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\\\ (AD-P008 972

ERMEASU REMEJITS OP PROPELLER INFLOW DURING 1RANSWEN TIJANNG4 ~OF A 8HJP MC"EL BY FIRE OPTIC LDV

____ 3 ~Tftwu Nagametau and HkOeh Matau

NWoukl Research and DveOpment CainW~ (J Mkoaibahl Heavy InduurIes Ud.
30Bunh0 MachMW" Naaakl,3 Japn

hiST~h~.T msuverability and propeler VibraatQa7 forces thereforsi,
it in necessary to ku~aw the Propeller inflow a. theA fiber optic Luscr Doppler Velociastry system was transient conti..ion, whichb affects fisnif~calntlY On *tAdevelopea for the flay measurasuen% arourd a ship model in thruat, corquo acid eAie forcees of the propeller.

the toutng tankr. 1hr, system: rasa nse4~ to %*&our& unsteady
flow in ftont of an oaurating rropgiler in the turuin Usually. stacursecaut of steady flow azound a ship
cond'.tion of r ship nsoiel in otder to grasp the siodel in a towing tank is conducted by use of multi-holqcharcteri.stire of propeller inflow field ciurftg the pitot. tube. Recently, flov measuremwnt around ship
transient tumnlng raotion. Prom the measured data, it is modtha in ollique towing condition wort made by use C
found that the propeller Inflow felad Changes mauli-hole pitot tube for dsve~opmsnt of maf~baaatical
cnmplAicatedly with heading angle of the ship model during mouel ir, hip) manneuverin# notion and further undorsttndig-
the transient turning action, and the axial volact.ty of ,A relationship b.ýicween flay fiell around a ship andgradient in circumfierential direction beenou4 steeper so hydrodynamic forces acting on the obt- (i~aaoluchi 19314.
a whole. Nonaka, Puwa & Nimura 1966. )4ats'aL r . Sustaltou 4 Zueskava

The present measured dats &ro considered to be 146l6).
useful to understand the characteristics of pror*Aher On tba other hAaJ, aso axasples of unsteady flow
inf low in the transient turning condlitin and to develop seasui~ezont aziaund ship models. stern flovs of sh' p models"roe prac ase pr~ydictllon method of ship maneuverIng motion in wvaes -ers measur-rd by use of Laser Doppler Volocimatry
and propeller vibratory forces. 'Aalhere and can Gent 1904) and a propeller typo

velocimat-ar (Himleno Chang G Ohisbi 1286). towsvar. to theTN".902710V rurt.ors knowledge, there is no paper with rospect Y.a
unsteady flow measeurement in the vicinity o! an operatingIn renent yasr.i. the woeidwide onvironatntw) pr.)blew propeller at turning motion, to which the pitot tube can

becomes major interest in political. ec!vutific and tat be applied.
engineering fields and variokae counterwissures are
discussed ior protection of thes earth onvirensent. The In the present study, a fiber optic Laser Doppler
grounding accident of the very Jeri~e cttwie oil cerrier Velociaetry system is developed and is used to utasure the
*Kxyon Valdea' IN 1999 -Glulted in ,the turning point of unsteady flow in front of an operating propeller In the
reconsidering the ship structure. operation and eo forth forced turriag motion of a ship sadel. And In order to
in the shipbuilding industriese and chipping worlds. clarify the characterittics of propeller Inflow at the

On the othet hand, the Sub-Cosoittoo on Shihp Design transient turning condition. Instantaneous velocityand Equipmenrt of International Maritime Organization (11,10. distributionse at the plane In front of the propeller at
1180: reconmendid that the waneuvering infarsaction -fi the each heading angle of Initial phase of turning are
form of the pilot card. wheelhouse poster acid masoeuvring obtained frow the measured data. for reference, propeller
booklet should be provided tor the sake df the cafty In forces axe calculated using the above instenteneoue
nevIgation. This &&aft& that tore precise evsluatioo and velocity distributions to examine qiialitattv"y t0e
predic tion of the ship oantuvtrability are desired f or the feature at turning mOttio* of the ship.
Prevention of cil pollution by calliclo~o. rsamming &and
grouadiing. of ship. FIAZ OtlIC tA3¶U DO#"if VXL)CD4TU

