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ABSTRACT

This thesis presents the development work of optimum propeller design for shallow-
fishery boat which model type 3 blade. There are 4 sets of propellers having different
developed area or “blade area ratios” of Ag/Ag = 0.50 (wide wing) and A/Aq = 0.35 (flat
wing) with the rake angle of 20 and 30 degrees. The prototypes were designed for ship
speed at 10 knots with horse power 10 Hp. The comparison study was carried out with the
2-blade conventional type commonly used by local fishermen. The experiment at the
laboratory scale in water tunnel test tank suggested that the model type B3-20-50 yielded
the highest performance which was accounted for 67.76 %, 42.20 % and 30.52 % greater
than those of propellers used by local fisherman with 15 inch, 16 inch and 17 inch in
diameter, respectively. Field tests trials were then carried out using 2 identical long-tail
boats with 4-stroke gasoline engine with OHV, air-cooled and 13 Hp. Maximum power
output. It was found that with 1 liter of gasoline the propeller model type B3-20-50 yielded
travelling distance of 11.5 km, while the local propeller having diameter 9-inch could travel
with the distance of 3.4 km. Similar test trials with 15”7, 16” and 17” local type propellers
with the B3-20-50 model revealed similar results. With 1 liter of fuel, the 15”7, 16” and 17”
local type propellers yielded travelling distance of 4.1, 4.2 and 4.4 km., respectively, while
the propeller model type B3-20-50 could provide 8.1, 8.1 and 6.8 km. under the same
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SoUSTHINAUNTUNE UsuASTaadlausyas (U w.d. 2544) 19,374 | @1
LWASDIIUAYUIA 5-150 HPs. Anvadsltindunaiudusi (@as) 10 | @ms
L v o 4w B
WSTzarUUs UL lguNNuse Y (Tusn) 8013
193,740

AR AoLRBU 30 |




319115 1Y et
wraviudeUsvusliinsudadion (Tusn) 5,812,200 | &n15
Andi Ao 365 | Tu
wraviudeUssusldinguset (dusn) 70,715,100 | ams
Ansranisufiwalutigiuilildunseanyu 29.79 | um

Wi Asuse Y 2,106,602,829.00 | U™

Tudnstudannisauudosinduasiuan 10 % 10% | %
AzUUNIAUTZUIAANIT MU UL TBIN A 98 9RaUUsTuN 210,660,282.90 | U

a [ = ¥ 4 AL =] A = = o
nu": SU'EJ;JUﬁLﬁ@ﬂigmﬂuqﬁuwmuw3LUEJ‘L!L?’]5@Q§JE]‘U§$3N, ATUUIEUY U LADU NUENBU W.A. 2544
(http://www.fisheries.go.th/)

A15199 1.3 USzuNunIsHanmnniuiaannis kinasnudiomasaasausyas T U w.e. 2558

319113 U e
BFeUssunpuiitunsdouniesiioUsyas @ we. 2558) 57,141 | &1
\A3psBuRIWIN 5-150 HPs. Anwaasldvfuietudusi @ns) 10 | dns
s wartuSeUsvadldindudeu (Tus) 571,410 | ams

Anl moliou 30 | U
wszaziudoussudddinsusadon (Gud) 17,142,300 | &5
Andi siol 365 | Tu
wszaztuteussuddiisiuset] (Fush) 6,256,939,500 | 803
Ansranisufigalutiogiuilildunseanyu 29.79 | um
wszaztusiatsusiel | 1.863942277x10" | v
Tudnslmiannsauasaigiuasus 10 % 10% | %
avtlunaUszusaanslfindudamasasretusyana 18,639,422,770.00 | U

d' %] a o & AX = A A a a
NU: Sua;ﬂaLiaﬂizmmmu%mumzLUEJULﬂiEJ\mmJizm, ATUUTLUY 2 LADU FIVAN N.A.2558
(http://www.fisheries.go.th/)

1.9.6 Uszlawindsanisoysnydindau

1. anuaiiyn1adl nanfe lulagduseyssuaneannmineinsnimeia asiinsuaes
asutfiuasgini Welinsaanisléifiudomas annisldundunIaseudvasiu A


http://www.fisheries.go.th/
http://www.fisheries.go.th/
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dawaliUSunanisudesvondedindnantiesas wasdudunisnwiuafivnieily
Dulumusnnsgiu IMO (International Marine Organization)

| anuafismades nanafe nasnnisandsunansiddisiuidemadmalfruinves
\A3oseudtivunnEnas sl Anusudssniessusfostovas

. anuafiwnsoma nande wWeinisldusuaihiudemaanas Ysunafwanduou
fivdeoaniiivsunntosasneuiy

. anAMULEEIENIININeInIIIzia na1de wWedenldauinludnsideusyasly
wanzauiuidelasiansiioussumisils (FoiA3oamieenn) wﬂmmiﬂmawaqmu
wadoldansuduly dwaliiludnslivhansuznydunzia Faduunasemns was 7
agfuvesdninga livhanedn i wu Aamuniy Y Yamegu Yailaun vav



uni 2

Q. o/ 6
2355UNTIUUINALU

@ @ = y = = = d'

nseanuuuLasianludnsFouseuswieile Lasiseussuahnu (Saiaseamnse) Ty
Uszindalve dellonldiniassudanusisoun dalutagdudszmealnedsludl sideineides
v v A A a A w o = aw U A a P a ¢ &
fuauil Fadlewieuidesiusiissena FutunuideludnsiFeiduayms ien1smidivd Ineidu
Tufinvuadaus 4 Tuinuly waslinnsiauivilussansaingeu nsdulisamdnuanas 39
91nN1575338le Literature  Review  Wad1u3deaind1auseina wudlasunisatuayuain
NIYNUMINIATE waztenyu

Faduimsuiuiivsemalnodulsmainunsnssy Gnsnswdn waznszuunHanly
sUMUUROAL MansaTuayuiugUsTIn 91nMInauHUNTEUINNSHER TH9InATT enTu
wagduddnyAe nsafuayuananudnwiifinuwieslusuivinisuazdnide daduiii
Fome wazidunsidelenia veunumans laslannzegnads inwmsnssulseas daduiussdng
wilgfinsudestazazias G198991n Fade 1.1 mnudduazfiinvesdam undl 1) s
ypnunnsgmanemsnuiidanuasnsalumsdaddy aduayy WauinszuIunsHan
waznsudn Widumdnaina lilvvdesliinishatenineinsmmeiaiguuse aulugiym

Tusgauuue® Wy nsautydaan EU Wudu

Duiinsuiufegudain Wedudl 21 wwieu 2558 Misuan nauananglsy (EU) 16l
Tundensieulveegradunianis (Jun: https://www.scbeic.com) iesannlngluifinasudle
ﬂzymasmLﬁugﬂﬁﬁﬂuL%qmsﬁmizmﬁmﬂgwmw% IUU Fishing (Illegal Unreported and
Unregulated fishing) ﬁaamé’aqﬁwé’mgwmamﬂa nanausdyey 1ng 93ANIEnUTEIR
(United Nations: UN) LagadAn1501/1suastnunsuiisanysevnei@ (Food and  Agriculture
Organization: FAO) lé’L%IMWLﬁumﬂuﬁmﬁaemﬁﬁqLLazLﬁugUﬁsiu In1stngianguung
nQ3zidov wmsmsuazunuufiAaniseenuiledediuly wasilunumslissmaaundniily
UUR Tnefilmanedify Ae nisoudnsuazmsdanisminginsadi@ianimeialidnisld
Usglowdegnadiiy wazn1stiostiu dud uazednnisviussusiiiangmane 11ansseau uae
1¥n1saauaN (VU Fishing) Tnensansananiveriduaus EnataAunangvang) uas
faausdunn @nsnsenuuiiefiurazuszmmhlvldmunnuaiaste) id oy fie

- audyaandsyuvAinalengviinengia (United Nations Convention on the Law of
the Sea, 1982: UNCLOS 1982) UseinAiauninadan1sanyssy1uia (UN) lﬁiamﬁuﬁmzﬁasﬁmﬁ@
Iﬁumuﬂgwmma Lmumwsvmﬂmm'1aiuiaﬂavlmawgumiuusvmumq6‘] AReiungauaz
UVIANNT LU 1309010 NUANNNELE NGB MLAZIIREIUNaTesigreils nsuTung
JansuazeydnvadiTinluwengianads (High Seas) nsuansUsglevilufiuiifungiaseming
Uszna wagnsseiunsdinmszuinssemaieadungia Wudu sydyan ngmanevzia
(UNCLOS 1982) fnataduldiflotud 16 ngadneu 2537 ndaniiussimaniAvesandssanand
Usznan 60 lelvdnertulusydyane
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- 95597IUTIAUIAEANTVIIUTENIRE19TURAYOU (FAOs  Code of  Conduct for
Responsible Fisheries: CCRF) JudennasfiussnaauiBnodfn1501mThazstnnTume
avUsernd (FAO) Iin1sfuseadiel w.e. 2538 ndnnnsdrfayves CCRF Ao Mviunndninosi
LazuIAsNIRAgIfUNToRIng MsdansuarmaiauinsUszasiiaseuaguAanssunsvi
Uszalunnanvn iy n1svhimaUssas msimunsnziesderit nssuunsussUauddnd
tuaznAnsusidn i ms3demansUsras waznisysanms mavhussasiunisdanisfiud
poiladnemiladeszuuing wazanuvainatensdinin saunalianuddalugiuaing
Huog Aasiunamnaenmns tasughe dan dawanden mInusandiifeadesiumaiszas
waznslisglordannineinsvestildrulddmds viadl ccrr lifnateduldifunguang
szninaUsene widuninsnisauudefilisemeanidn FAO  thluldiduuuimdlunis
UIMTINNITAUNITUTZUIVRIRUANAINETATTY

- uuUFtRmMsanaindhenstesiu an uazidnmaiUszusiiiang e 11An1391891U
LLﬁzl%ﬂﬁM‘UﬂqM (FAOs International Plan of Action on Prevent, Deter and Eliminate
lllegal, Unreported and Unregulated Fishing: IPOA-IUU) 89ANIS0IMNSHAZLNEATLAS
avszenud (FAO) Saviauiled wa. 2544 Wisliszinpaandnihluldiduuumesnsddlunis
InviukuU URN1 3R UYIRveIRU (National Plan of Action to Prevent, Deter and Eliminate
Illegal Unreported and Unregulated fishing: NPOA-IUU) a@nszd1Agyve IPAO-IUU @B N3
fauamasnslunssfunmsiiedesiuuas mamumimﬂivmwmﬂgwma (IUU fishing) (e}
$5491v9959 (Flag State) $5191909%1139 (Port State) 3%%’1851\‘1 (Coastal State) LLa”mmmi‘m
Aendeduiunisiseninasema (Internationally Agreed Marketing - Related Measures) 7
aonAdasiusudyny1e ngvanengia (UNCLOS 1982) siail IPAO-IUU Taifinataduldifunguane
sznsUseme widuninsnisausiuiefiliussmaaudn FAO  drluldiduwuanislunis
USTUTIANIIATUNITUTEUIVDINUANANNEIAT LA ULAYIAY CCRF

uananisiinmarsszninasmaiiAsadostunistestu Sudazadnnisvhszus
UU 3nviangati dednilvgjaziindnnissrsdenineydyan ngysnevzia (UNCLOS 1982) 1y
ArAnasindeMsinfanaEnssIBnI TSN TBURY WA, 2536 (Agreement for
the Establishment of the Indian Ocean Tuna Commission, 1993) Wszwmalneudunia
audnidled w.a. 2500) unulFURnsanaindhenisianisaauaunsalunisiuuan (FAOs
International Plan of Action on Management of Fishing Capacity: IPOA-CAPACITY) uag
wuuUfURnsanalnfienIseysnvunnziaInn1sinuseuadngia (FAOs International Plan
of Action on Conservation of Seabird in Long-line Fishing: IPOA-SEABIRDS) tdusiu lne
Uszifuiigniumanniduiiiawio nmsviuszuslaslilésueyganieldindesileduvaniin
nnuane waglymnisliussnuma Teenslésulumosnn eU Tuaded (udsiinseduliiine
foussudlatymilugramnssutszas fazduenadenndaiumagniziunisidiemameia
voslngan EU Tavdleduasin Tunsdlil EU szfumsidnemavziaainlve grammnssuuszas
Ingavaydesglaannisdieanussanal 200 druneaansansys Msebunsalaisegne1vaad
500 &uneaniansys Ssnountiilnegnuivandudulueglu Tier 3 nTBauanILNTI]
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Msfawe (US’s Trafficking in Persons Report: TIP Report) wosansg™ WWeideufiquiou
2014 Tnenslilumdes sisedssmaiousgradumanisves EU Tuadel] finuuansneainnis
andusulu TIP Report 098133 104910 TIP Report Lﬂum%"aqﬁamqmiﬂgmﬁi%’mé’ﬂﬁuiﬁ
$3uravesuszinannag uiledgminisfiuyed waldduinsnisnouldnianisan (Trade
Sanction) 109 Tuvnigiingseideu UV vea EU Qﬂiwa%mﬁaséw%%’mﬂzymmiv‘hﬂﬁzmﬁm
ngvang, 1¥n133earu waglimsasuau (UU Fishing) laeiane

Tagiinsnasnisaiuinsmaindiommzaanysamaiiinaesdenisuilaiym 10U
fishing 11U vl EU soviwssnalveldlfuansisanumensiuedisaisiuandususssuse
msvdadmdinanegradisme Sdilumdswdlnediedunisinfeusgadunanisie
oy 2015 Aiiunn wafinuande eesfinan 6 weulunsudladgmdnanadie
wanidsan1sgnaituinsnisiidiensnsmsiaain EU Tagaziinisnsiaaeuuazuseiiuniig
ﬁwﬁwaq{]ﬁgmﬁdﬂéﬂiﬁﬁﬂﬂ%ﬂhﬁ%@ﬁ’lﬂm 2015 flaviiell IneUssiiuddeyuos IUU fishing
Fovsifiuanmaivinlininensderithiiviinaenas wasyiliivinussusedugnnguanedos
ooy Snisdainansssuuinmivasyihligumumneilsouneas el aindoyanuiindndas
g Inziailanfiunann IUU Fishing #lUSunaugedia 11 - 26 dususiel Amdu 15% a04
Uunamdnfusiomamganaan videanduyadinit 10, 000 FuADARTTAIZ 3 EU Tu
gmw&mmmm%wiw:ymﬂammmﬂgizwﬁmmu dleuil 1 unsem 2011 Liledesiiu vin
wazdinana 1UU Fishing Wnuaduly Tagldvennusmiionniguiaussmanigg sasnaufidiu
Aertendendndulimndieuftinutennasiunsssusimeduusanaiug uastennas
a1na Wil npsadeu VU aseunquiadeussuslunndyminussinn wagynuiud Aifins
Wuideuaniieliussaingussasddanan EU Seldruunlidesiinstnasfauvasiiuuazanny
gnFonINMINeYeINTYNUTEAN WarduunnguUsEmaTiAeadeseanidu 3 nqu fe (1) ndul
lalAgndosiu 1UU Fishing (2) nguuszmailasy Tumdes snFouliiinisusudsaudle (3) ngu
Uszmafilasu Tuuas Gaazlauairuinsmstidnaudussss nelud 2014 Yssmnelnedendug
deoandudUszusnglngyiuilududu 3 vedan lneyadinisdeentan fs Yamin uazems
nziauUsguluda EU aediesn 700 dumeaansansyn siel @adu 12 % vesyarinisdseen
AudUszaslaesiunesive) il ni1 58 % vesndndurissusiilnedseanluds EU WHuewns
du3aguvdenminsziedlasdiilvgduyiinssdeuariaulssy egrslsAmuneliiteuly
Seiuilfsualdduiumsdnds audtysmanisuilalgmnisissusiinngmane (aam.)
deuflatiymmstssaiiangmneluvssmelng Snisdadinisdnfiqumununsudadodi-
99N #1390 port-in-port-out $1uru 28 wisludminmenziaiusemaiofinussansamluns
ATINRTLATATIAABY TIIRIMUANE TSz IUTINNIINATY 30 Funsea TnsiFedinan
fosudadoya 017 sdluoygn slandesiiodudan uazdeyagniSeudqudmuaunisly 24
Hlusreunisidiviessnaininde uenaind etudl 1 nangiaw 2559 Sgunadaldiduld
wszsiygAnmsuszusatulvl Audlvanatuinilel 1947 Taefinsusudsammsnisauay
Soii-eenuaziunadlnugnszyhuszasinnguuneogiadaviauntu 017 nisfuUiuns
Uszusiiangmaneidu 30 §uumannifin 2 uauuim uenannisiedeulmusiniaizudn
aeLensuLariiieadesdun Seldfinmsrunguiacs Task Force wionguiauiamsiaiu
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WieatiuayunsudlsdgmasnanlnenguiauameAaussnausme guan funuainmiieany
nafy ssAnsiilinansnanils (NGOs) uagf@udntutin e1fi Costco, WM Morrison
Supermarkets, Sodexo, \a3ajlansdnsiens (CPF), Tnegiloulyisigu (TUF), esdns Oxfam,
way Environmental Justice Foundation (EJF) tJugu Iﬂaﬁmémmdwﬂé’ﬂizmméﬂﬁﬁ@@w
wazngatoTagvanad il HunsesudydfinisUszas 2558 videiRetosiunisfuyud d
arwsflefnaniudsruialous Shimp Task Force dsffsznaunsazannislivaiu
MnFeuszuslivdeiios 10-20% uaziululdnansnsifindeaingnamnssuUaryuiuayed
Wy

JUT 2.1 uanansmlyadnisdseenesneiaveding U 2014 (Miie: duneaa1sansy)
(P37 MTAATIZALAY EIC NTeNTIWIaIVY, https://www.scbeic.com)

JUN 2.2 wanansmlyadnisaseenemmeiavesingly EU U 2014
(#37: MFAATIEAIAY EIC NTeNTIWIaIVY, https://www.scbeic.com)
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Fndfuile Aetyuisiundanu dudutladedrdglusuranlunisiiuuaiienig n1a

o o

3

a

wiswsha warludAdun Wuiinsufufiogudrindeussadlnedninyliitufeadudemas
sdnlunmsinaUszas Samandudemaduigtuiunltdufiadu uivimadiilueuan
fiflogognadnin dasiolazdsmansgnuduguusuninuasnsiuuszadlng videusiuata meu
ymennsmmziains asduliinaafianaduiiuiivssasneil viefuiiussuaniiiu uay
slsfoshniamualuiiudl nmsviussasiiviailasnnty ﬁ'}meuﬁqﬁu 5"1?1’113’131"141’71'@3@%14
mAezlvaiifesdsionndisussna nadaainnanisd (AEO) Tull 2558 wa+ Geanuaiiy
sandunlunisusenounisfigeiu

PnNEITleasUnand Ay vesnsesniuuie 11 3 @i Ae f5e wodsud Tudns 9

Y 9
4 ¥ s

NA1sAUATITeYR warn1sualmesAnuiindlunisesniuuludnsiSeUseusivunzay
dmiuldiuseyszusludssmalneaielidussaniamgu anunsaudeduiunguussinaly
= Yy ¥ v & | a D2 S a 1% ' [ 1 o A
adeuld Nidadumsduasulvinguenamnssuiiieates lidrezsdulsideludng gdese
l9sumstnenenaadniug en1siaunEnduvewuedligau §mSun1Tudadun ULy
Tupannaina 1u {33l Literature Review unmaivnsineisuimssiunuidevesidela
fail
Erik van Wijagaarden uazmeug [50] Anwn nsaln1siinlnssoiniAvesludnsisausion
UanaUn (Propeller Tip Vortex) Laznaveiidssiazn13du na19a1se (Inboard Noise and
. . = < 4 o A a =
Vibration) 989138AKL39g9 Uazn15MAaed3ed1aed (Model Scale) Wieia1san 1dee uay N3
fuagiiiou Ng1uAnud 20 - 70 Hz. Fanudn veutiude (Leading Strongly) avdizan Ldea
LY Y] I a a IS LY .
wagsyAuNTdugsLiou ansluinvesanuddulnludng (Harmonics of the blade passage
frequency: BPF) fagufl 2.3(a), (b), ()

gﬂﬁ 2.3(a) wame Cavitating tip vortices observed on a model scale propeller in open
water.[50]
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gﬂﬁ 2.3(b) wama Tip vortex cavity connected to a sheet cavity on

a propeller scale model. [50]

g‘d‘ﬁ 2.3(c) wa@ns Ring vortices around a cavitating tip vortex

observed in a cavitation tunnel. [50]

M.M. Gaafary [51] Anw1 nsaisnisufumdmsunisesnuuuludnsiseidunsiaviin 4 luiie
(Blades) Ane yn Series type propeller 71U 5 (g A9 Developed Area 3o (Blade Area
Ratio) Ac/Ao= 0.40, Ac/Aq= 0.55, A/Ag= 0.70, A/Aq= 0.85, Ac/Ax= 1.00 ﬂmsmwﬁgmﬁm
IG]EJ‘%JJE];JUaﬂ’]’iE]E]ﬂLLUUﬁQLL?{ﬂﬂugUﬁI (2.3) dw5ui3emuisa (Ship Speed) 17.5 Knot, A1&s
6,090 kW. Tne@nwauseanSan(Efficiency, 1), dulszdnsusawdn(Thrust Coefficient, Kr),
duUseAnsusedin (Torque Coefficient, Ko) filudnsanansavinlé Tneldinadia (Least Square
Method, LSM) wu3nludnsaiin Ag/Aq= 0.55 liusedvsninasan éfummiugﬂﬁ 2.4(a), (b), (c).



g'dﬁ 2.4(a) whgne Optimization model for constrained problems. [51]

31]17; 2.4(b) uans Open water diagram. [51]

