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TRACT

A fiber optic L.ser Doppler Velocimetzy system was
developsa for the flov measureusnt around s ship acdel in
the toving tank. 1a¢ systam -vaa ieed to mersure unsteady
flow in front of sn oarsting proprller in tha turuing
cond'tion of ¢ ship model in ovder to grasp zhe
charsctaristics of propeller inflow field curing tha
transient turning wotion. rom the seacured deza, it is
found that the propeller ioflow fieid changes
crmplicatedly with heeding angle of the ship modsl ¢uring
the cransient turning motion, ard the axial velocity
gradient in circumferential direction decsmu stespar »s
s vhule.

The present measured data are considered to be
uteful to understand the characteristics of propelier
infiow in the trancient turning condiinn and to devalop
Bote prec.se prediction method of ship maneuvaring uotion
and propeller vibratory forces.

INTEOXICTION

In recent years, the wozldwide environmenta) prables
becomes major intervest in pokitical, ecleutific and
engineering fields and variows countermiasures era
discussed for procection of the eacth envircament. The
grounding accident of the very lsrge crude ofl carrier
“fxyon Veldes® {3 198% zoeulted in the turning point of
veconsidering the ship structure, operation and s forch
do the shipbuilding industries and chipping worlds.

0n the other hand, the Sub-Cosaiteee on 3hip Design
and Equipment of International Haritime Organization (INO,
1723, rvecosownded that the maneuvering infaocmation in the
forn of the pilot cazd, wheelhoyue poster and saneuveriog
booklet should be provided for the sake of the safty in
asvigation. Thie azans that Eore precise svaluation and
prediction of the ship maneuverapilicy are desived for the
prevention of cil pollution by collislons, rammicge end
groundivgs of ahip.

the nuaerical sisulation of ship waneuvering sation
Lo one of the moer practical predicuion and evalustion
oethods of the ship maneyverabilley. Kowsdays, the
aunerical sfvulation mathod Ddased 1 the hvdrodynusmis
force mOddL wun predicy fmarly well vh: paneuvering
perforsance, such ss cterdy state turning chavacteristics
(Fujino, Kijiwa ¢ Hamaworo 1680). However, ware preclee
predicticn of the characteriastics of fnitlal phawve of
turning motion e cousidered to be usefui for the
pravantion of the colllelon and prounding. These
maneuvering chacscterietics er: considered to comnsct
clogely with the atern Slov field at transient phase of
turning beforr a ship ceeches a steady turning. It is
also experienced eometizes that 3hip etern vidraticn
becomay larger durisg transfent tuming wotion rather than
ruanieg An a etraight Or in steady turtlng motion.

These fects muggeot that propeller inflov st the
etranslent condition such as the initial phase of the
turning chenges coneiderably from that at the cteady state
coadition. la ooder to predict more precisely ship's

massuversbility and propelier vibrutory forces, thezefora,
it is necessary to laow the prepeller inflov s. the
transiont cound.tion, which affects significincly on “ka
thrust, corquo asd eide fories of the propeller.

Usually, seasuretaut of steady flow azound a ahip
wodel in a towing vank is conducted by use of multi-holy
pitot tube. Recently, flow msssurementc around ship
modcls in oblique towing condition were made by use al
smulti-hole pisct tude for development of marhasatical
oousl in ship mansuvering motion and further understendsi g
of a relationship bucwesn £low fiel? around a ship and
hydrodynemic forces :cting on the edi~ (Haisoguchi 1984,
Honaka, Puve & Himurs 1986, Mateuss -0, Susmitsu & Xusakaws
i986).
Oa the other haai, as sxosplen of unsterdy flow
seaturement azound ship models. atern fiows of ehip models
in vaves «ore messured by use of laser Doppler Velocimatry
‘Aslbers end ean Gent 12984) and a propeller type
velacimatar {Himeno Charg & Ohishi 1988). Howsver, to the
cuti;ors lmowledga, there s no paper with respect ww
unateady flow massurement in the vicinity of an operating
propeller at turning motion, to which the pitot tube can
ust be applied,

In the presant study, a fibar optic Laszer Doppler
Velocimetty syeten i developed and L used to Bwasure the
unsteady flow in front of an oparating propeller in the
forced turniag sotion of a ship mcdel. Aad in order to
clarify the characterierics of propeller inflow et the
teansient cturning condition, instantansous velccity
distributions st the plane in frome of the propelier ac
each heading angle of initia)l phaee of ruraing are
obtajned from the measured data. For tefersnce, propaller
forces av2 calculnted ueing the above instentangous
velociey distridutione to exanine gualitativelr the
feature at turaing motion of ehe ship.