the nuertical semulation of ship maneuvering cotion
So one of the wast practical predicAoa and evaluation A tg f e tasytes of laser Doppler Velocimetry MWVt
aethcds of tho ship waneuverability. Rovadiays. the were, applied to the flov meecoreawnto In a towing tankntumerical slma.stion method bNsed :,i the hydrod'rnanc (Kirgchneci. and Laurlen 1130. 157 and Xlia 1934). The LS)Vlorce mod.,. z.&n pretic,. fairly well '~ht mareuvvring system zrequires a relatively Ier&*estrut to support aperformance, such as steady state turntin characteristics probe and to coadtact the laser hea.ma ttirough the water
(Vujino, Kiji*Aa 6 Usasaoto 1990). Uawever, wosar pzecise surface to the probe. The strut *Ay disaurb the flow
prediction of the ctasracteriatice of initial p~hase of field apprclobly. especially when the ship model is
turning aotion is ccnevidsted to be ueefui- for the turning. A fiber optic LOY adding fiber optics to the
prevention of the collision and Cro%-nding. These treditionz' LDV sysrem is suitable fkr flow oeasuresent
maneuvering characteristics art considered to connect aear a ship model in a towing tank because only a small
closely with the stern flov field at transient ;base of probe con be plfccd directly In the flow withovt creatilg
turniog before* a ship retches a steady turning. It is an appreciable disautrboacg and the probe cotknertlag with
also experienced soomttmes that ship~ stern vi!'ration flexibt fiber optic cable Is bighly matreuve;rebie. A 1*.
becomes larger during tcansient turning notion rather tban applicationse of flomer rpi'r UN, in towing tank were
running In a straight or In steady tcurnig eotion, reported Go for Mr'. Jessup & UrUAnG 1987. Moc-quet Isf?.

These fects suggeot that propeller Inflov at the Ki4~ te..e)tronslent condition such as the Initial phase of the The 1t1'r0.co*ns;nat fiber optic LDV asyten for the
turning changes tonsiderably from that at the steady state toviv'g tank of the Neageski Research and Development
coodition. In c:der to predict more precisely ship's center. Mitsubishi 1!4tav7 Industries (tr~Il %me devsloW.d
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'"- SoboastLC of Tibet Optic LDV System in Towing Tank 10m W Lengt
109 Effl*me

115.2 Slack Diagram of fibier oiptic 10pV

Wig.4 Comparisca of Steady State Velevities
The chemtic I~i.-~Mqasurad by fiber Optic LWV anM $-01

Th cemtcdecitini shown In rig.l. The system Min~ Tube
consists of a later tube. an optics. a probe. a cmint~e
processor, a truvearing mechnnisia and a minicomputer
CEVS). Kost of them are placed on the towing carriage of scattered by particle* ira Qxi flow.
the tank and only the traversing mechanism connactil ieith
probe by supportixi strut is mount~ed on the ekip, maoel. In ordst to verify thea ppli~cobliity of this fiber
The cylindrical probi with coat at tbehea ts It 5 in optic LOY in the towing tank. f),cv measuremants tvar
diameter and 2O0a long. and I* placed in the flov in ,.srforstd In a uvAiorm flos fi-ritly by mounting the fiter
parallel witto the c-inter plane of the ship .otile. the optic LDV on the towing carria%*ý As *hown inW ft,3. the
laser beams and back-scattered lights are turned to the weasurrO vtlocitiest coincide well with the carrtle& speed
direction of right angle bv a prism, placed at the head And the masaurswaut error it mtttin 1.- fPext. th~e *zeady
cone of the probe. The probe is corumczted to the optics state velocýity measurements wer,# carrWe out, Ot the
on tht carriage with it floilble fiber optic cable. of propallor plane, of a ah.p model by the f iber optic LDV and