18
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gﬂ‘ﬁ 2.4(c) wane Output results of the developed computer program. [51]

Eckhard Pracfke [52] Anwnsainisesniuuludnsisoifungia st Spiral lagld CFD
AATITINANITS1a0e Ingfansaasy Uk ugudnatsludng (Propeller Diameter), Blade
Load Distribution 1flnansznusie dulszansusawan (Propulsive Coefficients) ni5alal 1ne3s
The Reynolds-Averaged Navier-Stokes Equations (RANS equations) Iay Fix A@awys
(Parameters) Fall Design (Resistance, Quality of Wake Field), Machinery (Main Engine
Power and Load Limit Curve, Gear Box Reduction Ratio, Shaft Diameter), Propeller (Size,
Number of Blades) wagClearances ﬁQLLaﬂﬂu'gUﬁ 2.5(a), (b)

g‘i.hﬁ 2.5(a) &ng Optimization Loop. [52]
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31]17; 2.5(b) ans Optimization Process. [52]

Spyros A. Kinnas waganiz [53] Aine1 1309n158519uUUs1a09109n154 RTINS 91N ALY
winvialiasiluluinsdefungia Smenugiduasuldin wwudasaves Lifting-Surface wag
Surface-Panel 1hluglnssormailsined Alnaseuq ludng Fseganeldnsivadilsiauunsny
wwawnu Tngveulwansiinastuiiung wazaunuvedinsio1ne wazgnivualaensly
137 (terative Method) Tngludnsiléiduludnsuda 5 Un uaneu (Rake Angle) 30 a3
wazgavinglangd1191984 (Boundary Element Method, BEM) wag (Vortex-Lattice Method,
VLM) d1m§unisviunewsulngsennie (Sheet Cavitation) vuludnsderiunsia Fanafla BEM
annsaftazthllflunsdunaigeeinuainisiia Supercavitation.uenani Kinnas wazAae
[1994], Brewer Wag Kinnas [1997] Aldimadatlunsissuiisuiunanisnass G'fag‘dﬁ 2.6(a),
(b).

non-axisymmetric midchord partial wake
effective inflow wake cavity on back side e %\ =

supercavity |
on face side'V

supercavity on back side

gﬂﬁ 2.6(a) uans AMnwangludnsuazszuuiing (x, y, z) kag ship fixed (xs, ys, zs). [53]
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SUN 2.6(b) wand a: NURILNA39 (exact surface)

Y
£

b: fuRalnT01n# (approximated cavity surface).[53]

J.P. Franc [54] leinandiawanisnaassiillgnisasisaeudeiaaseananulidiaiosves
Tnssomeafiludnsde anmsdun Wesdunuitnsiomedianuudnludng (Attached Cavity)
fiintu iinginssumiloutu Re-Entrant Jets lnednedauideves Laberteaus and
Ceccio(1998) Faaonndaatuuiseves Knapp [1995], Wade and  Acosta [1966],
Brennen[1994,1995] fidnw1 Partial Cavity vuunulu wuu 2 ﬁﬁ%mamﬁlugﬂﬁ 2.7@a), (b) §33¢
Ipasuuszinulinanmmeassenuiunuvesnnuliaiosveddnsieinisluwuuiiaedudng
yasnesinFeansss nuinAnandulmvaned uifidsansenuinnAeussiuiivualg uag
Fos Sedamaliinmassludl3nnmnsty wasnslnavesUSinsresermasiuauannuudnly
dns.

gﬂﬁ 2.7(a) wama Visualizations of partial cavities in a cavitation tunnel. [54]
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a3T

84T

31]17; 2.7(b) wa@ng Visualization of the re-entrant jet and of the cavity oscillations [54]

G. Kuiper [55] lananfsniseeniuvludnsiazmsiauilng lnensuunaila CFD uny
Tumsiassnuunaziimsuiulsuaiesdeasuiiisusineg Tnsasuidunisiniause Parameters
fidoemsraaaunouazld RANS (Reynolds-Averaged Navier-Stokes equation solver) Tunns
uwitvinseenuuy Feaussouraedludns(Propeller  Performance) tinesnuuuludnsay
Focus Ul fiFe uay Anudesnisamiiivesde dadunddyuesnisesnuuuluing lnei
l4¥ida1an . Rotation Rate azifuassdoulvveuiidfny(Boundary Condition) Inglsl
fiansan Anudemeainnisinnseu(Erosion Damage) wazAuLdaniea1nnisdu(Vibration
Damage) %aﬁ%%’alﬁtﬁuaiﬁﬁmam CFD dwusulunsnan Trust, Propeller Inflow, Optimum
Diameter, Pitch and Rotation Rate lagluniswaiuiludnsazsesiarsamenwes Rake of
Blade Sections way Wake #azifindu Usznoufiunisin CFD anldlunisshass Tnsanunse
tanldlunsdnauszaniamnmshnuvenaisseudidoTuauinade (Full Scale) $391nn13
ynasLazaTIaaeuAfildanmsialndidssiuruiauazsuiuuwes PV (Particle Image
Velocimetry) éﬁ’agﬂﬁ 2.8 Faasifunmsuddymildd nnsmarmnufuwlsvesaausulunig
wiloniiAnlnssomeatuardes Focus Tuiidludnsuaznisideswedlu,

Uil 2.8 uans PIV dmunisviaaes [55]
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Joao Pego uazAng [56] Anwinmsiausauazanuiiluszuuduindeude Tassvuu Pod
Juyaduindoude niouueined narveswamesideusoruluin Tuidsmioasslu 1aesas
snannTheiFeuavyumILLAUiBl AL sTURagUR 2.9 () 91nefafikiuan Pod Drive 161
Fauu iz ansnmgetusionistuindeuieuuuidulasanzegebsdmivdofuayms
Uszansnnlaesiuvesszuuiluledudmaniossuunsnununisiiuzeveasaifuayms was
Frewmidududaisidulunisusulganssaniamues Propulsor. lun1sinfdswes LDA uay
n5iaa Aaewailla inline co-rotating and contra-rotating propeller pod drive models.
Tnednuay szuufuindoudeuvud Tunivesaussouzvosgnnnamand aztnlugdnisiia
Uszavisnmegranniian deeaeulaglduasiaees mslinsizsinsgandunasnnnsgnuiludn
Lwiazagméﬁ’qgﬂﬁ 2.9 (b), (c)

gﬂﬁ 2.9(a) wa@ne Pod drive model [56]

31]17; 2.9(b) t@ng Drawing of Pod drive model and water tunnel balance [56]
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_<

JUN 2.9(c) wans Wslnaludnsmunwidaiivuunudsdaivludng. [56]

Yoshihisa Takekoshi Wawmug [57] nsdlAnwiniseeniuuniianUnludnslaglddd “A
vortex lattice method” wazdaneddy \unsinaueisniseenuuuludnsludlagdd vortex
lattice method titel¥UsviiuaussausaznsnsEaE ALRLT ARt U VLS naiuivesluie
Tunslvaiilainesa (Time dependence) waglyiasinawe (Non-uniform flow) Tnensfiansanlu
dnsuila 5 Un Ayandes 36 e Wisuiflsudu ludnswuuifn wuimsifalnsseinimagFud
0.7 R - Tip Blade (1 R) wazlsiszansand 0.62 elnedaiiuszansamlusnseziiudu 1.2 %
sauanslugud 2.10@), (), (), ()

gﬂﬁ 2.10(a) wans A waevesruRuuludng (model of the original propeller). [57]



@ Propeller

Y
l Pre-processing l‘

Change of Cj-mid.

v frx), ACp(r. x)

‘ Propeller performance in unitorm tlow

Objective function fX)

| Change of geometry
(X is upgraded)

Yes

____l___________

l Non-uniform flow simulation (Cavitation performance) F—

/

New Propeller

UM 2.10(b) uans wnudsvasnisesnuwuuludnssenisnseareniseinvuall

0.5 T T L] l T T T T T
04 b — B
03
02|
3 0.1 ;
| S \
o1 b | 025R—— 0.64R oo B
Rl I 0.35R ---reeeee 0.74R -s--me |
. i 054R .................... - 0'93R R
_0.3 i 1 i i l 1 i t
0 01 02 03 04 05 06 07 08 09 1
x/C

5UT 2.10(c) uans N13nszanenseTINuuludngis 3 wuy
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AC,’
14
o o o 9o
[#8] Y N =)
T T T 1

e
(]
T

"‘0.1 1 i 1 i 1 i 1 l L
0 01 02 03 04 05 06 07 08 09 1

x/C

Ul 2.10(d) uans Msnszanensysmesludngiis 3 UL, (target UT-NC wing section).

wudleusue X (Change of geometry) dlo X 1Ju Design Variables which Minimize the
Objective Function f(X). dswalyininunuived Panels Tuiianiesniuuuisasivazauiuinese
(the Radial and Chord-Wise) anas vilitan Ky, Ko wUsRudsnali qqqsﬁu uazasNalialngg
oneTiAnTuE e URUR L Clyig JEWINUUU Model ag wuu Original T Tnssene
srunddluiidusunsasslusnsanas (Harmful Back Cavitation) wazdsmuinnisnszanslnsg
91MARLLYIABSA (Distribution Chord, DO) TinlwssanniAasBuisumisgsgai 0.72 -
0.81 uwazazanawiie DC wAeudlng 1

J. Bosschers  LagAmg [58] Na109N15ILATIZMLTIN AL ANUAURUSTENING Sheet
Cavitation fuludnsi3e Iagldaunis Reynolds-averaged Navier-Stokes (RANS) Tun1siiasiesi
ANUFUNUSHAZAWINNIT A TABRNTANRIN NITIATIEANITINAVTD NITIATIERENTTOUY
nsluaveswasladiulusng nsiesisimauulsiufiinendise Lﬁaammﬁuﬁuéuaz
91883911171 Model Cavitation laggna#Anssuveulun (Extent) Y09Ins0INA AUNUIVBILNTI
onATiARTY waziunelnsienait Skew angle vesludng Inefiansananludnsdeiiu
auns PRO Nedlloyd Shackleton. wagyhmsiiasesinansznuyeanauIL Suiinainnismyus
39911 #1833 Force Field Method (FFM). Tngannnisiiansandudsvevvesludnssrass
(Model Scale) waz awnlda1uass (Full Scale) Fsnuimaruwnnassudniosdlsiinanes
3o Fauandluguil 2.11(),(b),(c)



U 2.11(a) uans MIiUSsuiisureulnvedlnsseInAgu E7T79A.
AUL18: experimental observations. Auw31: PROCAL results. [58]
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g‘d‘ﬁ 2.11(b) wany Cavity extent at different blade
AULY: Experiment in the DTT. A1uw27: Nominal wake field using FFM. [58]

3‘1]17; 2.11(c) wans boundary factors for the first blade passage frequency.
Auge: Model scale. Auw77: Full scale. [58]

NAINUMIUITIUNTIN (Literature review) UnAuAgnIshazuideauludng lneld
wiAfia Vortex Lattice Method daduitugiulunisesnuuuludng B-Series th wuintinddedu
ludnsuazgoanuuuludng asAnwilu Algorithm waz Parameter unasauaziinsUSuAIfINYS
ﬁ?ue] LAYUILEUBNATDINITUSUAPILUS ITNansEnURaluIng buaule WU Cavitation, Thrust
& Torque, Efficiency, Noise, Vibration 1uu TRgEaINNSUSUAFLUS Iy deRATIN IR TILaS
Madousafie nanfe e19avannsAUUEs AT aINES MIANANLEIFIEE MIALEATISS
gaude mavinAudvesesdivanludng n15su Load lnegidediulveg svdatiuludng
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P A a A v & A ! \ ) aa I A a a
AuSaAUNZIA (158A7) Bellyarmnanseatngs wasnuinludnsniealdlunduiSediunsia (38
A1) agldA1 Advanced number (J) Tu99 0.62 — 0.75 wag Developed Area %30 Area Ratio 91
0.40 - 0.55 Famunzauluszezanyiian

Tudnideiestu anmsinuiuludnsuagnisianulunsugyisse ladaiudym
naaUszasnglulszmelng (Ref. unil 1) Fadaiunisiaunludnsvwiaan wetluldlu
d y P T & & a ° a .
3UTTUITNEE wazt3aUTENIUIAY (L5LATEIN9E1R) tAen15UN wATa Vortex  Lattice
Method wuu One dimension vortex u1lgluniseanuuuludnsuaz@nen Algorithm uay
Parameter ililed1fgy Ao Rake Angle 71 20, 30 94A1 uaz Developed Area %39 Area Ratio 7
35 waz 50 71 Advanced number (J) Tuga9 0.75 - 0.85 Fadugawaudnusziunila nanfe
P 2 g < A a o da S o 2 a 8 = v A = &
P83 aUsEuatmy LTuSaRNANENURY (S282aULTRNNRIUNDWB950) FuTunIsuaLse
(Contribution) A1 Free Surface H4WANANGANNLSBNAULIAN (9719999710 UNA 3 Effective wake)
Felunnsgiu NACA wazlunimgud) Vortex Lattice Method lafmuaafiiuUsdmsuizasigg
17 a4dl Ao AvduusdmsuiSedumanuditiunats .Amudsdmsudedunivuinlng Aen
WUSANNSTULS 9ABULNULLDS @héhl,miﬁ’m%’uL‘%@Imamﬂué’m@j ﬁ'}ﬁmwiﬁw%’uL‘%aiummﬁaqﬂ
a < | [ o [ & < a < & a, = 1 = 1 & io’
(MANSIVULEL) wazATLUTdmMTUSoTUAISIEY (MAusuaud) Fanudnldiinguisein
AuTseguen Class N150ankuy wazgudeyaniseaniuy edndudedinisusuuirmamnan

nanlagasy dnwaaurednuide fe Wunsimuisazesnuuuludnswun 3 Ynly
° Y y = 1 a a =~ Y] a A
A5 USaUSTUIUNURY wWaLt3aUSTUIUIAUY (158LA5891N9817) LlanALNUlUTINTWUULANN LT LY
Ua90u Faduauin 2 Unlu Tegludnsnlaviinisided dreannisifialnssonnie uaziiuiiug
RFUREUNUINTY FINALANAITULAADUTDUIDATU aNNISAULUFDINENIY AaRNANITNILEES
ae ibszggnmslumsiiunsiauniunldiudy WewSsuisuiuludnsuuusunldludagiu
IneajsfnunfenudnuuzauduTus vasdnsidiuiieNaduuy (Developed Area) fun1sides

a A a Yo A ) v a wa

Y8aUnlu (Rake Angle) liawinanssauglniuisaussas Fanaannisvaasduresljianis a1n
nsdanaaIEn (Visual eye check) Wagnaa1nn1s Simulation ey Xflow (81985luuni 4)
Tinalufiamadeniuhe annisialnssenieunnaludnswuuduntdludagtu.



unil 3

NANNITUATNO B

3.1 N8 FUNAFIY WAL/YTD NTAULUIAAYDITINIRY

Tnssermadusegisvesmsidems dalavnunainnisiedousivesvesiva uarusng
Ianuguusivednsiomailudnside WuauvamdniiawnsaviliAnnsgydeUssansaw
waztdunaliifinnisfaens vie swyuilieluing naenauninuiavesiauiefios anasing
dmsvaitetandunsinnidasaiaveduinadeussuniiu wag Bemseniimunzay
waztdulunannasgiu NACA. WeanuTunanisifalnssemadadunaduiiosliinnisidi
UsrBvBnmenusiiuiade Sndadumsanmsidemeveduingde

5UN 3.1 uanmginssumsiialnssoiniavedtudingse (M0 http//www.dynaflow-inc.com)

sUTl 3.2 uanamainlnsserneluesufoanng 1 http:/Awvww.dynaflow.com)


http://www.dynaflow.com/

gﬂ‘ﬁ 3.3 uane Propeller Model fnsalu Water Tunnel Lab,
(131 Lab. Kyushu University, Japan)

3.2 M9¥fN1398NWUY (Theory of Design)

3.2.1 nanniseanuuuludnsiselae B-@38 (Wageningen B Series)

- Stage 1

Uoyan15eeniuuluing Bulk-Carrier

Lgp 135.34 m.

B 19.3 m.

T 9.16 m.

Cs 0.704 m.

Vs service, 15 knots.

oV 1

Trial Speed Range 2

Sea Margin 1.2

z 4

NAN1ISATUIN

Vs Rr PE Trial, PEservice,

(knots.) (kN) kW) kW)
13.7 281.95 1987 2384.4
14.75 337.92 2564 3076.8
15.8 413.04 3357 4028.4
16.86 523.47 4540 5448.1
17.91 648.43 5974 7168.8




;%

dunuAugnandludnsnunfanneausula

i q = 06T
fdunniigregnisioiiles = 085
UsEANSAINNITUYU (NR) =1
Usednsnmunaiwal ms) = 098
uiuaudnanaludInsndeiie = Dya-Dg = 5.496 m. = 5.5 m.
W = 0.304
T = 0.214
uiuaudnataludng Open Water D, = 01?9135 _579 m.
Keller’s Formula: % = [—(1'3+0'3.Z)2T]+
o) (Po _PV )'D
Ryt = 434.3604 kN. @ V< = 16 knots.
T= Ry _ 552.621 kN.

(1-1)

D oo |
h = — 0.2 ; ﬂ']']iiéﬁ\‘i"i]']ﬂLW@WW@WLLVUQﬂQﬂﬁ’NQ’]ﬂEWN

2
AMUAUUTIEINTA (o) = 102.3 kKN/m’
Awslloeti (Pyo1sces) = 1.646 kN/ m’
H=(T-h) = 6.212m.
Po =P, +pgh = 1.6376322 MN/ m’
K = 0.2; dwsuludnsien
AE
o~ = 0.482127

O

\danludnsann Wageningen (ulasarannsiwilunisa)

Vswia, = 16 knots.
PE(trial) = 3575 kW.
GHEEIL N Y = 0.7
P,
Py =— = 5107 kW.



Vi = [VS(trial)'(l‘W)] = 11.136 knots.

1
p2
b, viss| N7

A

LS

-D
o, =3.2808- N-D,

V.
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WAUE58U (rpm) WWunisuyuitludnsseuseudl wu N = 80 ~120 rpm. 91NTUAIUIUN

A (B, —3) wazie (B, —8) il lusmueruszavsnmludng (n,)annsl

N(rpm) Bp o (no)
80 15.9979 136.3527 0.620
90 17.9977 153.3968 0.624
100 19.9974 170.4408 0.626
110 21.9971 187.4849 0.622
120 23.9963 204.5290 0.605
souiwinzay (N) = 100 rpm
Ussavsangegn (n,) = 0.626
n MMM =| ———— 0.707
D(calculated) — "IH'IR'lO — HNrllo = .
( ) 1- WT(Service)
€= nD(Calculated) - T]D(previous) = 0007

£ 91 € 11NN > 0.005 Tinduluuszanaen (1) TrslwagidanAfiuinndt 0.005 dulae

Brake Power ; P, = Py

B
MpMs

[ 1 1 P

Inmdegegnegniaion ;

P
0.

B

85

UTaNsnmunInInian1as ; Py =Py

Bp

)

5160 kw.

= 6071 kW.

= 5056.89 kW.

= 19.89882

= 1619188



0NN Bp-d 7 (19.89882 & 161.9188) 81uAN Py

B

1 Mean Face Pitch = 550m. #

- Stage 2 (1ADNLATDIBUA)

ANUNBTOUTILNZEY (rpm)

Brake Power (85% MCR)

1%
[

ANAYIanLA (100% MCR)

= 100

\A3098ud MAN B&W $u 4S60MC

5160 kW.

6071 kW.

- Stage 3 (NMMs9IUPaNTIAULIUYIINTTTN9U)

N (rpm) AaaA3DIEUd
L1 105 8160
L2 105 5200
L3 79 3920 100 5160
L4 79 6169 70 5160
79 6169 100 6071
105 8160 70 6071
N flanzau a9
100 5160 (85% MCR)
100 6071 (100% MCR)

34

[ @ A < [y 1 o = ¢ al
AIYIUIEAIUSITE LAz AULSITOUVRILUANT IUYIINISYINIIUVDLAT B UAT (85%

MCR)

W dmdu Service

77$(Assumed)
Py =Py -1
P=F -

10 Pr service, 8% Vs NAMUIAT 84 AL 3539.82 KW. 9219 Vs service,

VS(Service)

V, =V (1-w)

Bp

1.1 win trial 0.3344

0.7

5056.89 kW.

3539.82 kW.

15.3 knots

10.18368 knots

0.248822 kN.
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OB = 1.770605 kN.

uusavidaaniluly (N)

N Bp OB

80 19.90575 141.6484
90 22.39396 159.3545
100 24.88218 177.0605
110 27.37040 194.7666
120 29.85862 212.4726

| U | [ ¥ ¥ P
81UA1 M, 91NAT (Bp-p) AutdulAy —2
B

n, = 0.583
Np = 0.688

Tl D(Assumed) - n D(Calculated) = 0.012

L 016 () Nlakanseiunnndd 0.005 Tinduluuszannn (n,) Tasduavihnisaiune

WoUszaua ng Waukeuly agla

Prisonice) = Po Moy = 3081459 KW.
f\]’]ﬂﬂl’] PE(Service) ﬁUﬂIq VS ﬁLﬁUIﬁq PE(SerVice) EJI"I‘UﬂI'] vS(Service) VLG’T
vS(Service) = 15.25 knots

31N ( Bp-3 ) Ninlleyndinanunsa euen ( Bp-8 )l

Br = 24
0 = 174
Va = 10.1504 knots
N - Vi
3.2808-D
Neservice, = 97.95 rom

aziiu @ 85% MCR Sofinnuidldau Ve = 15.25 knots, N = 97.95 rpm.