FIAIR OPYIC LASER DOPPLYR WELOCIMETRY

A fev systems of Laser Doppler Velocimetcy (LOV)
wete applied to the flov meadurements in s towing tank
(Rérschoecs and Lzudsn 1980, Foy and Kin 1524)., The LDV
system reguives a cvelatively lacge strut to auppoct e
prabe and to conduct the laver hesss thwuugh the wates
sucface to the prode. The mtcut sy disdurb the flow
field appreciably, espacielly vhen the ahip modal s
turning. A fider optic LDV adding flber uptics to the
teaditiona, LDV systes is suiteble fur flovw measuzesent
aear ¢ ship acdel in a toelng teck because only a small
prabe cen be plrcad dizectly In the flow without creating
an appreciebie disturbince and the probe conrectiag with
tlexibaw Eiber optic cadle is Bighly waneuveradie. & fev
spplications of fiper cptic LOV in rowing tenk were
teported co far (Pro, Jessup & Uuang 1927, Hocquet 1987,
Zakugave et sl. 1080).

The vweo.cokponsnt Siber optic LDV syaten for the
towing tenk of the Npgasaki Research end Develiopaant
Centey, Mitsublshi Heavy Industries (1) wes developad.
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Tabis 1 Main Characteristics
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#ig.2 Block Disgraa of Pider Optic LDV

The schematic description is showm in Pig.l. The systen
consiste of a laser tube, an opuics, & proba, a cnuntes
processor, a traversing wachanism and a ainicemputer
(EWS). Host of them are placed on the cowing carziage of
the tank and only the traversing mechanis® connecting mith
probe by supporting strut is sounted oa the ship woadel.
The cylindrical prad: with ceonz at the head is 453 in
dismeter and 200sm long. end fa placed in the flow in
parallel witp the canter plane of the ship mndle. The
lssar bheans and Dack-scattered lights are turmed to the
direction of vight angle by a prien placed at the head
cone of the prode. The prade is connected to the optice
oft the carviagz with & flexible E£ider opuic cedle, of
which dlaweter s O and lengih i 10m.

The minicomputes (Hewvlesz-Pacikard Hodel 3221 45 ueed
to control the travarsing eechinian in hofigontal and
vertical dizections wich an accuracy ol ¢.lmm, (O monitor
the maasured velocity date and to atorye them onh diec. The
watn characteriastics of the tider optic LOV ave d2aceibad
in Table 1 and the hiock disgraz e shown in PLg.2. A
beanr produced by & 4 watt Argon lon lazer ie separaiad
into tvo paire of iacident beamy, qeewn (waww lengeth of
314.5nm) sud blue (wase Jength ol <28na) by e colour
sepacator and beam aplitters, whier sre fncluded in an
optical uhly  together vith four Rraggcella and
phatomultiplier. Tour laser heams are transmitted Lo 8
prode by polscizatioaspieservivg tvehenitetog Iibers, The
teanss pase thyough
tvo focusing lens
in the prodbe and
intersect esch
other with
crewsing sngle of
8.5 deyrees and
the focal distance
iy 00w Thae
oeasuring voluae
ie adout O.1sm in
digmeter and ). Tmm
in  length. The
counter type t 1 [ T, |
sighal processor 00 05 10 15 0
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yig.» Compariesn of Steady State Velocities

" Messured by Piber Optic LDV and Seliols

pieat Tude

sczrteved by particles im the flow.

In opder to verify the spplicsbility of this fiber
optic LIV in the wowing tank, flov sessuresznts wete
pecfornsd in a untform fiow fioatly by mounting the fiter
optic LDV on the towing catriags. As ahown 4n Fig.d, the
messured veiocitien cosncide wall with ihe carrfuge speed
and the spasuresint essor de witkin 1I. Bext, the wiesdy
state vilocity weasurements were carvisd out pt  the
propaller plane of a ahip model by the £iber optic LOY snd
are comphred with thome by S<hole pitat tuba av shove 4o
Fiz.a. A fairly good agresment La obrarved exgept &
porition of #/8 = 0.7 where lavge velocicy fluctuction is
massured.

