 9.1 9.1 22.5 22.5 22.5
10 | Centre of effort of
waterplane -0.060 -0.076 -0,077 -0.060 -0.060 -0.016 ~-0.016 -0.016
11 | Centre of buoyancy -0.0113 -0.0099 -0.0026 -0.0048 0.0060 0.0299 0.0347 0.0419
12 | Longitudinal radius
of inertia O.25LBP 0.25Lgp O.25LBP O.25LBP O.25LBP O.25LBP 0.25Lpp O.25LBP
13 | Bulb area in percent
of midship area 0 10 20 10 20 0 10 20
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Damping moment coefficients "B".




CB= 065 +cylindrical bulb

| ] I | | | | [ | i
25— — 01251 —
20 0100
15} 0075
—
= d
(N m
E =
F o0 —{ 0050}
———  without bulb
— 10% bulb
—_— 20% bulb
I | | [ [ | | 1 | |
0 1 2 3 A 5 0 1 2 3 4 5

wVl/g" —— wlfg ' —

Flg 15 Coefficients of added mass moment of inertia "A" and damping moment "B" for Fn = 0.20.




CB=0.75 + cylindrical bulb

I I l I l T
25 0125
20— 0100
15 — 0075
—l
N;: (@]
< : =
Qo
+ 10~ — 0050+
without bulb
—_————— 10% bulb
0.5~ — 00251 | —
—_ 20% bulb
| I I [ I | | | | |
0 1 2 3 4 5 0 1 2 3 JA 5

wVlfg ' — w\/w ——

F,g'ls Coefficients of added mass moment of inertia "A" and damping moment "B" for Fn = 0.20.




CB=065

I | il |
0.75(—
050+
f025——
-
o>
Q.
o
without bulb
————— 10% bulb
-025 —
—_— 20% bulb
I I N I |
0 1 2 3 4 5
wVlfg " —=

Flg 17 Mass coupling coefficients "d@" and "D" for Fn = 0.20.

V =const.

| l

-025(
| 1 l I
0 1 2 3 4
wlfg = —a=




CB =065 + cylindrical bulb

)
P
—

! I [ | !
075+
050
f0.25—
oS
(ol
o——F
without bulb
————— 10% bulb
-025— — -025-
_— 20% bulb
l | [ | | |
0 1 2 3 4 5 0 1
wV'—/g ——

Flg 18 Mass coupling coefficients "d" and "D" for Fn = 0.20.

2 3 A 5
wl/fg —




CB = 0.75 + cylindrical bulb
|

[ | I I [
075—
050
f 0.25—
-
]
Q,
o—
without bulb
_————— 10% bulb
—025\— ]
—_— 20% bulb
| I l l I
0 1 2 3 4 5

F|g19 Mass coupling coefficients "d" and "D" for Fn = 0.20.

1 I
3 A
wV L/g —_—




CB=065 V =const

[ I l T | I [ l |
without bulb
————— 10% bulb
050 — 0501
— 20% bulb
Q25— - * 0251
f \
N
I _J \\i \\\\\\\\ =
E’ 0 —_ &.’ 0 f— T —
2 >
< a8
Py S~
@ m
-025— —_ _ —~  -025
e
z
050 —  -050—
| | ] | l | I I l |
0 1 2 3 4 -5 0 1 2 3 4 5

Fig 20

Coupling coefficients for damping "e'" and "E" for Fn = 0.20.
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Fig 22

Coupling coefficients for damping "e" and "E" for Fn = 0.20.
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