Cavitation Number ; (or)

k)

- Stage 4 MWUNA2lUANT (BAR) wae n13AuANNISIialngana (Cavitation)

h= (%) +0.2 : (ANNGRINNATNFUNUNINAFIN)

AMUAUUTTEINA : (Par)

= 1023 kN/m’
ANUAULlOVON : (Pyp 15 ges) = 1.646 KN/m’
dvsuieulansnaans
T = 916m

Pp = 5056.89 kW

z
[

100 rpm

Va = 11.136 knots

L
D
My = 0.626
H-T-h = 6212m
Dynamic Pressure; (qn = 22.4776 kN/m’

4y =0.5-V2 =0.5-[V§+(0.7-n-n-D)2]

Py Py 162.1172 kKN/m’

0.721234

36

91NNHU8s Burril's  waznsan Cavitation  n1eladndndnuuvesmdulssdns 1. azlaan

Cavitation Number (oRr)

T. = 0.225



NULY
L i .q, =50574.96
P
7= _ 555 6214 K.
VA
e
P, T-V,
Mg =——= =Mgr Mo
PD PD
A, =—1 = 1092678 m’
Teqr
miuildananuduiusues Taylor
A

)

Blade Area Ratio ; Ap~ Ag

BAR =| ———< = 0.55

\@on BAR = 055
AU BAR = 0.55
Aunad BAR = 0.55 < ariliden (0.55)

ws1zaztuludnstaziilanianisiin Cavitation Uae

13.03911 m”

37
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3.2.2 WANN1599nWUU Impeller way Cordier Parameter Diagram

mseenuuUTRaLTiiUsE S mgwinedUsraunisalvesieeniuy lunsivun
yuanan lnevhluinesnuuuiinanagldununin Cordier dmiumaadusu Afesnisas
e (1Wy 8n31n1siva ARl wazauslunsngw)

dmsuidurinuguénansiiinzanvesinaniiuszaniamgeaunsanilaain
WHUNW Cordier ngununm Cordier unnunimeusedngniunisin vespruduius
5211985115 b8 Aady A lunsngu wazidurnaudnans ag1alsiny wunm
Cordier lallalitogaifeafugunsdusin (Shape Blade) ogaitu su uazanunirsveslusin
dlewudorind Fafingdmdumsesnuuy Taslituegiulsvaunisaivesinesnuutiay
W5 feesaneg A1UsEANSAIN WIanTiesziaIUITeEe Beiiulsaussausfinuldialy
fo Auduiusueadnandiu sewinsanufunuuasiifuauduianaaiidindy fniadl
Tuinlugsaanuu engniseenuuuuasiulsaussnuzmani (Judedin lunisldan

Fefuusyansnmlugauafuuusiuseninadeud (nemsuyw) Jagniiaueidiels
Ienadndsauiivanzan veauss Sruudusiugudnans uazsiuusdug Asudulunis
W50

3.2.2.1 A5nseanuuulunau (Impeller) Tunuasesl
feg1e NsAImn1sesnuuulunIu (mpeller) Lﬁa@'aamwuﬁmumﬁa
wUsdad 7 Smsinslva (Q) = 300 m’/h (0.0833 m’/s)  1am (H) = 50 m. wazAALEITOUNIS
VUYDIBLABS () = 1,450 rpm.

A5 Armnusuanzdmsula (Specific Speed; ng) AUIUAIN

n. = n/Q
s H3/4
ala
_ 1,450+/0.0833
Ns = 503
AU
ne =223 #

\ans1uen Specific Speed (ny) AANATIGIUES

Shape No. Range Shape of the Impeller
10<ns<50 Radial Type

50<ﬂs<150 Mixed Type

15O<NS<4OO Axial Type




111 shaft Power (P) 31n@unIs:

p _ PEHQ
No

le: M, = overall efficiency & 43U single stage, single entry

g1umaInnsmla M, = 0.85
Patiu
y P P
&S Torque (T) avla: T=—=—
w 2Tn

55,000

T 2m1,450/60
Aussdnnla T=362 Nm. #

31]17; 3.4 n9LEAAS Useansn1n Single-stage Single-entry
(an Centrifugal Pumps, Johann Friedrich Galich, an ed)

16 T
91N@UN1S Shaft diameter (d,): d, =3 16T
T T,
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| v { Y % ! | ! 2 o & v oy &
ﬂ’]ﬂ’ﬂuLﬂmﬁ@uﬁﬂ@iﬁ‘uiﬂﬁ]8@%114%’3@35%’31@ 40 — 60 N/mm mquuwlmaumu@uaﬂmﬂme
WinAU de = 32.13 — 35.64 mm faiuazla de = 40 mm.

91n@UN15 Hub diameter (d,) azle dy = 1.1 99 1.3 d,
Fatiu

dp=12d,=12%*40 =48 mm = 50 mm.
W915841 A1 Eye Diameter (D;) 30n@NN1T:

Com =V2Y

#1315041 A1 Volume Flow Rate (Q’) mega m1lavnaunis:

Q'=Cyp Z(]Dl2 _dlzl)

Lﬁl@;
. Q
Q=%
Nv
v ¥ Y 4
Aatu 9zlA Eye Diameter: D, = —Q+d121
X Cop XMy

NW215841 A1 Efficiency Volumetric (T)y ) 3naun1s:

1 _,, 0287
ny
1, 0287
Ny 22.3%°
1062

My

ny =1.0362

A1 inlet number M lAINAII9AIUA



5UM 3.5 uansrnisiden inlet number (¢)

9191579 9ld £=0.08—0.13 #in, = 22.3

MUY Cyn=2.5-7.52m/s=4m/s

Uszanaim inlet number 910 €= (1.5—3).10_2nS

2
3

o & v 1 o 4x0.
faty D, axlawindu :\/w+0.052 =0.173m ~0.175m
ntx4x0.965
#1A1 outer diameter (D,) 310:
1 . . gI_I
1. A1 head coefficient (\y): =
1 \ Ui
U, = mDyn _ 2gH
60 U]
b, 60 [T

41



ANERdUUSEANS d sy Ju agle

v Pump Type
0.7-13 Radial Impeller
0.25-0.7 | Mixed-flow impeller

@won y =1,U, =31.32m/s,D, = 0412 m

1/4
A1 specific diameter (8) WiAY: S :W
. ) . . 2gH 2Y
A1 specific diameter agls = =
" M U% n*n’D?
_Cu_ Q Q  4Q
o= - 2 T 2R3
U AU =D n“D’n
1 nDn

et specific diameter Wenlval agls
s vt _( 2y Y/ aQ VP _1osD, Y
~o7” \@n’D? ZDn) Q"

R
10s(g /@)

FaTi (Dz) "\]3‘15{

D,

WaRANIINAMUENAUS specific diameter AU specific speeds #3138 (Cordier Diagram)
g1uA1a1nngmle 8= 0.65

AITUEURNUANENAIWBNENN TN AU

D, = 6.5 =0.397m

1.05(9.81x50/0.08332"*
D, = 0397 m ~ 04 m




a3

aun15911ANANNISluie (Blade width: b,)

o . Q
: TCDICom T]VTC]JI(jom

B 0.0833
0.965xmx0.175x4

1 =0.039m ~ 40mm

gih"’i 3.6 NTWLEAIAN Specific speed (G)

gunismAAunIeluie (Blade width outlet: b,)

= Q' = Q
nD,Cy, MymDLCyyy

b,

Rt (Cpr) AaNsaMIALARINFUANUARUS



gﬂ‘ﬁ 3.7 nTLERIANUNEURUS Specific speed (n,), Blade width (b), Diameter (D)

NAUNS: C,,. =k, ,+2gH

e (éwulé’magﬂmwxl) : kmp = 0.11

Pty Com = 3.5 m/s
0.0833

) =0.0199m ~ 20mm

T 0.965x7tx0.4x3.45

aunsmeyudnluin (Blade Angle: B,)

B, =tan™' Com =tan"' Con_
U, nDn

B, =tan' 4 =16.75°
tx0.175%x1450/60

aq



aunsmautnluie (B,) lnensuszanaiaingdni
tanp, ~0.4—0.43
B, =21.8°t023.3°

B,

aatuTudnluiedmiu Imperller 9z19a1n38 stepanoff approach : Z = N 7

(%

aglaaun1sauiutnlu (Number of Blades) Addl:

Z:le+D2 sin(Bl+sz

TagAN K = 7
wiszazduaglaauutdnluie: Z =6 Blades #.
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unil 4

N1599NILUVLAZAIAILUTDDALUY

4.1 35n1599nUUU (Design Method)

nseenuuuludnsisuiarsanannsivuaAIAuEIsou N (rpm) h3eeaus tieldm

[

ANf&9nds (Delivered Power, Pp) wasaunaluing D aieanusi @ Vg aasabuil

£ '
al

- Step 1: envlialudnsiagldlaeaztusgivyiinvese Ussdninnasan deatieengn &

AuAaeILAaluNSUHUANY MIUsendaiiomas warn1sungesnm

- Step 2: w1AwIUlUNARINT lngdsnanidselgmiainudsssusifvelasiaing uay
gUNTaIAN9Y
3

- Step 3: M8AIIEIULLENATLUN (Blade Area Ratio; BAR) @33ggnideniilenaniies
Cavitation M1agiinuuludng A1 BAR Baunnfagsyilsiiin Cavitation Ueeas unasdidyninssdu
RontifnuINTU Fadamasenisaydendeiu Tunwidelagiinundi BAR 9 0.5 uag 0.35 w38

A Yaa o ' @V v 1Y a LY A
9199%LA0N1EI5N13AIUINAT BAR Alausinasfiansansiulsdulssnou

- Step 4: 1A Taylor Wake Fraction (W) 21ARaN151ARDY ANHATHNTHHELNT B30Na
nmnageulieg laglusuideilagmvualiiniu 0.1 lngdedaindeya Nsugnmsise

- Step 5: AIANNLEININTN (V) Tnganunsadunalaainaunis
V, =(1-W;) Vg

- Step  6: MUUIALFUNUAUINANVDITHIUTIUAUNGT hazAdUUTEANT FaAuIan
Duax wediulvaavandussifunvesnisiuinan

Dyax =Dp=0;

o, < 0.65 dmsuiseusznn Bulk Carriers wag Tankers

o, <074 @ miuiseuseian Containers
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Tudruruideiilunisuszgndld o, dwmduSeussuniiu wazisenisenilnalay

o ! ! L ! dgl L dl a g U %2’
AnUAA1 o, =0.1 WwsnzARInandarulsiuniuniselnaniiinduuuludng Tusuussusin

o o

Audioarmaliitosiian Aeayd 0.1

Tudurdusinuguinansdiundsdi (Dy) uay sxduiuthanvesie (T) wanafaguil
(4.1) Fadloldvnadusiuguinarsnundadiiudrvunvestudnsaglvglaifiuvuindangn
wielsuszansnnludnsgean lnsunfasimusliissozszrisddaizetuludng (v) ssorsening
Tudnsfiumade (X) uaz seezsewisludngiu Baseline (2) aziledall

sregluunu X Ussanal 5% - 10%  ¥83 D

szerluuny Y Ussanas 10% - 15% ¥8d D

szerluunu Zunds 5% Y84 D
A1 Dg hlmasiiuAfivue veeszeysymineassenuludns (v)

5UN 4.1 uans nsdasvegdrdysneg vsnalassaialudng [6]

- Step 7: wdunugug Open Water (Do) Auanilaannnisiiiudn Dy 8n 5% dmsuludng
D

——B - dmsuluansuien
1-0.05

Wl uag 3% dwiuluingeg D, =

- Step  8: LAUNIUANINAT9YBY Do AT9EldMdeuds (Delivered  Power) @1y Trial
Condition 7fin rpm TwangauwazaannosiuUsEanEAmasanvastuing

- Step 9: 91NABZUNTH MAS-AIUTY (Pg & Vs) A1 Ps 1rial 9281UAINAIMAUIAIVOL Vs Tria
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-Step  10: Uszdnsnannisduiadeu (Propulsive  Efficiency) np ¥11310A15AIUI 04T
(Iteration) dwsuefimnzanves N (rpm) LWaIRUANYR A Mp LU Mp aAssumed) = 0.7 UAZAEY
31uds (Delivered Power) Pp 9310

PE,T[ial

P

D, Trial =
D,Assumed

- Step 11: A1 B way & AuiadlaaIne19903AIa5350U N 1 (N = 80 - 120)

- Step 12: anlaeginsu Bp- & AUsgansamludnsuuu Open Water, A1 mo e1ulad
AWLIRNARBINU Bp-8(Do)

- Step 13: A1 N (rpm) 11U Mo 1N Plots kaLA Nomax N 38 UAlRANLNBINTY

- Step 14: A1 Mp AWIlAIN

1-t
T]D,calculated = anRnO = (1 ) anO
—W

- Step 15: AIAULANANIZAIN D Caleulated U 1D, Assumed AIUIULAIN

€ :‘ T]D,Calculated _nD,Assumed ‘

Auaalunsl
01 £ Emreshold WINGULUN Step 10 Tnyl wae auyRA Np calculated = D, Assumed
5’1 € < Ethreshold » D, Calculated "U‘Uﬂ'ﬁﬁ']‘l«l'lmgg'] LL@%@I'] Mo a'ﬂq@ﬁﬁm’gmiéf ﬁ'e] ND,Calculated

- Step 16: 9INAEATIIEVDA 1p AIMES Break Power [ Pp rrial] AMUI0ULA37N

pPema _Pp
B,Trial —

Mpns B
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[
Y

- Step 17: AMAIFAAAIEaER (Pg) Yy

— PB,Trial
?0.85
- Step 18: Awaad (Pp) 1aain
P, = BTs
- Step 19: Awed (Bp uar 8p) 331N
N-P:
B, =1.158:| —
A\
ey
N-D
8, =3.2808- B

1 P 1 | o !
- Step 20: A1 —2 gruAIINNIsAUIN (Bp, 8p) Nnlaazunsu ( Bp-8 ) uag A1 Mean
B

Face Pitch fieuaila

4.1.1 N15+ANLADILURA

1nA" Typical Engine Layout Diagram QwdlA1 Limits 2 A1 A9 A1 Constant Mean
Effective Pressure (MEP) ¥a9tdu Li-Ls Wag Ly-Lg wagiidn 2 Aanuiiisouindesnaiivesidy
L,-L, wag Ls-Lg Lﬁl@f\!@ L, A® ﬁ;mﬁm%aqauﬁﬁwmulﬁasj’]wimﬁmgaqm mulaldunsmanunse
Fone1 MCR isiumiis M veuedessudldensdass uay milmnzauiign O Faduqai
WnzaudmTuSaLaEN TN %’aﬁmsizi’ﬂﬁ@?wLmﬂaﬁﬁwqmaqmiﬁuﬁwﬁuL%@Lwﬁaﬁm%’uﬁ
fumanzangn O Masuszanal 80% vesdaniesus :ndniu anunsnaniduiilolden
fdweadnsuddmivszuuiuindeuld lner1ga M ves MCR msiiazegneluldunsouves
lpozunsu dregarsuen Arauiisovvesludnsiazdealasu niemisidenvuinves
ol Taansvhaureaeiessuiaasaregsming 10 89 15% 09 MCR lngqaiifugn
flddmiunisihauetwioilleseaniessudiignimunainiiveasevieangseise uazl
wuzliaTossudineuiign 100% 189 MCR  1Huszegiiaiuiug mszazyilvgade
UszAvBnmuealA3eseusad



- Step 21:

50

P Y a I o w al ¢ a A .
Welaseu rpm  MUUNZEAY LATAIAISIUDILASBIBUR Py NSoula Trial

Conditions wazA1MdIRnRIsaiiiadgedn dmsunisideniaeseudivemvualiungnansiely
#1315019 N5 MCR 03A3098UA
- AUYAIIVIUNTTUBNGY

- Anumadaiifeansings

- |Fongaiysnzanued pm WAzl 2NYeesATeEs
Uszunaaussauzluganisinau Ineuszanannuiisewazsaunisuyuvesludnslugiemis
yhaureASoss AR 85% Y8s MCR

- Step 22:

- Step 23:

- Step 24:

- Step 25:

- Step 26:

- Step 27:

- Step 28:

ANUINAN

P,

D,Service

ZPB'T]S

& ] | aAa £ a A 2 °
EenA1 Wr IWNWWNNaﬂ58WUV}Lﬂ@6{JU'§]WﬂN'JLiE], AU, al 18 I@Uﬂqujm"ﬂqﬂ

W.

T, Trial

=1.1-W,

T,Service

a av v & v
FgUURNAT t LLAE MR mqﬂmlﬂﬂigmquU@Q@u

UTBUIAT M e MO (M ,=0.7)

e ( Assumed

AR Pg b9a1n
P

E,Service = PD,Service : nD,Service

¥

21UANTIMAIAINUAUET Vs service NAMNAUL PE service 1

AIUNAT Va 1930

V, = ':VS,Service '(I'WT,Service )]

- Step 29: ATUIIAIAINTINVBY N UazA1uItA1 Bp- 8 311015 Plots N5 w89 Bp- 8

INFUNTT
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| —

.p2
B, 1iss| NB
>
LAY
.D
5, =3.2808.| 2 Da
A

C 4w w o P
- Step 30: 81UA1 No INNTINTYAAATEY Bp - Sp Finfiu D—B
B
- Step 31: MWIUAT Mp LHAN
n Mo =| —— | e
D, calculated H'IR'IO l—WT,SeWice RO

- Step 32 : AIANUUANAINTENIN N Caleulated NU TD.Assumed AILIULATIN

€= ‘ nD,Calculated - T]D,Assumed ‘
AosmuIgn lag

1A €> Erhreshold WINSULUYINT Step 25 Tnyl wag auifAA M, Calculated = D, Assumed

-01P11 € < Edhreshold> ND,Caleulated WANUIGB LY
- Step 33: ATUIUAD
P

E,Service = PD,Service : T]D,Service (Latest)

- Step 34: 910319 AIUFI-AIET (Vs & Pp) A1U09 Vs service HINN58MUTYA PE service
wazdiAe “Anusildau”

- Step 35: 1 Bp 4ae 8 911l091NN5191M9AFAIN Step 34 A7 Ns service ANUINLAIIMN

NS,Service = SB—\/A
3.2808-D,
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TagTunisuminuiialudng (BAR) uaznisaiuaulnsdainie (Cavitation  Control) tudu
nszuaunsneldeulalunismeasa (Trail Conditions) dwwali3afiauniigsananutoululy
NINARBY

- Step 36: A1 Cavitation Number (op) Auanlaanteulalunisnaass

- Step 37: 31NN7Ya4 Burril’s kagns1u Cavitation Melatindinuuvesrdulssdns (1)

agl@An Cavitation Number (og)

- Step 38: AUIUAY
- Projected Area (Ap)
- Developed Area (Ap)

- Blade Area Ratio (BAR)

TumsAuanen d1en Blade Area Ratio (BAR) l#fifoendn Blade Area Ratio (BAR) 7
Fenld fonseenuuuiiaeanusal uidnen Blade Area Ratio (BAR) l#unnnin Blade Area
Ratio (BAR) flidenli 1sidenAn Blade Area Ratio (BAR) lusiflmnnninidy wazviing
AWInMAT Blade Area Ratio (BAR) Inailudnuwaugnisiugy (Loop)

4.2 faudsn1seenuuu (Data parameters of Design)

4.2.1 annaaunurUnludns Propeller Type B3-30-50

r/R 0.20 | 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 0.95 1
813910 C - T.E. 28.13 | 30.70 | 33.17 | 35.34 | 37.29 | 39.00 | 40.04 | 39.20 | 36.78 | 22.51
8173910 C - L.E. 39.14 | 42.70 | 44.99 | 45.78 | 44.84 | 41.93 | 35.88 | 25.75 | 17.05 | 0.00
81’]17?@‘1/1&@ 67.27 | 73.40 | 78.16 | 81.12 | 82.13 | 80.93 | 75.92 | 64.95 | 53.83 | 0.00

T’Max %1927n99 U1 2558 | 28.90 | 31.47 | 3355 | 37.36 | 41.64 | 41.32 | 34.75 | 26.15 | 0.00

avamuvesdnludngd 1.07 | 0.85 | 0.82 | 0.70 | 0.57 | 045 | 0.32 | 0.20 | 0.07 | 0.00

Sridisingg

dagaiwizvasluing Type B3-30-50

Diameter 240 mm.
Pitch 226 mm.
Rake Angle 30°
BAR. 0.50




Uayadnn1zvasludng Type B3-30-50
No. of Blade 3Tu
AALSISBDDNUUY 10 Knots
Aienensvyuvesiy VYUY
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[

anunUIvesUnludng Type B3-30-50

Back of Blade (@uwasin)

Trailing Edge , Leading Edge

r/R 100% | 80% | 60% | 40% | 20% T Max 20% | 40% | 60% | 80% | 90% | 95% | 100%
0.95 0.34 0.54 0.65 0.72 0.74 0.72 0.64 0.54 0.34 0.23 0.18
0.90 0.85 1.31 1.63 1.81 1.87 1.81 1.63 1.31 0.85 0.58 0.43
0.80 1.24 2.04 2.56 2.90 3.00 291 2.65 2.06 1.46 1.05 0.78
0.70 1.64 2.77 3.50 3.99 4.12 4.03 3.66 3.09 2.36 1.83 1.46
0.60 2.12 3.53 4.49 5.08 5.25 5.15 4.79 4.17 3.35 2.75 2.29
0.50 2.78 4.37 5.50 6.19 6.38 6.26 5.90 5.25 4.33 3.63 3.11
0.40 3.59 5.28 6.50 7.28 7.51 7.37 7.00 6.33 5.29 4.52 3.93
0.30 4.41 6.19 7.50 8.36 8.64 8.50 8.12 7.41 6.27 5.42 4.75
0.20 5.22 7.10 8.49 9.27 9.76 9.63 9.23 8.50 7.27 6.29 5.57