PROFILLER THPLOW WLASTRBNWES

Before the propeller inflev rassutenents 3 the

_tranedict tursang cooditdon, veriffceticn of cnagasdy flow
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7ig.6 Verification »f Unsterdy Velocity Hsssuresments by
Fiber Optic LDV

messurement by the fiber aptic LDV war made. The probe
vap fized to X.Y corcisge of Che Seskeeping and
Mansuvering Basin of MHI, of which dimensions are 190m
long, 32 wide aud 3.3m deep. In this measurement, the
probe of fidber optic LDV iz in open coaditien.
Actordingly, the maasured velocity must exactly coincide
with the valocity of the X-¥ carriage, which can be driven
an acrbitrery horizontel motion over the basin. The
results are shown in Fig.% vhen the carviage was driven to
uske 3 sinuscidal wotion with constant advance apesd.
Pig.6 is an another sxample. In this ceee, the carrisge
wes driven guice srbitcavy. Two velocizy components ¥x
and Vy seapurad by the fiber apuic LDV (PLV) spgree well
vith thees of the capriage. It can be said, therefore,
that the prezest fibor optic LDV is «pplicabdle to messure
the velocity of unezasdy flow in thy xsim.

A very is.ge crude oil carrvier wadel of about T
lon) vas used for the fidar optic LIV measuremetits of the
flovw in front of «n operating propelier af sbout 0.33% 4n
dismaver in the fnitiel phawe of tugning sonditlon. Th=
probe traversing sechanien vad mounted on 3Ry top of the
thip wodsl and the 2iobe ves arvenged pstailel to the
prapelier avaft  axis to aessuzre the grial  snd

cirguaferentisl velocity componints. MHussurez#nts were

nzde enly upper half vegpion above propeller shaf:. Vhen
eersering et rop fan.aheped cuglon, She probe wae tet
abeve the top of the ehip toddl and laser basme prased
ehrough an seeylic prrd ef the ship hull acuve the
propeiier.

A free turnipg test of the ahip model wes faziied
out belorehsnd at approwching vpaed of L.iofe wnder the
condition of constans propeiler yevolurica & = Sops. Tiee
history of heading angle, drifsing engle, ship epead 2nd
to forth were recorded duriag ike test. Then, ¢ forzed
turping tagt. Ao which the ship xdel was zowyd and Rer
stion was seatrolled by the cazsiage. war condontad 40 at
te be mame motion at the fres iursing test. The Cider
gptis LIV zewsured ceatinvouely the «zocu: ae » £5ned
s‘si‘n in foomt of the odevsting propelle. during sady
toroed wuraing vun.

There ate ot sufffcidnt pegiicles naturaily 4n she
Seserping #58 Mantuvering Sasis ¢f R fof the LOV
mertuzements.  Therafuve, proper pavticier ghould b
sepded, which 204 Iargs encugh v ecattar safficlest Jight
st avall smougd to follow :he flow.  Although metaliic
contad sphere 0f 3so in diesrfey is considered ve ke best
uaas ‘Sur  expavience in  3-compinent LBV used o e

iegtion tunne! (Foehine. Cobime & Smestima 1687}, it fe
cam&drubly azpensive For vee in (he Sasin where vexy
lacge cuar? ity of parcicies arz nedd/d béZiuse ibw valer
does 4ot circulate end les voluwme Lo enosdass.

Brlon pouder with diaseters R Nus end  Sam,
whick fx cheaper tRhan wetallic coeled sphere, wie (Dhoeen

"for the seeding despite ol Ets icwer pflectjon index,

The specific grevwity ir adout 5.02. Aftas en exténsive

test ard triul. the beet seeding vay wvas found to ivjec
the pimiuse o« Louder s vater throcgh a winyl tude put
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at the bow of the ship model during each run. In this
way, dsts rates have been obtained from 30 to 200 per
second in the above turiing testes.

RESULTS AND DISCUSSION

The typical records of velocity measursments are
shown in Pig.7. It is found that heading angle of the ship
model stacts to change with an apprecisble time lag from
the rudder deflection. The measured velocities consist of
s slowiy varing compoment as mean velocity of unsteady
flow and & fluctusting component with high frequency due
to turbulence. The mean axial and circumferential
velocity components vary graduslly with the heading sngle.