which 4iareter Is OM and lantth i* l10m. are coempare with those by $.bole pitat tub* at shown An
The, winicompustor (Pa lett-fankard Modal 3221 is uted IF1!, , A fairly good agreement Is obscerved except a

to control the tnsvoraing uechorti"a in hotiiontal sud ;position of rig - 0.7 inhere lar e locit$ Mout~ution is
vert~ical direction$ 'With an Accuracy o1 0.lm. to Monitoe maaaured
the measured velocilty dato and to stoex than on disc. The
main chsavacteria tics of the fiber optic LOV rtr d~-acribd uiOWWARI UMW43 W&SA5M(iWS

in Table I and the bilock disgatt is showvn ta ?ig.2- A
beia produced by a -4 watt Xrgon Ion later is aspareted Ntefot the propeller iaflrwt massmemwents t the
into tto pairs of Inzident 4ea*v, itemn (wavv Length e tvansient turnig coadition %verificationofr uhastoady flow
314.3n%) and blue (wt!ys length 0~ e$5toal by a colvur
separator And beam splitters, whir>.ý Are included In an
optical unit together vith four Iraggcella end
phaotomultipliir. ?our laser beams ar* transaicttw to a

probe by pole ritatloo-preserviiag tva*tLktt~v4 fibers, Ith*

two focusing tens
In theC probe And
Intersect each 2.0-/

ohe#r wit I t h
crossing angle of
S9.6 delve*& and
the totbi distance
is 200Ms. The O
measuring volume
Is about O.1nInm in
dwameter and I.Tom 4. r______
In leagtb. The ,

analyse the
Doppler burs t
tit-mal obtained Fig.3 C.osparlsoo of. Velocities ?i. e1~einof U'isteady ~lct
from the light K(aaured in Uniforn Flow geta~Te3bacte by Flbt Qptlt LbV



yig.6 Verification~ if Unsterdy V*104%ity RoasreMents bY V*
Fiber optic LWV ASW Vehcitt

masiseremnt by the fiber optic LWV war made. The probe
vans fixed to X-Y carriag# of the Seakeeping and
Maneuvering Satin of HH1. of which dimensions are 190m ohm
long, 3ft wide and 3.5m dtep. In this measurement. the T1101
probe of fiber optic LWV is in open condition..
A4ccordingly. the measured velocity must exactly coincide
with the vealcJity of the X-Y carriage. which can be driven I t VITA
an arbitrary horizontal motion over the bagin. The
results are shown in Fig.5 when the carriage was driven to
make a sirkuvoiftl motion with constant advance *pend. x"W o
Fig.6 is an another tir-mple. In this "ase, the carriage
wasn driven quite arbitrary. 'Two velocity components Vx
and Vy eawtured by the fiber optI4. WV MPV) aIre* well lig.7 An ZzwAgpe of Data &,scord Measured by Yiber Optic
with those of the carrisge. It can be said, thtriefore.LD
tha-t the proe-i~t fibor optic- MV is applicable to measure
the velocit? of unttendy f'.n -I% thv on

A very la'.ge crude oil carrier \n4del of about 7m
lonj us* used for the fiber optic IX; segu~rdmatits of the
flaw In front of an operating propeller of about 0.21m An
diameter In the initial phase of turning conition. The _________

probe traveising rechanism wet mounted on th* top of the.
ship model and the p.-obe use arranged parallel to the 4,
propeller toaft axit to measufe the eaial and
d in-ferret la voloci4ty Conpon.)rtte. ytgasurematet wete f9 I~-.
skade eonly urppr half reg~on above graopller e0'aff. tVhv%

metaturing at top ten~ak*ejid reigion, the probe was ant r=
ehe~ze the top of the ship inod4l end lacker basas xo.std