Face of Blade (#uwii1dn)

r/R 100% | 80% 60% | 40% 20% | T’Max | 20% 40% 60% | 80% 90% 95% | 100%
0.80 2.97 0.21
0.70 4.09 0.02 0.09 0.65
0.60 0.26 5.22 0.03 0.22 0.43 1.27
0.50 0.61 0.10 6.35 0.03 0.26 0.53 0.84 1.92
0.40 1.33 0.45 0.10 7.48 0.02 0.19 0.57 0.93 1.33 2.57
0.30 2.17 1.04 0.49 0.14 8.61 0.10 0.39 0.92 1.42 1.90 3.23
0.20 291 1.76 1.05 0.52 0.14 9.73 0.03 0.21 0.56 1.30 1.97 2.54 3.89
4.2.2 annnaaunurUnludns Propeller Type B3-30-35

r/R 0.20 | 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 0.95 1
g1391n C - T.E. 28.45 | 32.00 | 35.50 | 38.97 | 42.21 | 44.69 | 45.80 | 43.35 | 38.63 | 16.20
819910 C_ - L.E. 42.87 | 47.48 | 50.73 | 52.17 | 51.54 | 48.35 | 41.61 | 28.90 | 17.82 | 0.00
1N 7132 | 79.48 | 86.23 | 91.14 | 93.75 | 93.04 | 87.41 | 72.25 | 56.45 | 0.00
T’Max ¥11431n8UHN 25.21 | 28.07 | 30.43 | 32.58 | 36.52 | 40.91 | 41.39 | 35.62 | 27.72 | 0.00
m’mmwaﬂﬂ%é’ﬂiﬁ 097 | 0.86 | 0.75 | 0.64 | 0.52 | 041 | 0.30 | 0.18 | 0.07 | 0.00
Sridisingg




Yayadnnizvasludng Type B3-30-35
Diameter 240 mm.
Pitch 222 mm.
Rake Angle 30°
BAR. 0.35
No. of Blade 3Ty
ANUISSRONLUY 10 Knots
ﬁﬂmﬂmsmgwﬂaﬂu MUV
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NNAAMUKUIYRUNTUINS Type B3-30-35

Back of Blade (@uwasn)

Trailing Edge , Leading Edge

/R 100% | 80% | 60% | 40% | 20% T Max 20% | 40% | 60% | 80% | 90% | 95% | 100%
0.95 0.34 0.54 0.65 0.72 0.74 0.72 0.66 0.54 0.34 0.23 0.18

0.90 0.85 1.31 1.63 1.81 1.87 1.81 1.63 1.31 0.85 0.58 0.43

0.80 1.24 2.04 2.56 2.90 3.00 291 2.65 2.06 1.46 1.05 0.78

0.70 1.64 277 3.50 3.99 4.12 4.03 3.66 3.09 2.36 1.83 1.46

0.60 212 3.53 4.49 5.08 5.25 5.15 4.79 4.17 3.35 2.75 2.29

0.50 2.78 4.37 550 6.19 6.38 6.26 5.90 5.25 4.33 3.63 3.11

0.40 3.59 5.28 6.50 7.28 7.51 7.37 7.00 6.33 5.29 4.52 3.93

0.30 441 6.19 7.50 8.36 8.64 8.50 8.12 7.41 6.27 5.42 4.75

0.20 5.22 7.10 8.49 9.27 9.76 9.63 9.23 8.50 7.27 6.29 557

Face of Blade (fuwntinUn)
r/R 100% | 80% | 60% | 40% | 20% | T'Max | 20% | 40% | 60% | 80% | 90% | 95% | 100%
0.80 297 0.21
0.70 4.09 0.02 0.09 0.65
0.60 0.26 5.22 0.03 0.22 0.43 1.27
0.50 0.61 0.10 6.35 0.03 0.26 0.53 0.84 1.92
0.40 1.33 0.45 0.10 7.48 0.02 0.19 0.57 0.93 1.33 257
0.30 217 1.04 0.49 0.14 8.61 0.10 0.39 0.92 1.42 1.90 3.23
0.20 291 1.76 1.05 0.52 0.14 9.73 0.03 0.21 0.56 1.30 1.97 254 3.89
4.2.3 anaaunu1Unludns Propeller Type B3-20-50
r/R 0.20 | 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 0.95 1

813970 C - T.E. 28.45 | 32.00 | 35.50 | 38.97 | 42.21 | 44.69 | 45.80 | 43.35 | 38.63 | 16.20
813970 C - L.E. 42.87 | 47.48 | 50.73 | 52.17 | 51.54 | 48.35 | 41.61 | 28.90 | 17.82 | 0.00
EJTJVIEWJJG] 71.32 | 79.48 | 86.23 | 91.14 | 93.75 | 93.04 | 87.41 | 72.25 | 56.45 | 0.00
T’ Max #1931n98uUin 2521 | 28.07 | 30.43 | 32.58 | 36.52 | 40.91 | 41.39 | 35.62 | 27.72 | 0.00
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r/R 0.20 | 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 0.95 1
mwwuwaﬂﬂ%'ﬁﬂsﬁ 0.97 0.86 0.75 0.64 0.52 0.41 0.30 0.18 0.07 0.00
Sridlsingg

dayadiwizvasludng Type B3-20-50

Diameter 240 mm.

Pitch 226 mm.

Rake Angle 20°

BAR. 0.50

No. of Blade 3Ty

ﬂ’J’]lJL%’JL%E]E]E]ﬂLLUU 10 Knots

ﬁﬁvmmimgusuaﬂu MU

ANAAMNKUIYa9UNTUINS Type B3-20-50

Back of Blade (fnuwnasin)
Trailing Edge Leading Edge
T’Max
/R | 100% | 80% | 60% | 40% | 20% 20% | 40% | 60% | 80% | 90% | 95% | 100%
0.95 034 | 054 | 065 | 072 | 074 | 072 | 066 | 054 | 034 | 023 | 0.18
0.90 085 | 131 | 163 | 181 | 187 | 181 | 163 | 131 | 085 | 058 | 043
0.80 124 | 204 | 256 | 290 | 300 | 291 | 265 | 206 | 146 | 1.05 | 0.78
0.70 164 | 277 | 350 | 399 | 412 | 403 | 366 | 309 | 236 | 1.83 | 146
0.60 212 | 353 | 449 | 508 | 525 | 515 | 479 | 417 | 335 | 275 | 229
0.50 278 | 437 | 550 | 619 | 638 | 626 | 590 | 525 | 433 | 363 | 3.11
0.40 359 | 528 | 650 | 728 | 751 | 737 | 700 | 633 | 529 | 452 | 393
0.30 441 | 619 | 750 | 836 | 864 | 850 | 812 | 741 | 627 | 542 | 475
0.20 522 | 710 | 849 | 927 | 976 | 963 | 923 | 850 | 727 | 629 | 557
Face of Blade (#ruwiin)

/R | 100% | 80% | 60% | 40% | 20% | T'Max | 20% | 40% | 60% | 80% | 90% | 95% | 100%
0.80 297 0.21
0.70 4.09 002 | 009 | 065
0.60 | 026 522 003 | 022 | 043 | 127
0.50 | 061 | 0.10 6.35 003 | 026 | 053 | 084 | 1.92
040 | 133 | 045 | 0.10 7.48 002 | 019 | 057 | 093 | 133 | 257
030 | 217 | 104 | 049 | 0.14 8.61 010 | 039 | 092 | 142 | 190 | 3.23
020 | 291 | 176 | 105 | 052 | 014 | 973 | 003 | 021 | 056 | 130 | 1.97 | 254 | 3.89

4.2.4 arnnaauu1Unluing Propeller Type B3-20-35
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r/R 0.20 | 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 0.95 1
g1391n C - T.E. 27.82 | 30.30 | 32.75 | 35.18 | 37.45 | 39.28 | 39.96 | 38.24 | 34.94 | 19.24
813910 C - L.E. 38.61 | 41.83 | 44.11 | 45.12 | 44.68 | 42.44 | 37.73 | 28.83 | 21.07 | 0.00
EJ’]’JV?\‘IM%JW 66.43 | 72.13 | 76.86 | 80.30 | 82.13 | 81.72 | 77.69 | 67.07 | 56.01 | 0.00
T’Max ANINVBUUN 25.58 | 28.90 | 31.47 | 3355 | 37.36 | 41.64 | 41.32 | 34.75 | 26.15 | 0.00
ﬂ’J’llJVmWEUENTJﬂELU‘:]Jﬂiﬁ 1.07 | 0.85 | 0.82 | 0.70 | 0.57 | 045 | 0.32 | 0.20 | 0.07 | 0.00
Srdinnge
Yayadnnizvasludng Type B3-20-35

Diameter 240 mm.

Pitch 222 mm.

Rake Angle 20°

BAR. 0.35

No. of Blade 3Tu

ﬂ'J']ZLIL%'JL‘%@@@ﬂLLUU 10 Knots

Aenensnyuvesiy MUV

NNAAMUKUIYRUNTUINS Type B3-20-35

Back of Blade (f1uwasun)
Trailing Edge Leading Edge
/R | 100% | 80% | 60% | 40% | 20% | | M [ 2006 | 40% | 60% | 80% | 90% | 95% | 100%
0.95 034 | 054 | 065 | 072 | 074 | 072 | 066 | 054 | 034 | 023 | 0.18
0.90 085 | 131 | 163 | 181 | 1.87 | 1.81 | 1.63 | 1.31 | 085 | 058 | 043
0.80 124 | 204 | 256 | 290 | 300 | 291 | 265 | 206 | 1.46 | 1.05 | 0.78
0.70 164 | 277 | 350 | 399 | 412 | 403 | 366 | 309 | 236 | 1.83 | 1.46
0.60 212 | 353 | 449 | 508 | 525 | 515 | 479 | 417 | 335 | 275 | 229
0.50 278 | 437 | 550 | 619 | 638 | 626 | 590 | 525 | 433 | 363 | 3.11
0.40 359 | 528 | 650 | 7.28 | 751 | 737 | 700 | 633 | 529 | 452 | 393
0.30 a41 | 619 | 750 | 836 | 864 | 850 | 812 | 7.41 | 627 | 542 | 475
0.20 522 | 710 | 849 | 927 | 976 | 9.63 | 923 | 850 | 727 | 629 | 557
Face of Blade (#ruwiin)

/R | 100% | 80% | 60% | 40% | 20% | T'Max | 20% | 40% | 60% | 80% | 90% | 95% | 100%
0.80 2.97 0.21
0.70 4.09 002 | 009 | 065
0.60 | 026 5.22 003 | 022 | 043 | 127
050 | 061 | 0.10 6.35 003 | 026 | 053 | 084 | 192
040 | 133 | 045 | 0.10 7.48 002 | 019 | 057 | 093 | 133 | 257
030 | 217 | 1.04 | 049 | 0.14 8.61 010 | 039 | 092 | 1.42 | 1.90 | 323
020 | 291 | 176 | 1.05 | 052 | 014 | 973 | 003 | 021 | 056 | 1.30 | 1.97 | 254 | 3.89




4.3 WNURINITVINIUYRsIUsHATUNTSERALUU (Flow Chart of Data Main Program for
Design)

Start Main

Data Design.
Dia., Fitch, BAR, 7, Width,
Ship speed, Wake, ete,

Program 1

Sub-Program 1
Evaluate

J,Kt, Kq, Bff

NO
Max. Eff.

yes

Blade thickness T'max Sub-Program 2

Cavitation Sub-Program 3

End - Main

JUN 4.2 uans wiula Main Design Program
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Program - 1

Kt = Thrust Coeff,

Nonuniform flow behind a hull

\ 4

Kq = Torque Coeft,

Nonuniform flow behind a hull

v

J = Advance Efficiency Number

DHP = Delivered Horse Power

EAR = Expanded Area Ratio

Kt/J*2 = Thrust Loading Coeff.

Kqg/J*3 = Torque Loading Coeff.

T = Efficiency Propeller

Plot Curve

End

5UN 4.3 uanaunuils Design Program - 1
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3
U

U

=1
7

Sub-Program 1

Open Water Eff.

Prop. Eff.

Propeller Torque (KN*m)

Brake Torque (KN*m)

4

Propeller Thrust (KN)

Required Thrust (KN)

Delivered Power (KW)

RPM Optimize

Diameter of shafts (mm.)

End -1

4.4 LAAILHUNS Design Program - Sub Program 1

59



Sub-Program 2
v

Blade Thickness of Face and Back

v

Camber Line

.

Hub Dia.

v
End -2

g‘dﬁ 4.5 Lanatiuly Design Program — Sub Program 2

Sub-Program 3

-

Point section C; — L.E.

v

Pomnt section C; — T.E.

:

Pitch (P/D)

Optimize Cavity

L

End-3

;J‘lJ‘ﬁ 4.6 LAAILHUNS Design Program — Sub Program 3
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4.4 n31lAN15eRNUUY wazdinnauusniseanuuuludnsg

4.4.1 Tudnsuuu B3-20-50 (Propeller Model Type B3-20-50)

A9197 4.1 Adinseanuwuuludng Model B3-20-50

Model Name Model B3-20-50

Diameter, (m) 0.24
Number of blades 3
Effective Rake 20°
Expanded area (Ae/Ao) 50
(P/D)mean 0.866
Hub-diameter, (mm.) 40
Ship speed, (Knot) 10
Full-scale propeller, (rom) 1200
Propeller rotational speed Test, (rpm) 850
Advance Number 0.713
Thrust coefficient 0.175
Open W. eff. 0.69
Cavitation number, G, g 0.7r 1.3501

Kt
+-10*Kq

0.648
0.678
0.701

o
w
o

CODOD O OO OOOOCO—
o L LA O O -] -] G0 G0 ND D O
O OO LOLLOLLOLO

0_00 L | I T I SR BT | | |- | I I |

0.713

0,708
0.673

§e'0

10

-
g
Advance Number

.
c 2
553

o010
0z'0
20
0e0
§E°0

o0
0L
(YA

£8°0
060 +
€60
00

5Ufl 4.7 n9wiuansqn Match Point dwfuniseenuuuludng Model B3-20-50
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g‘ﬂﬁ 4.8 ugn3 Propeller Blade Model Scale Type B3-20-50

NANTeT 4.1 andiniseenuuuludng Wunsimuadiudsndnluniseeniuy model blade
derulusunsumsmiuing éﬁ’ﬂgﬂﬁ (4.7) \ilel9iléign match point design Tngsinisusuen
\iovnAUsEAnSam (Efficiency curve : 1)) Viﬁﬁqm i@5audaiona1 match point uigIdBazlal
\done1 Base Optimize #i Advance Number 0.713 iasannidlevnisesnwuu Tudnsenaasd
Ton1aiAn Shave Curve iAnduld Suiflownaindauusdug Aliauisamugu Wy Adufia
raulii vioussdunseuaaninszvhiudide Wudu Wewdedunssuiunisdiuafiarlden
match point layer Tulsaznindaludng L'%'m&’jm,wi@uiuﬁﬂi (Hub) §is UaneTn (Tip Blade) \ila
rinunszuaINMIoenuULLariugUly fagld Model blade dauandlugud (4.8) Model Type B3-
20-50

4.4.2 Tudnsuuu B3-20-35 (Model Type B3-20-35)

A15197 4.2 AdRnsesnuuuludng Model B3-20-35

Model Name Model-B3-20-35

Diameter, (m) 0.24
Number of blades 3
Effective Rake 20°
Expanded area (Ae/Ao) 0.35
(P/D)mean 0.941
Hub-diameter, (mm.) 40
Ship speed, (Knot) 10
Full-scale propeller, (rpm) 1200
Propeller rotational speed Test, (rpm) 850
Advance Number 0.7317
Thrust coefficient 0.0977
Open W. eff. 0.731
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Cavitation number, O, g 0.7x 1.5663

0.6684
0.6971
0.7190
0.7317
0.7312
0.7102

—
=
o
=
=

LOOOO0O0000000000000H
oorRphbwkERLinod KOO
SNONOUNOUNONONONONOUHOUND

L L
e R et e B S I L T e e B Il e« B o B o N o S e |
n O b O n O e O n O e O bn O h O L O L O

Advance Number

gﬂﬁ 4.9 n51MUanIA Match Point dwsunisesnuuuludng Model B3-20-35

g‘d‘ﬁ 4.10 w&ne Propeller Blade Model Scale Type B3-20-35

Ne5197 4.2 Adfniseenuuuludng WWunistmuednUsmadnluniseenuuu model blade
derulusunsunseang é’fﬂi‘dﬁ (4.9) Lﬁaslﬁléfam match point design lagvinnisusuen
\emeUsyansnm (Efﬂoency curve : M) mmnam LaimLmLaaﬂm match point Lmeamuim
\donen Base Optimize 7 Advance Number 0.7317 iilesninilevhniseenuuy Iuaﬂim%um
Tonaiiin shave curve Antuld swilewnanduusaun liianunsaniuay wu AAURIT
raulii vide ussihunszuaaviinszyhiusde Wudy Wowddunszuiunmsiu afteylden
match point layer Tuusaznunsnludng L%'u&’jﬂt,wi@ﬂu%’m (hub) s Uane¥n (tip blade) il
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runszUInMsoonuUULazdugUly Aazld Model blade fauansluguil (4.10) Model Type

B3-20-35

4.4.3 Tuansuuu B3-30-50 (Model Type B3-30-50)

A919R 4.3 Adinseenuwuuludng Model B3-30-50

U

=
7

Model Name Model-B (3-30-50)

Diameter, (m) 0.24
Number of blades 3
Effective Rake 30°
Expanded area (Ae/Ao) 0.50
(P/D)rmean 0.866
Hub-diameter, (mm.) 40
Ship speed, (Knot) 10
Full-scale propeller, (rom) 1200
Propeller rotational speed Test, (rpm) 850
Advance Number 0.6979
Thrust coefficient 0.1438
Open W. eff. 0.695
Cavitation number, G, g 0.7r 1.6863

1)

==Kt

0.6396

=
&
=
“
=

CooCOO00ooCOoo oo oo
ok ERinno bk xioloo
SO UNS MO ho e hShehShohd

0.6704

B 0.6915

0.6979
0.6804

0.6186

(SN
9

<
£ wn
n

0ro
Sro
0T'0
sC0
0€0
ce0
0r'0

Advance Number

4.11 n31UaA9YA Match Point dwsuniseenuuuludng Model B3-30-50

€90

0L0

SL'0

080
80
0670

$6°0) w00
00" T K6 0.0000
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;s‘lJﬁ 4.12 udn3 Propeller Blade Model Scale Type B3-30-50

Ne5197 4.3 Afdfniseenuwuuludng WWunsimusduUsmadnluniseenuuu model blade
Slorulusunsumadiuandn fguil (a.11) ielléqn match point design Tngviin1sususn
\ievnAUsEanSam (Efficiency curve :1) ﬁﬁﬁqm w@Saudndonan match point wig3deazly
\donA1 Base Optimize 7 Advance Number 0.6979 iilpsannileviinisesnwuu Tudnsenvasd
TonaiAn shave curve LAnduld Suidlesinandauysdug dldannsonvey wu edufia
raulii vi3e ussiunszudaviinszyhiuside Wudy Wowddunszuiunsimuinfiarliem
match point layer Tuusagnindaluing L‘%@Jﬁguwiqﬂué’ﬂi (hub) &3 UaneTn (tip blade) ile
riunsruINMseenuuuuasdusUly Aagld Model blade Muanslusuil (4.12) Model Type
B3-30-50

4.4.4 Tudnsuuu B3-30-35 (Model Type B3-30-35)

A151497 4.4 AdRniseenuuuluing Model B3-30-35

Model Name Model-B (3-30-35)

Diameter, (m) 0.24
Number of blades 3
Effective Rake 30°
Expanded area (Ae/Ao) 0.35
(P/D)mean 0.941
Hub-diameter, (mm.) 40
Ship speed, (Knot) 10
Full-scale propeller, (rpm) 1200
Propeller rotational speed Test, (rpm) 850
Advance Number 0.7170
Thrust coefficient 0.0853
Open W. eff. 0.714
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Cavitation number, O, g 0.7x 1.7626

5

0.7081
0.7170
0.7085

==Kt

05222
0.6581
0.6874
06712
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Advance Number

gﬂﬁ 4.13 n5Muansgn Match Point dwsuniseenuuuludng Model B3-30-35

g‘dﬁ 4.14 @3 Propeller Blade Model Scale Type B3-30-35

91915797 4.4 andiiniseenwuuludng Wumssmuesuusndnlunisesnuuy model blade
derulusunsunseang é’fﬂi‘dﬁ (4.13) Lﬁ@lﬁléfﬁm match point design lagyinn1susumn
\emeUsyansnm (Efﬂoency curve : ) mwm LaimLa’sLaaﬂm match point Lmeamvim
o Base Optimize 7 Advance Number 0.7170 iilasninifleviiniseenuuy Iuamm%ﬁ]“m
Tonatin shave curve LAnTuld Suileswnansuusdug wlummmmuau Wy AAURIN
Aauldn v ussiunssuaaufinsyyinfuside Wudu WeeSadunszuiunsiuaiaylde
match point layer Tunsaznidaludng L%NQZQLLGi@ﬂU{]Jﬂi (hub) ¢ Uare¥n (tip blade) il
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£

runszUInMsoonuuUUlazdugUly Aezld Model blade dauansluguil (4.14) Model Type
B3-30-35

4.4.5 msnagauluganaaasuulle

(a) ¥anmaoy Open Water Tunnel WUy Flow Visualization

(b) Draft Drawing of Water Tunnel



(C) Elevation of water Tunnel Flow Visualization

(d) Side View of Sight-Glass

l (%

5UN 4.15 U (a) 89 (d) wanyanaaeglusAuibuuiauy
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5UN 4.16 uanansinnsyaduindeuludng wuuisens