The mean value of azial velocity component was read
manually st typical heading angles from the measured
records. Pig.8 shows the circumferential distributions of
moan sxisl velocity component Vx at 701 and 901 propsller
radii for several typical heading angles before and after
starboard rudder deflection. 8 denotes the
circunferential engle in degres and pasitive eign
expretsrs starboard side. Remarkadle change of the
ciccunfarential distribution {s found at r/R = 0.7 in both
starhoard and port eides. The axial velocity component
increases grsduslly with increase of heading angle as a
whole unti}l ¢ » 20°, and then decreases. However, no
stgaificant change ie pbaerved at the ship center line (8
= 8)., On the <ther hand, the axial velocity in stsrboard
side ot r/R = 0.9 changes a little with change of heading
angla, while thst in port mide charges considerably. As
can he seen ir the above figures, the velocity
© diseeibution of propeller inflow changes complicatedly
during the turning motion.

In order tc know more visually the change of
propeller inflov during the tvansient turning motion,
instantansouy mesn vilecity contour curves st four typical
heading angles ere showm in Fig.9. One can cheerve that
the velecity goadient in circunfereatial dirgntion becemes
Eore severe gt the .ransiant phase of turning rather than
thst before pudder defleciion, and that at ¢ « 20° {s nost
ssyery among thwe. Furthsr, it can Be seen chal higher
velaiity region apvests inside the projelier disc dn
-stardoard eide snd outside the wopellsr diec in port
sids during the tvansiens turaing zotion. 4 mentioned
sbove, she propelier inflew flerd e changing froo accent
to wcnent during the turning sotlon and becowmws to be
. uneymoetty with cegpect to the ship cunter pline.

the propelier inflow s known o pley an kmportent
vole in ehip Sanesvering movign. Bageuwe the poopeller
threst iz highlvy deptndent oo the prapeiler inflow
selocity end {9 clozelt relazed to the érrengih of
prapellsy elip streay wdich affectz on rhe rudder fovce
very guch.  Purther, aot.uniformity 2F the inflow fieid
catisas ixteral lor2we of ke propeiler which iafiuences
conpidezably on the mancunesing sotiesn,

therefare, it crder o cake gotd precise nunericel
sizeistion of s shlp caneswering oation: it ey be of
grezt Ralp io iske the knoviedge on the prapeller suflov
chesingd In this especisent ings sccount.. ¥ar example,
the presgnt reruiic tay frevide valvable azd to exdnike
end to igprove the hydrodymevie sadals of b propelisr
inflov welociky wnich Bave beéen propased s {ay (Fuline.
Rijive & Nemamato 15923, For gelerexte. the propeller
tpteval forcet ate appzonimately salvideded by Usz ef ke
vrEecsed propelier daficw Bieid end the catio of thar ta
traneivnt turnity ssilen to thet &n sizaighy rORUGE
metion ie thown in Fig.10. It s found to mafel Ebeint 162
varhetice oF whe prapelisr lareral forve during luruing
natieh. The caleciazed fhrust fiuciualione vof oné Gisde
of the propeiler sfe ajed ehovn in Fig.)i-  An azpiicnde
e vhese fiusiuatiza 5t 2% irancient Luraing odwsen
Becomar gressor chan ikay Defodés cotder defiesticn, and
the asplitueds i grrotést at £« 3%, Thiv tendensy
roveespords well nc thet of propliey inflow Jied seen fn

Fig.2. sal sprecr suslitacively #ii%h the feature of thip

seers vioralicn somtrimes vipevienced a1 the Deginleg of
tsaing setion.

CORCLADING RENAILS
The twi-sogponent fiber sptic LOY eyster o the

ToMity teank wer Jeceloprd fo1 e yrpérioentsl suedied on
the hydrodynanic prebleat of prepvlier bl fnteractlian.

Bafore rudder deflection
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By use of this fiber optic LDV, the propeller inflow
during the transient turning motion was continucusly
sessured in order to develop more jprecise prediction
mnethod of the ship mansuvering characteristics and
propeller vibzatory forces at the initial phase of turning
motion. The measured results shov that the propeller
inflov wvelocity increases gradually with incresse of
heading angle except at the thip center line, snd as &
result, velocity gradient in circumferential direction
bacomes steeper during the transient turning motion. Such
knowledge obtained here may not have been considered in
the prediction of a whip maneuvering motion so far.
Howsver, the present msasured data sre just ons example.
In order to develop more precise prediction method on
ship mansuvering motion and propsller vibratory forces. it
i1 necessary to accumulate such data for other ship
aodels.
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