A free turn'." test 94 the chip Wodal **e caIrkied
out btforehand st approact;P~zS op.~d of 1.1alo w'.dr t0v0 ~ ~
corditimn of constantt praeliJor rovoluition a - Igt-p. fle___________ __________

hkatory of heeiding U11l6. drilting angle, ship sepead itnd -Ica -6o -20611 o
so forth vvre recort-4 d uring the twit. then. 4 forred
Wrrinsn tvvt, In 0A0t tbt ship r-4#1 wee- towed artS her
"a~tion V25 Controulle by the corriage. was coruluctcd 40 %aX
to 1*etzae votion as the tree rtuIns test. The fiber
vptuIzr *toVeeqture ccnltv%%outly tbe votocitir ht 0 s At IR0N

N IE 1 ttont 0! the OIWOUWA Propeila. 4urL114 "it"'______

Teeare oot sufflci4tvt petSc~o Ira., raercl.y $n tho I
Seaheepi;I "od NenaUveritig stnl ef HItf to; the W ..

neASLema1nte - Thgtrefoe. prcier partlelva tkould ba 'V-
geeed.w~c ar lago ou-h t sc tte ufft~clet !itght 6 air -'"

coat*d ephore ot 1ý;o i* diazecote Iv cortaidtred to be beot Z1
frt= vur sapatrience in 3- ~ t znt 4:40 u#IM -a r Waiar0=10'
Cev1ttation tuvnln (6ine'. 011hiAa if teats!!" Nap5. it it4t:&ba
Consiatrably alpenei'r'e for kvan In I"e $SAeln Uftre vezy Ai~
terse qun't ofC pat e sat* nsetdd W~Eause th1e. water 0'4sI
does mat circulate sild Lts volvw in #noftan'G. 106~ -60 -2010 i

K!Pl Oc peud-er with diaeatore betv-veer. S0.n ShA Iia..

.0hict'. 1-t cheaper tthan tittallic co~tsd *go-*,. vsc h.oern
for thq s*#jjia despi-te oZ its iover tvflection indtez.
The opeeifc gfewity iT oto-ut i-02- After en esttenalve ft. MAlio V#10'.ItY D~stribt-OtCZs at Typiral LeAa4rj;
test ard tri..l. the best tfeeding i-ny was iound to tr.)*Ct g& i T sweahn
the gdwl.uee 0. 14wder e" water thrvgh a Vicky., tube put



at the bow of the ship model during each run. In this
way, date rates have been obtained from S0 to 200 per
second in the above turning tests. Beor rudder deflection
USUTS AMD DI=58SSIO

The typical records of velocity measurements are V/=. .
shown in Fig.7. It is found that heading angle of the ship0.
model starts to change with an appreciable time lag from
the rudder deflection. The measured velocities consist of
a slowly varing compoment as mean velocity of unsteady0.

to turbulence. ?he maen axial and circumferential
velocity components vary gradually with the heading angle.

?he mean value of axial velocity component was read
manually at typical heading angles from the measured
records. ?ig.S shows the circumferential distributions of
mean axial velocity component Vz at 702 and g0t propeller 08'
radii for several typical heading angles before and after 090.9 0.8 ^0.7 01
starboard rudder deflection. e denotes theEL
circumferential angle in degre, and positive sign
expreesis starboard side. iemarxzabls change of the
cicumferential distribution is found at ril - 0.7 in both
starb~oard and port Wies. The axial velocity component V
increases gradually with increase of heading angle as a
whole until 9 - 20' , and then decreases. However.* no
sigaificant change is observed at the ship center line (e Vz/V=0.~ 0.6
- 0). On the -ithtr hand, the atial velocity in starboard
side 4t rig - 0.2 chang&As a little with change of heading 0.7
angle, vhile that in port side changes considerably. As
can be seen iri the above f igores. the velocity0.
distribution of propeller inflow changes complicatedly .
during t~he turning notion.0.