JUN 4.17 uans fuvidanisideswinveddudng wuuisen

69

91n3U7 (4.15) Open water tunnel tJun1snaaeuluwuuinainss Fadidelafnuly

WUl UBINITNWNANLUTNTRUUL 9 A9UUTILATINNITARUAILIUNAFDULALRA
Tyl slauanslugui (4.16) uay JUN (4.17)

(%

AYANAFDY



JUN 4.18 uans M3lvavenseuauNseaumgg neuvinisnaaeu

3UN 4.19 uans yanaaeamALsmaniivesluinmenmdeayse
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JUN 4.20 wans ganszuenlansedin sesiunisindeusiveanalluing

JUN 4.21 wang M3Rndeyn Sensor TAAIANSINTZUAL UUYA Water Tunnel

4.5 n1INAaIN1AEUIU

Welvinanisnaaovaussaugluinsse dmsuiseussuainnulunesujisinis Open
water tunnel WunUszandda Tudadninerdnduinensnsnialszad wazidunesusuly
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Boswlumeisns dmsunmsmasssuiudeuluinsuuuiuaneds 2 In snduluinsuuy
Taindin 3 Un AseTaldoonuuunsveaounaauin  isnfunmavageulugluedii e
fdndvinavesiutsingg wu Fouleiifatusswivludnstulassadenifiglusdi douly
vosnunirgegailudnsannsodiild Foulvvesnsusendaisudomas udu nedideas
Fonludng wuv 3 Jn Model Type B3-20-50 wwadusugudnandludng 9 @1 sy
(fesmsmithiludnsilvraussauzgeanlunuuiiasy Imw‘hmimaa‘uLﬁauﬁ’ﬂu%’ﬂiﬁ"ﬂijm%
Iuﬂwuusuamaﬂsymmmu vaduruguinandluing 9 i, 10 i, 11 @, 12§, 15 i, 16
i uag 17 i1 s2ud1uu 7 99 LLaummiLLaummaaulﬂWiQMﬂummmmLma'mu \PSeseudin
eau Befluwaidmileutu anuerumailuinsminfy dumisnnsnaedeseudivioudy
Tnevhmsuauanngadudu wasdidutendousudefegaduan (mumsuieaiu) uenanids
yhmsaduludnsszrinadens 2 1 uasvhmavaaeut WlessageuaunanAAsutoaiin
Farnintinussyn 8nde fuandluzuil (4.23), (4.24), (4.25), (4.26) uaz3Uil (4.27) wiew
Juiinua
4.5.1 Fsnrmagavluninauiy

1. {33pazldiToussus 31w 2 m Immiamw 1 mmsum‘[,mmmwiw (B3-20-50)
Fodnii 2 mmﬂmﬂsmsﬂuﬂﬂwu (9u1m 9§, 10 9, 11 92, 12 T, 15 1, 16 17 uaz 17 i
531 7 99) wauneaeuluszeenglu-nau 531 1,200 103 TuitnAnisuildlunsveaeurou -
uazndmaaay uazdiiumsaduysludng Tasth Tufnsainided il 1 (83-20-50) infindaluide
817 2 uaziiludnsnnGeddt 2 o 7 %) wnfadsludil 1 waginsuauiie neaouth niey
Juyinua

2. FuMINPaBITT LUUTuneud 1 Tnefnsdludng (83-20-50) luiSod it 1 way
fudunsidsuyamailuingain wun 9 i) 1 (vunm 10 52) Tudednd 2 uasvhnisudu
nageut wientuiinua

3. FduNINPaBT LUUTuReud 1 Tnefnsdludng (B3-20-50) luSod it 1 way
fufunmsdsuyamailuingan (wuwn 10 i) 1By (awa 11 12 Tudedil 2 wagvhnisudu
nageuth wientuiinua

4. FdunINeanetn LuuTuneud 1 Tnefnsdludng (83-20-50) luSod it 1 way
fuunmsdsuyamailudngan wun 11 i) 1By (awa 12 12) TuFed il 2 wagvinisudu
nageuth wientuiinua

5. fudunsvaassn wuutuneud 1 Tnodnddudng (83-20-50) luSod it 1 way
fufunmsidsugamailuingan un 12 i) 1By (awa 15 12) TuFed il 2 wagvinisudu
naaeut wientuiinua

6. ANAUNTNPABITT LUUTUnoudt 1 Tnefnddludng (B3-20-50) luidodd 1 uas
fufunmsdsuyamailudngan un 15 i) By (wa 16 12) TuFed il 2 wagvinisudu
nageut wientuiinua
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7. Aiun1sneaesdn wuuduneun 1 lngfnadluing (B3-20-50) luised i 1 uag
andunmsasugamarludngain (e 16 92) W (wuia 17 92) luSed i 2 uagyinsuau

NAFDUTN NIoUTUINNE

4.5.2 1AT098UAITe Lasdayantunaila

JUN 4.22 wans weseseudiionnadou vlauudu 4 Jumz gousn 13 wiel BnG390

(1‘7im: https://www.hondashop.com.au/product/)

A131991 4.5 UaRITeYaMANATALAZAMENYALIANILYBUATILUMLTD

Hoyawaiia 1W3asoudluudu saud 13 usuih 318nd-390
(HONDA GX390 Gasoline Engine Specification)

U

< s

WUULATBIUA
ANUNTNNTFUBNGUXY TN
Ysumsnsguengu

o w ¥

QRN RERGE
Mdwsihaeio
PRINFIULTION
wsalngegn
nsauUdenishudomas
FOULAULUN

eRIGAGL

GX390T2 QHT1

WAL 4393 guides, OHV seutgAusaumueInie
88 x 64 wil.

389 &%

13 U593 /4000 s0U-u¥

11.8 w5931 /3600 59U-U17 (8.7 kw/3600 rpm.)
82:1

26.5875U-11A5/250059UsBU (2.7 kg-m./2500 rpm)
N/A

N/A

N/A
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Jouawmaiia 1A39UUMULTY gaudn 13 used Si8nd-390
(HONDA GX390 Gasoline Engine Specification)

Y

SEUUERSY
SyUUATELUn
SrUUVEAY
iinvisfundedu
ArqESundoAY
arwgdathifudeumnas
difudonas
YPUNAATOILIUS (PxEXE)
5mﬂfmjm%6uaqt,ﬂ'§aqauﬁ

yondonsaminiuuaUiedindy
fina Thle

WUUINAN

SAE 10W-30, 10W-40

1.1 83

6.1 a97

dsfuuuduldansazia £10
460 x 380 x 448 4.

31.7 An.

4.5.3 Qmé’nwmzﬁamaaumﬂﬁmu HASNIIUIINN

Y

ARSI N9 x 87179 x an: (78 x 364 x 25 @.41.)

Y
- SyurAuNIanmee: (N/A)

- ANWULYIDNSD: VIDUY

Y A Qy
- ANWAZMIALIR: AIUYIILNAININ 120 U7

JUN 4.23 uans dnuaizisenaawul 91U 2 a1 Mviinsnaaeuludng



JUT 4.24 uans MaAndduIInmenaing

5UN 4.25 uans mavaeuyaludnsuazinanluing
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4.26 Uan9 FOENNITHAUTIINYAENAY NIeuFifeaiu (ly)

3
L]

U

=
7

4.27 @A AI9819NSHAUS B E LT AiAnuSRedTu (U1nau)
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unil 5

AN9ILASIZINANISIAABILAL CFD

5.1 wan1maaasludmanay
5.1.1 AAuEian1siva asdn - snan Tuviae (m/s)

Arrnasiseuan Wuaildannisinseuresuewesinil daandlugui (4.16)
Fausumnugaseusae Inverter

L | AnaFsaumen | AnaIansualn
Model Type | A278 NUYLYR
(rpm) (m/s)
30.2 430 0.192 g
B3-20-50 | 32.5 630 1.176
35.2 830 2.152 ANEaE0
30.2 430 0.202 Aenan
B3-20-35 | 32.5 630 1.106
35.2 830 1.989 ANEaER
30.2 430 0.22 g
B3-30-50 | 32.5 630 1.068
35.2 830 1.901 ARG
30.2 430 0.224 g
B3-30-35 | 325 630 1.042
35.2 830 1.871 ANEaE
18.7 430 0.221 g
LT Dia. 15” .
25.6 630 0.701 Agadn
18.7 430 0.289 g
LT Dia. 16” .
25.6 630 0.827 Agaan
18.7 430 0.343 g
LT Dia. 17" .
25.6 630 0.901 ANGER

nnan1snaaedtuioslfURNIT wuidn Propeller Model 3 4 WUU MAdDUTNIAIINSITOU
430 rpm, 630 rpm uag 830 rpm F9a1nnsSEUTBUNaAILEINSTRALNIaNsainlenn
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nsdl nudludng B3-20-50 Tmnuiianseuaunasan 9 630 uaz 830 sousiounit Ingludng ya
B3-20-50 Timdmanuluglusdnaaeuiinnnusvesnszual 0.192 m/s, 1.176 m/s uav

2.152 m/s inNu5250U 430, 630 way 830 rpm ALY

5.1.2 Apusaansiva aaan - snan lumie (Knots.)

AULSITOULNAN AUEANTELEL

Model Type

(rpm) (m/s) (Knots)

430 0.192 0.373
B3-20-50 630 1.176 2.286
830 2.152 4.183
430 0.202 0.393
B3-20-35 630 1.106 2.150
830 1.989 3.866
430 0.22 0.428
B3-30-50 630 1.068 2.076
830 1.901 3.695
430 0.224 0.435
B3-30-35 630 1.042 2.026
830 1.871 3.637
430 0.221 0.430

L.T Dia. 15”
630 0.701 1.363
430 0.289 0.562

L.T Dia. 16”
630 0.827 1.608
430 0.343 0.667

LT Dia. 17”
630 0.901 1.751

5.1.3 Han1svnaes manssaugludnsandu Wesidud (%)
naseeluiifunisiuIsudisvaussausludng seming Full Scale Model fu
Local Type Tngfiansananuavesnnnuifanssuatn ‘vﬂfua}ﬂﬁmmmmaﬂmuuwlﬁiumw;}ummi
Farilslummadunsdeusydilasensd fshegndunndnensi

nstdludng Dia. 15”7 mmmmmuuauﬂmgqqm 0.701 m/s Wiy 100 % Wag B3-

20-50 ﬁ’]ﬂ’J’liJL%’Jﬂi%LLﬁiEﬁlﬁg&ﬁ@ 1.176 m/s fissiu B3—20-50 = % =167.76%
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AItuINHANINAARRLladn Tudns ya B3-20-50 Tviaussauvasani 67.76 % Lile
Weuiuludnsmildluvieswmaiavuin 15 i

L4 Local Type
180158 UNYU
Dia. 15”7 Dia. 16~ Dia. 17”
B3-20-50 67.76 42.20 30.52
B3-20-35 57.77 33.74 22.75
B3-30-50 52.35 29.14 18.53
B3-30-35 48.64 26.00 15.65

5.1.4 an13nnaInn Thrust Propeller

AN .
B Thrust 10303, (kN)
Model Type | ANND | IDUVLINWAT
(rpm) (Exp.) (Theory)
32.5 630 0.058 0.043
B3-20-50
35.2 830 0.072 0.061
32.5 630 0.055 0.043
B3-20-35
352 830 0.065 0.061
32.5 630 0.041 0.043
B3-30-50
352 830 0.051 0.061
32.5 630 0.039 0.043
B3-30-35
352 830 0.049 0.061
L.T Dia. 15” 25.6 630 0.045 -
L.T Dia. 16” 25.6 630 0.049 -
L.T Dia. 17” 25.6 630 0.0625 -

5.2 wan1snaaadluvissufianis
5.2.1 M3nAABs Model Type B3-20-50 fiAdnui3asaumman 630 rpm
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5U# 5.1(a) wanaUsINN15ed Tip vortices cavity wuazn1siin Free Surface

JUT 5.1(b) wansUsingnisel nsmundveseseiniaiu Sheet vortex cavity

JUN 5.1(c) wansus1ngn1sal Cavitation wagn13iin Free Surface M1AINILTITBUNET 630 rpm

mﬂgﬂﬁ (5.1) LLamsLﬁLﬁuﬁqﬂswﬂgmﬁaiﬁﬁaﬁwLﬁﬂmiqugf’; Tusundsusalatetn (tip
blade) %QL§8ﬂU§WﬂgﬂﬂiﬁﬁdﬂﬂﬂiLﬁm Free Surface uagimILIFUNT «Ju Tip vortices cavity
quArISEufiinndy Seiangunsadu Sheet vortex cavity unn§Iseu 9 630 rpm
?jaﬂ’wmgﬂmmﬁu cavitation ﬁmamﬂu'gﬂﬁ 5.1(a), 5.1(b) wag 5.1(c) MUAIAU
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5.2.2 N159Aa83 Model Type B3-20-50 #ina1ut5258ULWan 830 rpm

5UN 5.2(a) uansusingnisal Tip vortices cavity kagn13iin Free Surface

JUT 5.2(b) wansUsingnsal nsfimufvesraseiniailu Sheet vortex cavity

g‘ﬂﬁ 5.2(c) LLamlJ'i’QO’iaj Cavitation wazn15LAn Free Surface?inanuiiaseuinan 830 rpm

N3UN (5.2) wandbiiudausingnisaiiaufnnisguds TusundsusnadaeUn (tip
2 o e & a 9 [ . . .
blade) #3t38nU3INHN15UUIINITNA Free Surface hagnauIunss wWu Tip vortices cavity
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UANUSIIUTNLINTY Feimungunsaiu Sheet vortex cavity auAM5I5EU 91 830 rpm
Jaiaugunsadu cavitation Aawansluguil 5.2(a), 5.2(b) waz 5.2(c) MuddU

5.2.3 NM13nMaa9 Model Type B3-20-35 finuidsaunan 630 rpm

5UN 5.3(a) uansusingnisal Tip vortices cavity kagn13iin Free Surface

JUT 5.3(b) wansUsngnsal nsfimufvesaseinialu Sheet vortex cavity

gﬂﬁ 5.3(c) LLamﬂﬁmgmsaj Cavitation wazn15LAn Free Surface iauidisoutnan 630 rpm
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93U (5.3) wandbiiudausingmsaiiaufanisyuds TudundsusnadaeUn (tip
blade) FuanUs1ngn1seiiiinnisiin Free Surface wazimuigunse W Tip vortices cavity
JuANUSISUTNLINTY Feimungunsuiu Sheet vortex cavity auAM5959U 91 630 rpm

Jefmnngunsadu cavitation fauandluzudl 5.3(), 5.3(b) wag 5.3() Auddy

5.2.4 MIMAABY Model Type B3-20-35 fina1ui395auswan 830 rpm

JUN 5.4(a) uansus1ngnisel Tip vortices cavity uagn1siiin Free Surface

JUN 5.4(b) wansusingn1sal nsiaudmlesernimiu Sheet vortex cavity

JUN 5.4(c) uansusingnisal Cavitation wagn1siin Free Surface M1ANuL5I58UMNET 830 rpm
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N30T (5.4) uandliifufausingnsaififnduaanisgus luswmisuTnuuaeUn (tip
blade) %GL%EJﬂﬂi’]ﬂQﬂ’ﬁﬂjﬁ’j’]ﬂﬁLﬁﬂ Free Surface wazmiun3unse u Tip vortices cavity
quAIEEAiNn Ty Fetamgunsaiiu Sheet vortex cavity auAan§aseu 9 830 rpm
Jefmnngunsadu cavitation fauandluzudl 5.4(), 5.4(b) uas 5.4(c) Auddy

5.2.5 MINAABY Model Type B3-30-35 fin21u5959UWaN 630 rpm

5UN 5.5(a) wansusingnisal Tip vortices cavity kagn13iin Free Surface

U 5.5(b) wansUsngn1sal nsiimufavleseniadu Sheet vortex cavity

gﬂﬁ 5.5(c) LLaﬂ\‘iﬂi’mgm’iaj Cavitation wagn1sLin Free Surface RIS I50UWAT 630 rpm
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n3UN (5.5) wandbiiudausingmsaiiaifanisyuds Tudumndsusnadaetn (tip
blade) FuanUs1ngn1seiiiinnisiin Free Surface wazimuigunse W Tip vortices cavity
UANUSISUTNLINTY Feimugunsulu Sheet vortex cavity auAM5959U 91 630 rpm

Jefanngunsadu cavitation fauandluzuil 5.5(), 5.5(b) wag 5.5(c) Audy

5.2.6 MINAABY Model Type B3-30-35 fina1u5959UwWa 830 rpm

U 5.6(a) uansUs1ngnisel Tip vortices cavity uagn1siiin Free Surface

JUN 5.6(b) wansusngn1sal nsiaudmlese1nimiu Sheet vortex cavity

JUN 5.6(c) waneusingnisal Cavitation kagn13iin Free Surface M1AINuL5I58UMNET 830 rpm
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N3UN (5.6) wandbiiudausngmsaiiaifanisyuds Tudundsusnadaetn (tip
blade) FuanUs1ngn1seiiiinnisiin Free Surface wazimuigunse W Tip vortices cavity
uANUSISUTNLINTY Feimungunsuiu Sheet vortex cavity auAM5959U 91 830 rpm

Jefmnngunsadu cavitation fauandluzui 5.6(), 5.6(b) uag 5.6(c) Ay

5.2.7 MINAaae Model Type B3-30-50 fina1ui5959UWan 630 rpm

U 5.7(a) uansus1ngnisel Tip vortices cavity uagn1siiin Free Surface

JUN 5.7(b) wansusingnsal nsiaudmlesernimiu Sheet vortex cavity

JUN 5.7(c) wansusingnisal Cavitation wagn1siin Free Surface M1AINML5I5BUMNET 630 rpm
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n3UN (5.7) wandbiiudausngmsafaifanisyuds TudumndsusnadaeUn (tip
blade) FuanUs1ngn1seiiiinnisiin Free Surface wazimuigunse W Tip vortices cavity
uANUSISUTNLINTY Feimungunsuiu Sheet vortex cavity auAM5959U 91 630 rpm

Jefmnngunsadu cavitation fauandluzudl 5.7(), 5.7(b) wag 5.7(c) Auddy

5.2.8 n13nnaad Model Type B3-30-50 ﬁmwm’%aiamwm 830 rpm

U 5.8(a) uansUs1ngnisal Tip vortices cavity uagn1siiin Free Surface

JUN 5.8(b) wansusingnisal nsiaudmlesernimiu Sheet vortex cavity

JUN 5.8(c) wansusingnisal Cavitation wagn13iin Free Surface M1AINuL5I58UMNET 830 rpm
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2n3U7 (5.8) uandliifufausingnsaifiindnanisgus lusuwmisunuuaeUn (tip
blade) %ﬂﬁﬂﬂﬂi’]ﬂgﬂ’ﬁaﬁ’i’lmiﬁﬂ Free Surface Wagimungunss \Ju Tip vortices cavity
quAIEEAiNn Ty Fetamgunsaiiu Sheet vortex cavity auAan§aseu 9 830 rpm
Jefmnngunsadu cavitation fauandluzuil 5.8(), 5.8(b) uag 5.8(c) ALy

5.3 Na3ATIEN CFD

1NNaNITINAeIenAlla CFD 81989310 A Tia LSy efindmang dunu3ng
Aoufilnef @aa. f1e XFlow  LileiFeulfisunadiléfunaainnimaaedduiesufoinng o
Mgrdenalulal LaranaIMNITUAITABLTE UATAIETIUIY Uazvevaunm AR gaaiy
o1nsfnumAnendemeluladsvusea manen Alaueyiasesildgud Hard Disk AnSYS
Tun1sdnaes Xflow

g‘d‘ﬁ 5.9 &ane The computational domain of Model Type B3-20-50
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(2) WARINANTINARINGANTIUNTSIAANSYURIVRRTUNTRATWT@INA Tag Xflow

R\

(b) LAAINANITNAGBINGANTTUNITAN NMTEUMTBIEIULUNTAAINTIBINA

Ul 5.10 (a),(b) uansnsiisuiiisuranisdiasdlaslusunsy Xflow funanismaaes
DangANTIUNITHAA misguéhsuaqﬂaﬁﬂuﬂfmﬁmimqmmﬁ 184 Model Type B3-20-50
AULSITOU 630 rpm. S38EAU 50 9.4, %amﬂgﬂLLamﬂﬁLﬁuﬁaam’szmiLﬁm Sheet Bubble iag
Cavitation Fuiiiumus tip blade aufis 0.7R UIaoUU (Leading Edge)
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UM 5.11 uansusingnisainisuandiveddnssernanvyuiuusnalaielu lussezay 50 v..
(wansnInnIsuyuauninty) Tnelusunsy Xflow vasludns su B3-20-50

5UN 5.12 uans Usingmisainisuandivedinssennieivyuiuusiniatslu lussesau 50 4.
(wananmnsuyuaunaslu) Iaglusunsu Xflow vesludng su B3-20-50

91n3U7 5.10 (b) Weludnsnyuieuiiiseu 630 rpm. iszezaudes 50 9.4, Fudunis
draesnshndsludnsasanldiuizasemnen wuitasinusingnisainisguiivesioundy
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quves (Swirl Spiral) lWaudsunalarednludng (Tip Blade) Fsusingnisaidisnannagiinig
gufIveanese1n1A (Collapse of Bubble) dswaliinnusuusnamuntiludnsuagiunasiu
Fnsflenuumnanafusndsdu (@inmsdang) vhl¥iAn Cavitation uag Sheet Bubble lun3ou
fu Fademndedannuanisinasdludng Model Type B3-20-50 Tnglusunss XFlow dsuanslugy
il (5.11) LLazgﬂﬁ (5.12)

5.4 psnAasINsauAssinduidiamas (MadaunAaLNL)
5.4.1 audnuazianzvedaUszuaiduiinagey
- RAITD N9 x 817 x 8n: (78 x 364 x 25 9.31.)
- szozAudnan: (N/A)
- ANUMEYIDNTD: NOIWUY
- SnwaEnnaEe: mMLgIEIe 120 99
- @mé’ﬂwmsm%wuﬁﬁa (81959 Undl 4 ate 4.5 YANARDINIAFUIL)

5.4.2 N157AA9N15aUUARIUNAUYDINES
Feulvnsmegeu Iderdontudng wuu 3 Un Model Type B3-20-50 Yu1aLdUNIY
& ) iy ~ = = I3 o Ay v ¢
augna1sludng 9 4 Wissyaien (Hesnluludnsilimaussauzananiunisnaaeuluglue
a o U o = U U Q-I/ d‘ o = 20’ Idi’ >

‘Ll’lLL‘U‘UL‘UG] mm‘ummimaaumEJ‘Uﬂuiuaﬂimalﬂmii’ﬂuﬁﬁ]auuﬁuaaLiaﬂizmmmu YUIALUANT
91, 10 m 11 i1, 12 9, 15 m 16 17 way 17 97 swmmu 70 Tagvinnsiaunaaauly

wiouiuinnud ity fmmml,imu WAL LGU']Lauﬁzjamazmumamwauam nSoutuiinua

or.

5.4.2.1 Fn1madaulunaguiy

1. {AdearldiFoussas $1uau 2 61 Teededil 1 Andeyaludnsuuulnl
(B3-20-50) Fadnil 2 Fastsludnsiillutiogiiu (wun 9 @9, 10 i, 11 T, 12 i, 15 i, 16 T
way 17 97 59 7 4n) waunaaouluszeenalU-ndu 593 1,200 1uns Tudinantsiudilalunns
nadeUReY - Wagndmaaou uavsidunisaduyaludng lasth TudnsaniZednd 1 (83-20-50)
wnfindsluiFednil 2 waziludnsaindedil 2 (o 7 4a) indndsludi 1 uasiinisuduide
yaaeuth nieutufinua

2. fuflunavnaest uuuduseud 1 IneAnddludng (83-20-50) luidedil
1 wazdndunsBeugamatludngen @un 9 49 Ju un 10 i) Tudedidl 2 wagiins
uduMAFoUt WSeuuiinua

3. fuiun1avnaes uuutuseud 1 lnefndsludng (83-20-50) luidedil
1 wazdndunsBeugamailudngan (auie 10 52) u (e 11 1) Tudedd 2 wagvins
udunAFoUt WSeutuiinua

4. fuiunsvnaes uuutuseud 1 lnefndludng (83-20-50) luidedil
1 wazdndunsBeugamarludngan (euia 11 52 u uin 12 §2) Tudedd 2 wagiins
udunAFeUt WSeutuiinua
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5. ffiunsmaaes wuudunoud 1 Tnoindsludng (83-20-50) Tudednd
1 wagAfumsiasugamanludnsan @un 12 i) 1 (unm 15 5 Tued 2 uasvhnis
LaunadaUt wieuduinua

6. SNSRI LUUTunauf 1 Tnefnasludng (83-20-50) TuSoddl
1 wagdfumsiasugamanludnsan @un 15 i) 1y (unm 16 T TuFed 2 uasvhnis
LaunadaUt wieutufinua

7. fdiunnsvnass wuutuneui 1 Tnefnasludng (83-20-50) ludeddl
1 uagAfumsiasugamanludnsan @un 16 i) 1 (vunm 17 59 Tuedd 2 uasvhnis
LaunadaUt wieutufinua

5.4.2.2 wan1snagauluniaauiu

Ay | dhsturieu Y o .
z L3981 13813934 ITYSNIY 4 dutdanaunuu
AN o t268 G R
L | soun , ,
n Wigd | e
« | (min) | (sec) (m) (m/s) (mL.) (mL.) (mL.)
W | ndu
B3-20-50 P
2 | LTo i
(9 W)
1 | 227 | 23 | 457 | 297 | 1200 4.04 1000 102 350
1
2¢ | 228 | 229 | 457 | 297 | 1200 4.04 1000 106 350
swAnaRugus | 4.57 4.04 104 350
B3-20-50
©O#) | LT101h
1 | 148 | 151 | 339 | 219 | 1200 5.48 1000 132 320
2
2* | 149 | 153 | 342 | 222 | 1200 5.41 1000 124 346
smALelegns | 3.41 5.45 128 333
B3-20-50
(9i) |LT.11
1 | 135 | 136 | 311 | 191 | 1200 6.28 1000 122 310
3
2 | 136 | 134 | 31 | 190 | 1200 6.32 1000 140 300
swAnaRugns | 3.11 6.30 131 305
B3-20-50
(9 | LT.127
| 134 | 137 | 311 | 191 | 1200 6.28 1000 142 290
a
2* | 133 | 14 | 313 | 193 | 1200 6.22 1000 146 300
TwALRAYEMS | 3.12 6.25 144 295
B3-20-50
91 | LT1540
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Ay | tnsturieu v . .
Y nan AN | STEENN S Fudaaingiu
ASa p WA NAgY
5| Uil | — .
n Wegd | 1ien
o (min) | (sec) (m) (m/s) (mL.) (mL.) (mL.)
ity nau
1** 1.33 1.34 3.07 187 1200 6.42 1000 146 290
5
2% 1.27 1.32 2.59 179 1200 6.7 1000 150 300
JwAnRRugns | 2.83 6.56 148 295
B3-20-50
(9 93) LT.16 97
1** 1.24 1.38 3.02 182 1200 6.59 1000 146 280
6
2% 1.37 1.41 3.18 198 1200 6.06 1000 152 290
sAadgns | 3.1 6.325 149 285
B3-20-50
(9 1) LT.17 @2
1** 1.22 1.34 2.56 176 1200 6.82 1000 180 248
.
2% 1.35 1.41 3.16 196 1200 6.12 1000 172 292
swAnaRugns | 2.86 6.47 176 270

WBWe 1: - * seuil 1 Aensiaunislu-ndu Wuszeenig 1,200 wes
- * 59U 2 Aensiuniall-ndu Wuszeznia 1,200 was lnevinnisaduludng

- ananansdunisuaaeuianusisenliwindulussazseunsaau
NUBLNAR 2: - TR N * 8 *a = 78 * 364 * 25 (1.41.)
- 158 8. 1 Audunln 62 n.n. Uam win 68 n.0.

- 159 a. 2 AUTUNTN 65 N.0. BaR 1IN 67 n.A.

5.5 11531A12%Ka (Discussion)

1. annsddnen nseenuuvludnsusazuuy (Type) fansaniianuisiseunan 630
rpm. @3UlA31 Propeller Model Type B3-20-50 (wuuUnnine) lenaussauzasan uay
Propeller Model Type B3-30-35 (wuudlnuau) lrraussouzianiu New Model Type lagg
IPnraagun1319919813 waznaain ANSYS Simulation uandliiuegsdniauts wgAnssunis
AAlnsonA ﬁaama”aqﬁuwamﬂm'ﬁmaaﬂmﬂq‘lmﬁ‘{fnwuL?Jm é’agﬂﬁ' (5.0), 'gﬂﬁ (5.5), g"d‘i?i
(5.10), (5.11) uaz JUT (5.12)

ANLRAYANNLSINTEHELUN

Thrust Tudns, (kN) .
Model Type gaein ﬁ’]&!ﬂ

(Exp.) (Theory) (m/s) (m/s)

B3-20-50 0.058 0.043 1.176 0.192
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ANRAEAUSINTTWELN

Thrust ludns, (kN)
Model Type g9gin ANEN

(Exp.) (Theory) (m/s) (m/s)

B3-30-35 0.039 0.043 1.042 0.202

2. INNANITVAGDINAAUIN 8. AABIUIAN L‘fJLlS%?JS‘VI’N 1,200 wu@s WU

O - - - -~ -~ -
& 5 o p ~ ey e ~
X - e = - - - =
g —l il il il il il il
AN1IL52
404 | 544 | 630 | 6.25 6.56 6.33 6.47 bLE
(m/s)
— 104 350 >
= v
£ 128 333 e
5| 131 305 e
;og ®
> 144 295 =
& =
2 148 295 Ee
3 —
i 149 285 3
< =
176 270 =

nmstuiide 5.5 90 2 vinsulanduszezmeionislauniu 1 ans awnsaasudnsinisly
Wiludownds lwudu 95 Mszezmailu Alawns fel

2.1 Tudns Model Type B3-20-50 THunsiuoinas 1 ans waulassoznis 11.5 Alawns e
a U % : ¥ go’ C% d’lj a a 1 ¥
WisuAuludnsuuu Local Type aun 9 91 Tdunsiudomnds 1 ans waulaszegnig 3.4
Alawuns, APNuLSAETY

2.2 Tudns Model Type B3-20-50 Tunsiutiioinas 1 ans waulaszuznig 9.3 Alawns e
a > 2 Q’J E% iO/ L dgj a a U ¥
Wisunuludnswuu Local Type vun 10 97 Tiduidownds 1 a5 waulaszosnie 3.6
Alawuns, APnuSuAETY

2.3 Tudns Model Type B3-20-50 Tunsiuttoinds 1 ans waulaszuznig 9.2 Alawns e
a % 2 Q’J E% iO/ U dgj a a U ¥
Wisuiuludnswuu Local Type wun 11 97 Tiduidownds 1 a5 waulaszoznie 3.9
Alawns, APNuSAeTY



95

2.4 Tudns Model Type B3-20-50 [4viudemnas 1 dns uauldszozms 8.3 Alawns e
Feusuludnsuuy Local Type vwnm 12 7 Wisiudomas 1 ans uauldssezna 4.1
Alawns, ieuidadieany

2.5 Tudns Model Type B3-20-50 l4viudewnas 1 dns uauldszozms 8.1 Alawns e
Feuiuludnsuuy Local Type vwm 15 97 Misiudomas 1 ans uduldszeznia 4.1
Alawns, ieuidadieaiy

2.6 ludns Model Type B3-20-50 [4viudewnas 1 dns uauldszozms 8.1 Alawns e
Feusuludnsuuy Local Type vwna 16 97 Iisiudomas 1 ans uduldszeznia 4.2
Alawns, ieuidadieaiu

2.7 ludns Model Type B3-20-50 [4viudewnas 1 dns uauldszozms 6.8 Alawns e
Feusuludnsuuy Local Type vwna 17 2 Iisfudomds 1 aas uduldszesni 4.4
Alawns, firnnasufeadu

2.8 mamaagtlﬁjumﬁwlé’éﬁ’aﬁ

Tudns B3-20-50 o o
1 L 115 | Km/L | Wegudu | LT. 97 | wauldszeznig | 3.4 | Km/L
waulaszeLnig

Tudns B3-20-50 o o
2 3 9.3 | Km/L | wisudu | LT. 10”7 | waulsssesnie | 3.6 | Km/L
wauleszeEnig

Tudns B3-20-50 ) .
3 ) 9.2 | Km/L | wWigudu | LT. 117 | waulaszeznig | 3.9 | Km/L
waulaszeLnIg

Tudns B3-20-50 ) .
il ) 8.3 | Km/L | wisudu | LT. 127 | waulaszeznie | 4.1 | Km/L
waulaszeLnig

Tudns B3-20-50 3 .
5 o 8.1 | Km/L | wisuru | LT. 157 | waulaszeznig | 4.1 | Km/L
waulaszeLnig

Tudns B3-20-50 3 .
6 . 8.1 | Km/L | wisudu | LT. 167 | waulaszeznig | 4.2 | Km/L
waulaszeLnIg

Tudns B3-20-50 ) )
7 6.8 | Km/L | wWigudu | LT. 177 | waulaszeznig | 4.4 | Km/L
waulaszeLnIg

' A v & ! N H
WHULUR: ﬂ"ligﬂzﬂ’]ﬂﬁ/ll,l,auvl@LﬂUﬂqLQaﬁﬂﬁlﬂﬂqimﬂﬁ@U%q 2 99U
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AINATMRANITNAABUDNTINTTAUUADIUNNULYDLNAITIUIU 1 ART ABTLULNNIUINT
wiazyiavile uanslagsgui (5.13)

P
cUEMA (ﬂifll.llﬁ"i)

=) :’ ws -;l' =y = 1
‘lJﬂDdH'INH!"Iﬂ]I.WiN 1 AR5 A0

DATINT THL

wr

FZE2N (km)

12.00
11.50
11.00
10.50
10.00
9.50
9.00
8.50
8.00
7.50
7.00
6.50
6.00
6.50
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

11.50

3.60

" LT 9

@

2.30

2

3.90

9.20

3

= LT 107

[ - Bty

8.30

4.10

4

[ [t
@
810
410 4.20
5 6

a v v
wuﬂwnmamamnmaw

B

@ 1udns B32050

a¥aNnagey

5UN 5.13 n9mluans wansnageudnsmsauUaesidiuiiamasdiiui 1 §ns feszuznig
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A7UNaNTTABUATUBLAUBLUY

6.1 #3UnNan15338 (Conclusion)

wnAalunseenuuususludnsivanzauielflunauszuadennsen uazBeveil
(Usumwumu ) Tnei lﬂawuuasmumauisumm U AIANATUNIUTERINRIANI DAY
Asvuan AAudumusErindludnsiunszuat fuiiiandend JUNTITe anvauensld
NUVBITDURAZUTZLAN smiﬂEJmi'UmiaaﬂLLU‘U%Nmmmmﬁmvmumaumq6] Fananluund
4 FauszneumensivuanuandATfeInIseaniuy Msiarsanaildanudnnismangud
mMsfinnsannailéinnnnimeass wagnsnsvaounuaNdRvesianilfoonuuuwd aziiulsin
nMseenuUUANsaRarintsanasuulasilouimauniseenuuuldlussninddunaunis
oonuuulaefinnsaniassusng (Angle of attack) uasiiufitinlu (Blade Element) auvilwldna
Sndmuiidasnsnauandlu (Fadefl 5.1.5 nan1snaasawin Thrust Propeller wiag (KW) wazwa
971nN15 Simulation Iag AnSYS Xflow dwsuludng Model type B3-20-50

MndumeufananarnuinIsesnuuURIMENNsIImguionaaglikaiiduluaud
foansenn eiinszaunaviegesilitusshiannsneuisusingnisalldinun Wy wuades
i1 (Chamber  line) AANa1ALEEY (Skew) Wulene (Angle of Attack) YodusaEntAn
(Section) Wusu Tudlagtumsesnuuiluinsdealilusunsy Wunteluinnewgingsy dee
Tumsiinsevinszuiunssneg dsldnanluuni 4 Swselovdlfanmnugienuazdudounes
NIANUINA

[
a Ya o

dmiuludnsluanuided fAdelavindunsdi@nwly 4 Megrafelunuiiugiulunis

Y
U

‘lj’lLﬁugﬂ’]i@@ﬂLLU‘UEU‘WﬁW}L%MW%E&JﬂUﬁﬂ’]WQﬁUiSL‘I/lﬂ‘UENIJi%L‘VIﬁIVIEJ MADAYIIAINUAFDIAIVDI

7
o A

Seuszuneils waziseussuadibiu lagldldeulusunsuimwinmanuminzauvesgunsiduing

ot

TA8NITUIDG LNNLABIVRIPAULNNNTEYINAUAISD wagludnsg wazlmdeukuuludnsTuuieyin
% ‘NI o

A v a v vy '
nsnaaesgrantidalnalAssiunsunl vl

dwulusunsuildlunsdunaniiemeivnzaudmivesnwuuludnsiu ssfansands
FUTAN99 LU ALtz Aanununtuingn wseineieseud anudiseu
\A3BsEud AISSedeenis (Ship Speed) SdfudunszuatinIg (Wake Fraction) svezdnves
ngudnaranailudnsfianit (mmersion of Center Line Shaft) iuriugudnandludng
(Diameter Propeller) szoziialudnsg (Pitch Blade) Sasrdruilofinduun (Developed Area
Ratio 158 Area Raio) Aa1an3anszuat Wudu ietlumelnssennia (Cavitation) waz
sunsaludnsfimngay Taslusuidoiaut azdredsfummsgrunisooniuuvemia (Troost)
wazinatansAwalaenguun Vortex Lattice Lifting Method wuu One Dimension Vortex
uag Lifting Surface Method @uluumsgiuniseonuuuluinguuy B-Series lagldinauads
sUnsansesnuuuivanzan uazdilsisinguszasdvesuidoifuveuivandn Tnegraain
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a a PN

nsmilaanlusunsuAIIN Na1IAD RITANANUITEANTANGIGANAIULTITEVDDNUUY kALY

Y 9
U A

navosUszansnmussln Wuesauszneuiieldlunsindula
nHan1seankuuunsadudnsimanzan gadelavinnismianadedsedniain 9 n,
=0.713 du3uludns Model type B3-20-50

6.2 dalauauug

1. {ideveiausiiazyhmavaaoadiunin (Fill Test) afaft aos ieliBuiiussdnddn e
anssouzvadluingluml WeFsudisuduluinsuuuiuildoglutiogiu veuieusvuniu lny
nanaaesluninauy awdidunisindluinslnddudeussahpuiieiriomnse) ua
yaaouluunushiusuysluszesmalu-ndu sau 1 Alawes lnsgmsfuihdudemdweado
(Fuel Comsumsion)

Tnsmsmagevluniaauufananaziiunsuduntstuszninade 2 &1 fnnmsudedu
wazagaLdunsasuyanaluing LATVIAGBIET (Loop Test) iiefnAnfiuuysaiee vty
n1sade infesud warludng Fawaninmismaaeadatsednsi wnlunsseddtasuieivans
Ty nsduFosesiiiudomas

2. inmaneaesluiosjiinsuazmavaaouneauiuadaisn AUty
wazguassalumehendde afiiidusshannsudesnanvatsaiivg Sudeus §ilagvimei
faaeAfe nsvienadilafuguey funguussasiiutiugneg msviasudszanalunisyiings

Y q
o o=

9o FeiAdvlasveveunn aseuniveite Mdnlauazlinsatiuayuiide dmiunisviiany
Wotuil ieliussganudilavesife
3, InMITeT ARdelauiudatdaywmdne Annniadiumsiimunseniin uazswilo

futilorremdenguinunsuszas Fadurisldemsdunie lWdannadiudun defideveasy

“E]iyjmﬁqﬁ

1. Jgpmandadefiazanthoimundamiuannsalunaussus uavgnamnssuiiioides

2. JgyymannmsinuauleuglagAuIemaedINNIATT BIANT aNAY #1199

3. Yyvna1nn1suinauTiuideveudas il ufisindaiy Tunsudeymegaysan
3 Taglamemhenunaiziazdeaduunundnlunsnanseulasyssannus

4. Jym191nn1591AN1TETUAYUYBINUIEIWRNIENI/a010UN1 53RN Taglaniy
vdnnasiuazngsziousineg fimuautinidelilaianusaauideldmmd

5. Jymannnisviannusiuileo Anuiud wan1s35uveaUsenaunsiensu fonng
Wawgnanssuiseussudine

6. Jymannsvianisatuayusuyszanaiifiemes LazUNUINTBINIAAAIUNTTH
Useaahu AEC, EU e?iaﬂizLmlml,ﬁmizauﬁmwmmLﬁa 1.8, 58

7. Jgymannsrinenusiuiienululasen1sidy Awu) wazeoniuuy %QLfJquaimé’ﬁm
SuAnaneamaszisdsiunaziu, arulidildlufesnsiaiuagisde, nislald
SunsaduayuIINIsusy warAUlitauremIEuN1ASY/enTY, NAndA
Tudoszidourne Fumhenumslinsasndiusazsu Slomnnsswidlunisfid u

Y

=} Va 14 a
NunIeRITeLlY sulsTInuiaUsEIan
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TUswnsuUszaAtIaussausluanssa

Kt, Kg, Open Water Efficiency and Slip Curves Available --> / G V

0.5<=P/D<=14
Open Water Eff. () =
Specific gavity (5.G.)=
Brake Power =

Ship Speed

Wake Fraction

Thrust Deduction

Immersion of Shaft
Keller Constant =
@ RPM =

Diameter

Adopted J
Adopted Ae/Ao =
z

Starting at J =

@ Interval =
Power Coeff.

Mech. Coeff.