In order to know more visually the change of (
propeller influw during the transient turning motion.0.
instantaneous mean vvlocity contour curvag ctt four typical0.
h4ading angtes are shown in 71g.9. One can observe that
thg velocity Scadient iA circumferentia*l dirtsztion beccsees08

wvr savers at the .reauisnt Ahsse, of turning rather than08
thi; beýfore rudder deflection. and th~t at 9 *0 WIs aost0.
coverts amng thrca. Furth;;r, it can be seen that higher
veac~$cy region atweysf insilde the prcrpeller disc In
sstr~.oord side gnd outside cthe iroptllor disc in port
4gidar 'urinj rV.* trausien.,tunt'it motion. A~s mentioned 2
above, hth prtopeleIr lof lv4 f iatd is changing from MCOCent
to zaaent ducinS the turning s~otion and becomes to be
Unsymemtry with rogpect to. 04e oht contier Pl~rs. Va/V 0.5 O.

the pr-opeller inflow is knovn to pisy an koipearant 0.1
role in chip *naneuwrInj moiot atsutz the ptcopailk 0.8
thrust it highl'r doe,*ndeac ci- the rtropller inflov
velocity ortd is lel related to tht. ttrongth of
Priapollsr alip ttroazl Wblh aft, cce &n the, ru-ddr fqr~e'
Ve~ry szach. Further, no. winlforvdkt* tq the £.V410W IWlO

csi~ss laterall tar,-** a! ilhhe propelkr which Aztfluences 0.9
Thoidrablyt In th er ut'in moAtt 007 1&14%%MZC

of a 0111P t:vering lno~ t CA? be vffe0 0 8•.
grithl'to take 0-V knovWlee tn the PIVo..4hler ar-flaw -8

obt,%invd Ira this e eý%rlntn ýtco I'Crouht-. tor s#e
t-e04 ee results $4-f 07ovids vskiuable o to crt*.iýe
*nrJ to Mpov the =U1,11~l cOeii 01 t0 V~pro1eje
inflov velocity Vhich have Non vropneetd to 1ar tftjht-..,

14 IkoA litnamoco IWIe , Ft cr stere.co. the prope'lltr 38*
tote*l76 go-rke e:t? asp-totateI7' Calt 14s.i* by vit C! live
V#asUred ef~ller itInflo fictd *r04 t-hV zaso of that En.
-trat.S1iWW tttr?. e4ticM tO 04t 671 {Sk-tih'4!t '.tC1 Vo Vt 0. 4
Mati-on is th-wn In Fit.10. 1"k t fo%=4 to iaiec &et~v o
varisAtao Of tý# jVroplizT loateriA torxw-ur 0.7

twl th V eIC ..4CetAt* thrsut uttltu ooni U-See 0.8 090
of th "rO"Ilet e ate -A&0 ~ 0L-, 4tg~ AZ t 4
0. these !lzUcluatlc. 4t t'eten-nttTO O.C

t'CeCoge ttvalor ther, tkat befaore "deer dkcr~tict. end9
04# s~.~ fis Arre1-t;t at -V * IV. ;'lht ten.dc 'Iz

crorresposuic veil. !n thtat 0.9 pper nflov ejiw setrn it-.9

"rtem viurtiOL *000tr3i z Ciece thebt tISO-4 Of
tamirng -ztlomn.0

?at 1be &ptt S01F yl~e'ý ýV;Zbe it" in-cstalkaeous8Velctd y Coutciur Cu.rves aL Typical

The hrdrodrnamlt ptcltas ef r~w~ ItenMli~n.



By use of this fiber optic LDV, the propeller inflow
during the transient turning motion was cOntifbOUsl7 o
measured in order to develop more precise prediction
method of the shlp maneuvering characteristics and ' .
propeller vibratory forces at the initial phases of turning W

motion. The measured results shoy that the propeller
Z' inflow velocity increases gradually with increase of

heading angle except at the ship center line, end as a
result, velocity gradient in circumferential direction 0a

becomes steeper during the transient turning motion. Such "8
knowledge obtained here may not have been considered in
the prediction of a ship maneuvering motion so far. - -

However, the present measured data are just one example. 4-=- 10 20 30 40
In order to develop more precise prediction method on 0 (dog)
ship maneuvering motion and propeller vibratory forces. it

- is necessary to accumulate such data for other ship Fi1.,0 Variation of Propeller Latetal Force
models.
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