Rotative Rel. Coeff. =
P/D

Required Thrust

Minimum Ae/Ao =

Effective Power

@J

@ RPM
10*Kq

Brake Torque

Calculated J

0.3 <= EAR
<=1.05

0.807
1.025
8.25
10.0
0.250
0.190
0.200
0.400
1200
0.240

0.782
0.350
2

0.050

0.050
0.900
0.800
1.030
0.940
1.421
0.877
593

0.000
1234
0.143
0.064
0.804

2 <=27Z<=7
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Kts, (AM3151159)
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(AU5ITEUDBNLUL)

m., (duruaugnaisludng)
<= Read from match point
(Ensrduiiofiaauuw)

(@)

<= for the curves to be displayed or

plotted

<= If Jinterval is large the default

value will be used
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TusunsuuszanuataussauzluInsise
Kt, Kg, Open Water Efficiency and Slip Curves Available --> / G V

0.3 <= EAR
0.5<=P/D<=14 <=1.05 2 <=7<=7
Delivered Power = 6.600 KW
Ko/) = 0.319
Kt = 0.093
Ki/)* = 1.615
Max Open Eff. = 0.828
Pitch = 0.226 m.
Prop. Eff. = 0.898
Propeller Thrust = 0.126 KN
Propeller Torque = 0.005 KN*m
s = 0.168 Nominal Slip, s = 1 - J/(P/D)
Va = 3.861 m/s
Diameter of shafts = 22.591 mm

“* g * = Jeuedeyafinedn1sesnuuy
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29819 11 Page Programming TunisAuiuainiseanuuuludng



A29819 NAINNITATUIUIINIUTUATL

Final Results of the Design
Diameter = 0.24 m.

r

PID = 0.866

RPM. = 1234.27

r

Aelho = 0.50
Blade No. =r 3 Approx. 7% BackCavitation
Open W. eff. =r 0.69
BHP. req. :r 49 98 Approx. 4% Back Cavitation

Burill Cavitation Checked

r

Cavitation at 0.7R = 1.5662691
L
z
Vo= 1B7.BET3136
F
Tau o = 3.5540122

Read Burill Curve
r

Reccomend Tau C = D.B6T1T3Y
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AMANUIN A

n153ATITdayande TUsunsu SPSS

(Statistics Package for the Social Sciences)
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PUINLUINSGISD
5 4 | 3| 2 1

nauludnsuuy 3 Un yu 20 war 30 aern (NGuUTELINIALS)

1. B3-20-50

2. B3-20-35
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nauludnsuuu 3 Un yu 22 93 (NuUszanIane fueen)
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M19197 A.1 Adsuazdudonuunnigu seiuauisnelaveiinsusunisanse lused
Tdludnslunguuuuy 3 Un yu 20 991 waz 13 30 83N (NAUUTENINTAL)

N=T77
sTAUAINUNDLA -
= sThY ., .
” v wala welawin wala wola welatles — f1au
anuwauzaasluing . 2 SD A -
un U1u Uae NEn N
o ; wala
ign Aang
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15 a9 13 - - 4.02 606 un 3
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(104) (16.9) (727) (61.9) (13.8)

nnseanuwuuludnslunguludnsuuy 3 Un yu 20 2967 kA Y 30 B9 NTAIUNTY
YosluInsNuanAeiL wud

1

1. Tudnsuuu 3 Un yu 20 ear NdaunIevedludng 50 (B3-20-50) glinsuvanis
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ANILSIVRIISE \ L/T
AALSISOU n T
AL YYD p ML
AAEiAYe I H M/LT
aasaiesannuseldugag g LT
AT P M/LT
Huitnludng A L2
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AL, M, T AsUSuiauiiugIunaaIunanIans lain a218e17, 498, 1387 AMNa16U W5
AUNTTWIINAN A
T ~ f(pa’Db’Vc,gd,nc,Pf,“’g)

[

LALNULR Azle fadl

oA

WAANAIT
M . l-a+f+g
a-1-f-g
L . l1-3a+b+c+d-f-g
b:1+3a7c7d+f+g
T . 2=c-2d-e-2f-g
c=2-2d-e-2f-g (2)

wuAn a, b way ¢ ledaselud
b:2+d+efg (3)

WU (2) wag (3) Tu (1) o

I e L R e P B S BT
gl el
P T e e e ey
waswnuAluauns T

e GIGIESICIC)

dle v=E  fo Kinetic Viscosity aglgn
p
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et 5169 £ G B

d' = o a £ v Ao % o w1 a ° N a v %
o Ct Ad ﬂ']allﬂigaﬁ/]ﬁuﬁqwaﬂVlﬂ'TViu@bL'J ag @NIUALTIUA MAsalneInuUny Cr ‘Uglﬂ

o o{(2) ) ) 2) )

EP

dll = 1 Y} a Q‘ a d‘ o v
e Cq Ap AduUszansusslanivuall
NAUNSN (6) haz (7) TULAAITALAUAINSUNITIATILARANIT INaTENINg 2 awls dnsu

TudnsReaniu Wy Mlunsdiil Cr waz Cq sznansludnsdiassuazrludngase) wsfiwmesls
1 g.j/::{'gDnD P gD \% Y Y gj U aAa 1w 1 =3 1w 1
vihened =, — —— = — Tdiuludnsiaesduniidviriu egrelsiniuarfngn

V2>V T pVvE V2 VD
9199z aanandesiunisneasslunsaldu
Cr uay Cq znaneilumetiug Wie anusy V idilndaud iendndesaniunisainladii
U5750U1 @0150UnUi V dnemon nD FedeslivinliiinAnuunnd199eaniie aedusazlaa

FUUSLANTUIINGN Ay wsalnlnd fadl

Cr nanewlu K, = %
pn"D

Co nanaidu K, :% 8)
pnD

warazloAnduUseansisniie 4 weu lawn

VZ
F = - A1 Fruode Number 98sludns
g
VD . o
R, =— @1 Reynolds Number vosluing
VU )
J= - A1 #uUseansanusinmn veeluing
n
P 1 U
c= oV A" Cavitation Number 989luang

LY

wena A1 Cr waz Cq TallAnndnway Open Water Ao anUszansam (n,) fvuald

n, =t (10)
PD
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v

= 2 o v w = o o 1 ° vo &
W9 Pr A ANANAN Ay Pp AD ANA9AY LAY Qﬂﬂq‘wu@l‘lﬁﬂﬂu

_h_ TV _ KDV K V1 _TK 11
E P, 2nQn 2nK,pn’D’n 2nnDK, 21K,

wisdlwmesiiniismaidldiiouansnauunsin Open Water veuludnsdslianuwazianiy
Y94n13YUveluINT AIgUN (s-1)

3‘1]17; 9-1 Ueane Open Water Characteristics [3]

1.2 Propeller Hull Interaction-Wake
SeludnsvhauegiundsiiFe qudnuazmslalaslauniind (Wu wsawdn ussde

wazA1UTEANSAIN) AEUANA19AINAMEN BaLANIEYadlUINT NINYDY Open Water A7
uanensiiiatuil Wuderuusludeulunisinavesvedlva lnenamdnnguiudusingnisel
Interaction Ha%#91131N

1. HaiiAnannian (Wake Gain)

2. NaINNTAALSINGN (Thrust Deduction)

3. HAIINUTLAVTA NN IV UENINS (Relative-Rotative efficiency)

1.2.1 wannnaINLIa (Wake Gain)
Y99lrasauluinsfiealasUNANIENUINNNITANID 1991nn1s bakuuliiinly
P9 LazN13anANAINUNLAUUTUIBUTDINTS A
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B dary 1
Potential flow oundary ‘ ayer

JUN 9-2 uane Bvisnavesiusesienisiva (5]

NAFINANIAINARDANNLEIRAEVRIUNTTNTUANT (V) 2HANAN9210AMNLS V098150 lnaUnR
LUDHINIIAIMULTIVOIATD (V) FITUANNLANAIITENIN V Wag Va 38071 Autsann
(Wake Velocity: V-V,) lngdndiuvesnnuiinaiunnuiidiesdeuegiuveunes

Wake Fraction :
W, =—* (12)

Y39 Pube1uUDd Froude MuualiaInuaIunsehau1Iu (Wake Fraction) winfiu:

_ V_VA
Va

W, (13)

F

NaYDY Wake Usznaumie 3 03AUsenaU Ao
Total Wake = Potential Wake + Viscous(Frictional) Wake + Wake-Making Wake  (14)

1.2.2 Potential or Displacement Wake Component

nslvailifiadunidacagui (s-3) Meuduserilianuduiuusnuiesen
Tndrudinislua (Streamlines) Wy wunefiauind arusiduinsveansivaiiuduiossiles
neusvesiite wasllazusingliiiu Forward of position wake AnAatsaAL LTy

5UN 9-3 wans wansiviaannmslvanlaiiainumile (5]
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mﬂsﬂ‘m (3-4) wanadninavosnduniaifinasdofide Tavaingudanans
mwmmwwmwmaummmmmmmammm nanfe
- AUFNRATROUTY (Vinean) ttf0ENTIANIE TS (V)
- MdEnTIg Wake ~ 80 — 90 % TasHaaInaTvun dmsudeluinaien Tuinsdi
Taihaulugiefifinnunie @nnsdenniu) vliiaannaiinnuddy
- ludnsganilvgvhanludinisivalafaumiaesin fafukanniaadsdanudidy

o

ABUTN9DY

JUN 94 uans navesn1sinaainnisivanilainumilagsl

1.2.3 Wake-Making and Wake Component
L‘%@Lﬁuéhﬁ’]Lﬁmﬂﬁ'uL.La“aumﬂﬁwuaam?ﬂlmvﬁmmL%’mwﬁwmm ANYULNIT

\ndeuiivesndulasazindeuiidug "Lummmmamau%ummmmmuﬂﬂmma T,mmmmu
zneliAnnsifiuvetesdusenay Wake Sy van w3e au muaamummmmaumnm
In&ieswedludng lnsvenmdu (Fmsuidornuditdaiunany) vievewau @miuides) ay
aguuszuuludngise lag Aflenuves Wake:

Nominal Wake fe Wake luszuruvesludnsilinaanludnsvielsifluinsed

Effective Wake fio lofinavadludnsluszunu Nominal Wake
Tupnsned (Diuansdves w Farrsneg inanmaaedduea uasdlillddddmavonisaina
wazdanatlateduiifinadnieseeniy LLazLLamwamaa'gUmqﬁaﬁﬁmaGial,é’umﬂwasuaqgw%nm
szuuludng

A15199 §-1 ANA1AUEIUNIZUEUNIU (Wake Fraction) d1v3utsasige [1]

W (Wake Fraction)
0.5Cg - 0.05 dmsuludnsiien auns Taylor
0.55Cp-0.20 | dwmiuluinsg dun13 Taylor
0.3 Cg = 0.70 dusuiseduaianusUiunans
0.4 ~0.5 Cp = 0.80 ~ 0.85 dusuisedunaunlg
0.25 Cg = 0.60 ~ 0.65 A NSULTOADUNULULS
0.10 ~ 0.15 Cg = 0.50 dmsuselnvansluinse




W (Wake Fraction)

0.05

AP IVUZLAY

dwsuisosunusIas

- 0.05

a' & & a
NAIMULIILBIUN

dmTuEesuANIEIEd

1.2.4 NavINN15aALIINan (Thrust Deduction)

TuansilmuS MUt UINSANDAT LTS A9t
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- MIANINIILTUROU VBITUVDUIRURIANUNLA( Layor of viscosity) 39
LUNSRLLSIAIUNSIEEANIUU UGS
- ATARANUAUTNED FUTUNITIANLTIAIUAILSUY

Wo9NWRNAIINTIUY N159191uYedludnT ARk IUNIUTeIf I TadINai 0 BRI 1dINYDY

Y] A ' Y] Y] o A v v a o N
LLIINAN NANIAD mLLNN@ﬂQﬂﬁiNﬁ]’lﬂiUf\]ﬂi%%ma\‘umsﬁuzLLiﬂmuﬁmu“Ua\‘iLia (R) @QEUV] (¥-5)

JUT 9-5 uans nsidguudasanusiuusnuiuialudng [2]

nMsiinvesnu AR

1%

AR =(Ap—Ap, )ds

dlo ds = fufngesvesde
t = duUsznoUNITaAWIINEN (Trust deduction factor)
(AR _T-R
T
%30
R=T(1-t)

(15)

(16)

(17)

A1 Trust deduction factor anunsauszanuAlagldgasiinimaass Tunedfumasine
luwuudraetludnslagld Stock Propeller UsEaNadUNUAUSNa1aiuInanifeInsiie
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9ONKUUAIIALT A1 Trust deduction factor TuagiuanumieIvestosindludnsiviiie uay
mude lngaglAniudunid a15199 (2) uansa t

A15197 $-2 waneen Trust Deduction Factor (t) [1]

t (AINITAALIINGN)
0.6W dwsuludnsiien aunns Taylor
W dwsuludnse aun1s Taylor
0.25W + 0.14 ﬁﬂﬁ%UIUﬁ'ﬂi@jﬁﬁ Bossings -
0.7 W + 0.06 ﬁﬁﬂ%’ﬂlﬁfﬂi@jﬁﬁ brackets -
0.3Cg dmsuludnaienuulng -

1.3 Relative of Efficiency

AUTEANSNINTedludNT uazkaves Wake vasiisoaslumilounulss@nsninluing

n3td Open Water w31y

- szfumnututhuvesnislvasisnlu Open Water usiazgsannly Wake ndssaise

- nslvandsshidovglvanuuline sofuiisailag vussuuludnsessedoulatu nsdlves
Open Water

szé’ummﬂuﬂaugﬁmaﬁiaLLimeaszﬁmUﬂU%’m Fademasouszansan faiuludnsas
Qﬂé‘?ﬂﬁ]aaﬂLL‘U‘Ué’m%’Uﬂwﬁﬂuum%’ﬁﬁuﬁnm Wake (Wake adapted propeller)

Relative Rotative Efficiency mg) Qﬂﬁmumim&Jé’mﬁaumaﬁwé’mmﬂu%’mﬁNﬁmmeé’ﬂ
wWeaiulu Open Water (Ppo) Lazditeulugunds (Pp) fatiu

P

D

v 1

Ppo - Adsdeves Open Water

1Y

Po - Adedefindednse

P, _Ms _ Efficiency of behind Hull

_ DO

Nk = = : - (19)
P, m, Efficiency in Open Water

lngilu g AwiAszana 0.96 fs 1 Beluediuussianvesludng
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] s & o a ¥ LY [
E‘U‘VI 4-6 @AY LINMBIVBILTIaTANUS AL UluINg (6]

1.3.1 Propulsive Efficiency and Propulsion Factors
Tunisyiuienias W,  tuag nr nenaliage1aedindsnisduindaunse

Usz@nSn1nn157U AUFURUSTENINNUTEENTAINUIITU np (M58 Quasi  Propulsive
Coefficient, QPC) 1Julussil

PE
_ T (20)
Np P,
P. PP RV
Mo —_E T DO _ =MNeNg (21)
PT PDO PD TVA
TA-1t)V
D~ ( ) =MNoNr (22)
TV(1-w)
1-t
Mp = =MNoNr (23)
1-w
l_t = a a v A o 1 a a o A
LAY 1 =n, Ao UszdnSnmAEea1nn1siIvun A1veslszaninindiieasuszunn
- W
1.0 ~ 125 dmSuludnsien
0.98 ~ 105 dwmiuluinsg
(24)

Np = MNgNoNr



143

1.3.2 Useansaanluszuuniag

PE
T]DZP—
D
PE
M =35
PT
PT
Mg =——
PD
_PDO
Nr =
PD
P N =NoMr <> Mp = NMuNoNr
_ T
no_P
DO
PD
Ng =—
PB
T = WLSNEN Pe - Mdsuszansnn
R - usedunmu No = Usednsnw Open Water
V < & a a [ Y4
= ANUsUSe MR = UsgdnSamAnuduiusnismyu
Pr - #&wmdn B = Useansnmndasiise
Po - Addamdsase Ns = Usgansaimwanludng
Ppo = mdsddlu Open Water  Mu = Uss@nsamdise
Pp = fdwmge Mo = UszansnImusetu

2. Standard Series Propeller Data

n3mAaed Open Water fugalinnavasludnsasvaaounuuuuiiugiumsosnuuuluing
sunuuvesludnsgnaiiaanmsimusdndsmives fdwmaseaussauzvosludnslagnse
uaz anusausuasusudsle fuusiieadeadald 3 gn Tiun

1. Wdusitugudnans D way f1 v P lagunfAvgdmunlst D fidiasfiaveuas PO 2y

Wasuuvadls
2. Blade Area Ratio, BAR uaz s1uiulu Z lnsuniial BAR way Z aviUasuuas
3. Blade Shape uag Blade Thickness tngagruualviirnnd
fﬂ,u%’ﬂwmaﬁmﬁgﬂﬁmumﬂmawma6] ¥ fis Wageningen B Series (W38 Troost Series),

AU Series, Gawn Series, Gawn-Burril (KCA) Series, Ma series, Schaffran Series tagisdanld
yaflwensulsunnilananaymn e Wageningen B uaz Gawn Series

2.1 Wageningen B-Propeller Series
Tunygaludnsyanlasuanuteuwnsuargitunld lawaludnsuuuluuSuyulala
fegrngu edum (Fneglunguieiiivszunaliunay) galudnsiiaesasly Wageningen B
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Series 3@ Troost B Series Ingluuves B-Series figuuuuiiing eawiinidaluiiviuasis uax
AudNwAILNTIURR TagvinnsmaaeuUszana 210 Yn naaoufl Wageningen (Jaquiugan
filude MARIN) ludmeaedulszmauisesuaud Tnsnsmaassazimusliduriugudnais
Tudnsmait udwvhmswasuansineg fesoluil

PD = 05-14
Z = 02-7
Ap/Ao = 03-105

AudNYuzENE g UYes B-Series A
- R UAUGNaN 250 13l uaz TR PR 0.167 (AD T, SAIAY)
- M3nsEevesLiiY AKl Mnudnanadludsasly
- fidnwauglananiiey (small skew)
- ypupdludnsludranth 15 asen (Rake angle) Muaunisiady
- sUTsluneuinaangly
- sUnthdaluuTnUa1ewuy Segment wagnthdinusianday
- NINAFEDUIY Neglect Cavitation
Tneyaludng B-Series azimundosuds B-Zy iile B uansiswiinvasyaludng (B) A1 (2) uans

89 sauavlu (i 21y, 3ly, dlu,.)dn y wansdersnsdiuiiuil BAR :% (0.3 D9 1.05) LU
(0]

B-2-25

2.2 Gawn Series

(%
=]

ludnsyatiusznaunig 37 ¥a wiialudng 3 Tu Aseurquendnduiy wae BAR ¢ail

r 04-20
D . - .
BAR 0.2-11

%a‘ﬁ'mmﬁﬁwmswmamﬁ Admiralty Experimental Works (AEW) ludszinadangy sqﬂfj
Usznousme
- duruAugnans 508 mm. (20 inch.)
- MINAALUY Segmental

o

. 4 S
- dadumnunuilumad B‘ =0.06

- durugudnansuluang (Hub) 0.2D
- luiAnFn Cavitation
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2.3 Representation of Series
NSLAAINANIINAABIYBY Open Water vhlglagnisiiuuanisidnsividudiudAgy
Tngazld wuu Kr-Kg-J, n59% Bp-By-8, 5 p-o-¢

=
bl®

T K Q

K;= pn2D4 , Q= pn2D5

[

wonanwenlinieansuuudl Taylor dsldrimsiious) 8n il
- AduUTEANSNIAY (Power Coefficient)

NP: .
B, Vz.['s) il N apmy, Pp (HP), V, knots)
790
NP2
B, =1.158 —2
739

K, |
B, =33.46,|-2 (SI Unit)
J

- AENUTEANSUIINAN (Thrust Coefficient)

1

NU? ”
B, = W W N apm), U =PrHP), V,knots)
ED)
1
NU?2
BU = 1158F
TEn)
K
B, =13.35 ’J—j (SI Unit)
a) A1 Advanced Constant
S = % il N apm), D feet), Vaknots)
739
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WAGENINGEN B-SERIES PROPELLERS

L
o R = B S R o= ::{h"“:"“‘:'-; -
.00 D.IZ‘U 0.40 fo > I],Bﬁ;] L " l.ﬁ ) l_l-ii) - =
ADVANCE COEFF(J))
" E; SRR I3 3 3 - am el
R ATAVIAVAYS j o
T U A K A A T K s s e i oo
\ TTVAVAVAVAFAVAVATAT IV ATAVN QO i
ﬂ?‘\ ’\ ] \ N \ \ '\\ N \ K N Nepiten (comutam) - 2
W | | ALAVAVATAN VAN R K3 A A S
L AN CAMIA IV YA Y X ATA N Vadv %
SAVAVGGVIEW MWW AT AVOANA YN ANA KN Y &
LR T A AT A RTA,
OB YINAA YDA NN A A A AN _\%
NSNS S TATAVAVAVAATAYAVN AN AN
3 4/ \\/\ \ N A \<\ \Y\ y \X\ \Z \7\7 f /l>(-";I
el XA VA M DSDOIBOA W RN A KK R '{'\93
re= JVAYAVIN VAV VAV NG N e
AL S NN O SONS e
‘::mmh» 5\ : /7\\/2/K ?&)0&5‘)& %’@ g 2%‘ )\?\OQ %4
| 2o : VI & A AL oI 4 A
e RSy AV dirisy A . ,)? K%f/;éj%%ﬁ
TP L SRS ZZ A7 ) T A I AAA RS,
1 .—/:'ek.s Kw g\:s e '/zs “% %yao/ ”}V.'aaJ 80 70/'{,/50/ sbxzwo.'ﬁt’;!’

;J‘U‘T/'i -7 wany N3 Kr-Kq-J [1]
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b) A1UsLANSAINIUINS
PT
No = P,

N5 Bp-6 wag By-98 Algann nsm Kr-Kq-J éﬁ’qgﬂﬁ (§-7)

3. nquf)luinsiza (Propeller Theory)
3.1 Nnufluuudy (Momentum Theory)

Toguszasimuldlunsinssiuasysadiuludnsise (Rankine 1865 & Froude 1885)
yauilumusinduiiindudluiengui Disk Actuator Theory faguil (s-8) Tneflansfigiudi
- nsbnadunisivauuuasfiduanldfnainuvie ﬁQﬁ?ﬂU%’ﬂifwhjLﬁmﬂﬁq@%awé’amu
{0997 Frictional Drag
- Tudnsnywihauwiiuskualiousse (Actuator Disk) Insauy@idnuiuluviiuetiuduas
wiaglullidnaiuvadluviivetiud wuseaiu
- Tudnsanunsaasausaantaelidiinnisloaainnismyu

5UN 9-8 uand Disk Actuator Theory [6]

INAUNITUIIHAN 131391A1 VR TNANNTUBYAUBNTINIT A ILluINT wazn1swdsuunyas
< v A = S v ¥ = o v Y <
ANILTIveTEULTUAGaU 91n3UN (4-8) Waglraandudieluniean Feivuadiviesidu A
wag C Ma1AU uagiunisvasuiuiaiouagfiduvis B usanan (T) wiriu dnsinsluaids

434 (m) @mé’wmmmmhwaqmmﬁ’s (V)

T=m(V.-V,) (25)

91nauN159 LT YUY IANUAULBINANNUAAAIUAUNAIWALY C  TANMIAUAIUAUR
Fe A fatun1ag Pp nasnalalaeludnsagle



%zémh@;ﬁ)

1 <@ o v a v 1% a1 1w ay v [y
’e)EJNlﬁﬂWW%Jﬂ’]ﬁQVIﬁiNl@ Pp Nﬂ’WLVﬂﬂU\‘l’MWIWQ’]ﬂLLNNaﬂ

Pp=TVpg
NauNIT (26) waz (27) anusilusuwmisesdudng agle

1
%=jw+n)

81 Vi way Ve Weulumauvaininusy Va agle

VB=VA+ua

Ve=Va+uy
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(26)

(27)

(28)

(29)

19 U, 4ae uy 3A0 lnefidwidunisiinvesauniiseninwinunusdudng B wag C Wadns

Wasnnsloavzdeadulusmudoulysening Waulanesnlnasanlutudaulusundaludng

7AD9FDARADINUANNITAINUADLLDY
Qa=QB=Qc
pVAAA = pVBAB = pVCAC

VAAA=(Va+U)Ap=(Va+u,nDAc

LD

nD? nD? D

A, =—2 A = , A.=—F¢
A4 ! © 4

aglen

Di\ _ V, +u, D2

VA
D = V, +u, D
V, +u,

(30)

(31)

nngNIseysnYliuud “a1lifiusenieusnnsgyidessuULaI lUUANTEITEUUIEHAIAYED 7

! A a a2 Y o U ! 1 ! Y ISP
NAIAY Wf\ﬂiﬂﬂﬂﬁ\l’]G]iﬁ’)‘U@ll'ﬂ?ﬂ‘Viuq(ﬂ@ Aa NU Ac 1IARDNUILLIAT AR UNTNGA Anp 1A
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WU pVaAa wazluudunisluawingu pv2A, Tuviussdeiduluwusunislvasen Ac

g1u130 Weuaunseysnelumuiulanal
2 2
pViA, —p(V,+u, ) Ac+T=0 (32)

naNsA (31) unuetly aunng (32) Weulalld

T= gsz(VA +u,, )u, (33)
wag wsawananusaideuluguilla

T = ApA,

1Na@UN1S Bernoulli’s  @13150181189ANNAURUSTZTNINNANNAU WAz ANUSIUTeY way
MU ¥a9ludnsie wakdanunsaldlanukiuaiiould saduaunsansuauniloul way vingin

gl

1 2 1 2

—pVi+P, =—p(V,+u,) +P,

2 2

1 2 1 2

EP(VA+ua1) +PC=§p(VA+ua) +P, +Ap (34)
Lﬁ@: Po=Pc
LNUAUNISTN9UURL L9

S, = C7% | or S, = ST} (35)
ch CLg

aunsusaranvedludns@eulasnguuuu Ae

T u,
T= Zsz(VA + 2' )ual (36)

S20@UN5 (33) waw (36) o

Ual = 2ua (37)
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WARILAAILDIDNTITI U AU IUTNT LAy LanaaRTING o At undsluing
Fawanaladn awsilunuiwnundiwnialudng (u,) SA1ASIUTIU09IANSINATwWMUe C
AUFURUS LA SINE NV LU NI AUANLLS UILNUAD

T= gsz(vA +u,)2u, (38)

wsauanvasludnsarunsasulumeyldmhelameasuusnuiveduinsuazaudy Va lag

T
CT == TE—I (39)
ZD? = pV?
4 2p A
A1 Cr Ao AduUseansusnanvadudng et aunns (39) Weulnallasn
u u
C;=4—> 1+ (40)
VA VA

Induced Velocity #ilaaluirgidouansimdanuildelufunisinadundsludng nydetign
fvualaenguiivedlva ileussgnudnesnaziinnisgadendsau lrdussansamiosniy
1 Usgansnmludnsgnimualneanusy Va uasuss T frdseruiife TV lumsivawuuloa
ANLL3EAMUALINGY 2u, Wemavesnisinasenie wafilvakiuludnsifidvinfunisiva
ruAwEI wanglgsdl

E,, =p(V, +ua)(§D2J(2ua y (41)

Usgansnmuadludnsdeulasadl

TV,
TV, +E

lost

Mo (42)

wnuaEung (41) aslu (42) azla
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1

No=—"F—~
1+ U
VA
2

Mo =Ni =7 fF—
© 1+ﬂj1+CT

Y @ = a a A & a Al a = L 1 a
wandliuisUseansamasaniduluaunguinsivanldfaauniaveddudnslaeliinnis

(43)

Inanyuiule s usamwingludng daudssendt “Ideal Efficiency”

3.2 nqufninunluins (Blade Element Theory)

Foriadesturomnuilumudy fo lififeyafiieadestuzuisvesludnauuusieg 4
msooniuvegndlsieazldussndnia uazusdufirussiudliliiiunga nouj Blade Element
Theory \unguiiiauydliuraznindnvesludnsmie Tuinfisuiadu Aifoll Tngnisiiansan
uragnthdnarlidimadstunaziu usimdnuazussdavesluialininnisduiinsnvesusazwii
finTIunaonANERaFUR (5-9)

5UN 9-9 Uang Vector v83us4 [6]

dT = uswén VR = anusians
AISn viernusuade

dQ = u5Ua Va = Y dua o
Yoy luingse

dD = uwseu a = yulsny

dL = wusewn o = ANUSATIYY

B = yuiy (Pitch angle)

TagA1 Vi AAUaLINnU

Vi = V2 + (1)’
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wsanansuUadludInsAualalaen1TBURNTe dT nasawudsadl () 910 (V) aude (R) wazazle
HATINVBILSIHENIneAMA I8 T

R R .
T=Z[ dTdr=Z[ (dLcosp—dDsinp)dr (44)

[

Tuhuenfenfuusednsudeuldsail
R R R .
Q=2[ dQdr=2f dFrdr=Z[ (dLsinp+dDcosp)rdr (45)

Useansamludnsiviniu

TV
N =——a (a6)

Qow

3.2.1 Profile Characteristics

sUsuURMdnvuzTesgUfioai1aussen (L) Tnegusha (Lifting Surface) fiilves
Tyaruvilifawssu (D) wag Pitching Moment (M) 675@LmamLﬁaammﬂmﬂwagﬂﬁ’qﬁﬂﬁ
Tnasonluduiing Tnenaainanumiindusitisannnusifiesiiniuusnagiuie fAdeni
Kutta Condition @aduiieulvdmsunisinalunundududanisinadiusnasuig wisaium
Fuviesisae i fuiiansangussiiindeudiiuresinaiifyuusnsuansiegud (s-10) o
mwm%waamﬂwaﬁﬁgmﬂzm (o) nadnSvosnsinadensnsEateANUFUN ST SULTURA
dlepud (Po) ﬁamméﬁ’uﬁlﬁgmumu AuFuuLuRasAnNsUasuLYas oanudu
Weuesglumeulinuae

c, =P (a7)

5UM 9-10 nsnszareanuduunlunfiyudengls]

q
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o [

21naun1s Bernoulli AMusunsEatsuuiiuiiazduiustuaus (V) Iy

2 2
P+1pV> =P, +1pV, (48)
Fedianaiiosainanuwand19veanudn (h) iWeeringusigniveglunuiusulasiiyudsny
Y8 @un1597199ua1UNsaLeulvalan

2
C, =1—(%j (49)

AUAITINUVULERIDIAIWAUS Stagnation Point 2 qmﬁﬁmmwm%aéaﬂ (Local Velocity) dandu
udlnasiumiafiaingn fio uinasunthuasdunds U7 (3.13) uansguiuun1snszateves
AP

ArfuLAnIsErisdugakardueuiy adsliAaussuuiiuia meduiiinsnnsinsyans
vuihaglduseon (L) mdnssansusenannsodouldiad

CL = IL (50)
~pSV?
7 p

'3
a a 1

e (S) A Wu# (AugInesanuANnitly) dmTuadulsyansuseendemiieiiun avld
AEIResA (C) ununien (S) lnewsen (Cp) doyulsnyasuaninagun (s-11)

Y

JUM 9-11 wane ussenieuiuyusne [6]

N3UN (3-11) anunsaiududseansusten (Co) daduunu x Nuuvenzussendugudilolid
LSUNUUALRY Yusnslianunsaminaingusiwesdulasiuisonit vielsundnagrmiladnduy
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[ [y 1 . o 1% 2f 1) =] a1
TAInaasT (Camber  line) wasAiwiaild o, = =™ wazaAuduualsend [‘ZCL) Gl
C (00

WINAU 21 @mSUNURIU AeTiuduUse AN hsend1ns Ui uUNau sawd e udy

C, =2n(a+a,) (51)

Tunsdififipsnggatunsmusienanmsosiwaildanngugidadu (Linear Theory) uay
wsenamnasiiainnisinawen (Separation Flow)

Tunsdlyuuznzgauai oy Ao yuuznziinlianuduuinavevi (Leading  Edge)
anseslunsdlifanisnisivaivouiidulunufiansvesdunauiues Sedfguinineza
Ugnzdl Annuduiilndiureuinasiinngean uidinvedludnslaeilufsueenuuulivinui
sulgnegauafi ussiudoninusadsamunuiiuisveslusinduay WevlumenlSnngld

[

v
PNU

CD == IL (52)
—pSV?
7 p

3.2.2 Profile Series

National Advisory Committee for Aeronautics (NACA) iéfﬁwmuawmaaugmwu
vlowdnanss SULUU Fedeya foil nszna NACA léfinnsuda Foil eenifiu 2 wuu Ae foil fiAu
YNAUANAT AT WUUIEU Mean Line M3nszatomnumuikazmiiazdmusiyaussonidy
Auddmsu foil AmnumaNsas wag TyuUznzgauaRdvmsy foll LU Mean line Hneenuuy
ansaidenguuuuTe M NTifeans a1unsnidensnanmsTIniusEning Mean line way
ATAMUIANIN SRR INTULLAEY Mean line 3D WduApsn (Cord) Aun1azuaunIsues NACA
A1N3EAEANUSLTEUY Woed (foil) NACA anunsauszanalaeil

& AV Y o aa a A & ¢ I3 | oAy oy
1. N19NI2AIBAIIULIY (Vjuwmmwmwwm neuenilugud (0) Wuanlaain

Aa o ! |

M1519 NACA 91nA1939%38 ANB8aNions1dIu99AUNUIRBAIINEIIABDIA tiC ﬁ@léjf\]’m

NACA Series anliutiu AU (% aunsamuadlalngldanudunusanaldadu 300 NACA

D!

BREORS
V t2 V t2 t1

e (1) Wuarpununidnsdiunlndfanililily series  waz (t) Uudnsdiuasanse
PRINEIUAUNRUINABINNT
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a

1 v i i A 1 i 1
2. A1N1515£91811an VB BEULRAINUNUSNLaALAR (_V) WuaNeulalagnsaa1nnisa
3 3 V
f

NACA uinnzasd a1 Foil 9598 Camber siadns1d@iuved Chord (
C

j ATy series a1laifian

a

9ms1diu Camber Wenfiu Aduyseansussgaund Cp yuusvzaaund (o) dwedulszans

mc

luugiseus 9 Quarter-Chord LC
4

J WaY N1INTLANY (%) wONYLILUVUIALAY camber

scale factor (S.)

C

(f) of the actual foil
S —

o=
(fj of the NACA series
c

4
=Y | @ <

3. Tudumauil A1dnT1dU AUAY AI1ULST NLARINTY 1 wag 2 gnsauduiiednlunien
Cambered foil MiyuUenzgauad 3oy (+) udydnuaiiuanfsdiuuy uwazinsomuny

9
= 1 1

(-) Wudyanwalfuansisdiuan

Av,

4. Tutupoull AeIANUSITALTY ( j (additional load distribution) 3nLU&ag UL

Ugnzgnatwinils uansdagui (s-12) i1 Foil a3sldignsndiuanumuimiiu NACA series

A"a} Tu NACA
v

Y

o~ X Av P . . !
maamwm%amwmu [ aj ONVYIUAIUANUTZUY (mterpolatlng) VBDIAN [
\Y%

series MNUANUFUNUGH

) (o) |G

v

'
=

W3

ey 1 unudeya NACA dwsushmauaununilililu NACA series fiflantasnia
AMUNUIUDY foil 259

08 2 Wnu Foil 959

ey 3 unudaya NACA dnsudnsarunnununilinld NACA series filwgjninarumun
294 foil 934

1 & a a dﬁf . 14 o 1 a a1 o a 1%
AP8IANNLSIMLALAUTY NACA series lmgﬂmmmmﬂmmm NANANUTZANTIIYNTLNULUN
&

TUvean1sUszan satuazAadeunleniIsanalaannninasainaniuaal
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o—o C. -C,
S, = al or S, = C :
g Lg
=
e
1 v a Q‘ dl
C. = edudsednsusaenile
C, = fduuszansuseentugauni
- a £ Y 1 A i o o
C, = Adusedndusiends maam(\‘;a)ﬁmmml@
(@) = Agadene
o) = Awulznzgauad
(o) = Asuuenedmsvamidunluneussn

[

5. MINTZAWANUTIAIUY ke druarsiiyulzng gnAwialaeauduius asludl

Y

L))
UROECRSS

o Aoy U wnudiuuy way L wnudiua1sws Foil

<

6. MInsrargaUGulumenlivilgvesduUseansniudu Cp lognauinluisassiu

NACA Foil ﬁ‘wm‘amzqa D] 4-Digit Sections, 5-Digit Sections, 1-Series, 6-Series, 7-Series
1@ NACA 4 - Digit Sections @ansamuunalansil [ NACA 2415 1 1ng

MLATUIN (@Y 2) AININgATBRAULNILRAEY8Y Chord AniduiUasidudves
f
Chord | —max
C
Milaviias (18 4) ANFUWVLINNINEATY Camber (fne) AT 10 d3uves Chord
NNV
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5 7t 1 s a 4 13 t
Muargame (89 15) | danumungeanvesnedaanituedidudveachord (ﬂj
C

a1

Felunsaiiae [ NACA 2415 sections] fA1 camber 2% i 0.4 w84 chord 97nveuLn wag i
AUNUN 15 % Uad Chord

3.3 ngufieiunssen (Lifting Line Theory)
nsAwInde s dmsvlngaudanlidnd leeldnguives Prandtls Lifting Line
dwsuvedlvalidad uaz Lifnaunila Unazgndrasadudumanismyuiuies (A Single

bound vortex line) fis s % w93 Chord wag 1@esleafuuaunisiuaiu (Vortex Sheet) &
U7 (s-12)

Ul $-12 uans Model Ynshe Vortex [6]

a ag v ] oy ) = A
gﬂqumimzmaLLiqaﬂmamUﬂgﬂamysﬂ‘wmzmaLﬂmqima N1IAALUAILEAN® LUBIIINTUNII
svndaveln auyRlirinnuduves Vortex line Wumunisussunaeynsuyides

I(y)=T(0)=4sV) "~ A, sin(nb) (53)

AnuLiufifoInsvesnsnIzaedulszans A, dviusunssimun uagivuadouly Free
Stream amnsndunanldlasuszgndvouiniouluvesiiuia aunsildfufuguludouls
fhluresamslvafugusiinsanduiiuia dufulnaudfdeulugnussgndiivatsy uiidn
Span-Wise 1ngld Matching n1sluatuymvesiiuiia fsunsmnisinavesdn asdanviif
NasIMYRINUENETn drlinfida uaznslnafignsuniuuinasuinensivayuusny g
fiinlagnsnilenihwesnsivaan Trailing Vortex Sheet ﬁnﬂg‘dﬁ (§-13)
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SUT 913 wans yazmzuudn 6]

)
o = yulsng 3 4
0, = yulavesln
Wi = mmﬁaﬁgﬂmﬁmﬁﬂ% Trailing Vortex Sheet

n13n33918AU Vortex Tugn Trailing Sheet aziluilsidurainisiuasunlasmiuninudy
Y94 Vortex naanaie1iUn fladdunisndineansnesuieniuiduues Vortex Sheet aggnin
11ANDYNUSVDIVBUNTEANY Vortex

dI' =4sV, > nA, cos(nB) do (54)
n=1

NINNALRAEVRIFNUTEANSNISES A1,ALAs,... Munlalag
1. ¥w1eA1u5s Downwash fignindeaiuulnlag Trailing Sheet

17 nA,_ sin(n6)
W == =V 55
L4 J.S (y-v)) ; sin(0) >

Qad

2. ANUIUANENUTEANSUS N AN il Juilsrduvasnisluaanizyn
3. W15841 Bound Vortex Strength #isinuusuutn

2r
V,-c

G, =a0(oc2D—oc0)=

\ile
A, = Auduveansivusen | =L
oo

o) = yulsnzuseendugud

¢ = @WUsInNENIARIN
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Jomenlnuasunuyulsnzanizynagle
1
=—aV.c(a-a+6 -a,) (57)
2

wuen (1) wag (o) luneuvesnsuseauaunsyises Mndulateulvreugaing aunis
Usgnaumedudseananlinsiue war nivmauaudamasuiadavestn

iAn sin(ne)[sineJrn Z"C} = Z‘)C sin®(o+6, —a,) (58)
n=1 -8 -8

gymubilaen1sussgndaunsiisuui N dundsuutn 013038378 Cosine vudnaggnldiite
nsdugiunsnseelnanvesUniauyd Iuinvesdulsednsazgnlddmsumanaiaasgneios
onlvanvesUngunnlieglusuies duludiuiududssansnuinniiasasdiunfiatsan Nallua

a

RAgYDIFIUTEANT (A1,A2,A3,A4,....,An) Mlalag N1sanjUlaziun3ng dslunsallranveslng

Doy

AHANNINT dUUTEENT (A2, A4 As,....) %Lﬁuqué Lag @NUNT0FADBNAINAIUIN ANFUUIEENS
wssendmsulnfiyuisngaslaunainnsduingg naenldnuein1snszany Vortex

+S
L=pV, [ Tdy (59)
-S

et C, =n-AR-A, ilo AR Wudndruvesdn
AnuEduvefigninienhiduniidnleg aansodmnaanduvesranuulningu
A1 s nvatenislaanzgnarannsnmld fidunavesnislva Downwash @ finseyin
Tnemssiunnmesvosusseniinyuduiuslnensefuiinnszuadass nnwmosussnaNIzyngn
yumuiazeliAnusswuanussen lnensduiitnsadiuuszneuvesdulssanusienusdaz

a

wihdanaenaueUn eduuszans Induced Drag @nsnsavnlé
+S
D, =pV, | Tsin(a)dy (60)
-S

v
Y 3

Ay Cy, =nARZ(nAfI) TayanliwiueufgItuAduUseansivlumug faunse
anasaInnged] Lifting Line dlon1snszaneussenlaiilunisnszargniuissnsumus % veq
Chord

S a a v IS [ a o g-/’ =< a
nIlvedlnansunses (Luufiaw) : S13Uuuuveslniduzunses diiudsaiunsoauyinis
= & 5o a o &
nszelanuutniduilsiduzunse dadl
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['(y)=4sV, A, sin0=Tsin(6) (61)
TunsaltaunisdeulvveukuumedMluazUsenautiewd 1 A2UsiiinsIual A1ANULYLUDY

Vortex e Wing Root walaas?iluueuvssaunisiihlumaineudngs dumsudulszans
WIEN ey AENUTEENTS Induced Drag

oC, _ a, 62)
oo a,
1+
( n-ARj
2
CDi - CL
n-AR
Oy(2p) = Otz (63)
3.4 wquﬁﬁuﬁuman (Lifting Surface Theory)
2
(Y ! b IS LY ISP ¥ (4 =
gnsd | AR =—=— | vaUnludnsiiduin uagin Rake uay Skew 1lueud (3o

c
L4 a . . . = aa o ofy e . Yal o v
Wossn) ngwd Lifting Line fAnuninzay 35n13Auinves Lifting Line azldlannuluiiu
A a = o 1 Ao 1 1 < 1 1 [y

YoATeIdY PeilzUselunsadansidiu AR un agralsiniy e1aliuaiunse (exactly) Auly
dN3430 AU Ngud Lifting Surface Theory 9siAMUTULDULINNIINNETIUY

lungud) Lifting Surface Theory #ununldfivludnsise Inguriasaudiazgluniunss
(exactly) MA8NNT18UNTUTNTILANNUAAIUNBUVDINITNTEANBYDY  Camber AUNUIN

P = (% 1% a . Ao Il 12 & & =1
aumsiilameuiuduaie (Mean Line) Nfluneil udfiduiugiu (Based on) Tun1siugulass

IN

3.4.1 Boundary Element Methods

Boundary Element Method %3e7ii3enin “Panel Methods” Lﬁﬁ%ﬂ’ﬁﬁgﬂﬁwm
Tne Hess and Smith (1967) luisnsiRanthwestnludnsuaznuioRiaes foil axgnadutedie
Fruauvesiuiiiadmdsudng Ainnsnszats Source way Doublet fiiiAnAsil usmaum
1% Vortex Sheet #ignuuafuusiuidng finszans Doublet Asil Insrnnsnszatsaaduves
Source Wag Doublet wanldainnisuAdiammeiveu (Boundary value problem) fiusiazqn
muay Fudusumsuuiuingng Tneunidgmaslidudadufufmumunieyusne
doluifinsanyfruiavessaumani Tumanssfudiuds Panel Method  a¢ldinanlunns
AwtlunIdivessunssanulia (Wu ludnsise) Suuwesiiuingng fesfiutuegraummaidle
Wieuriunsal Foil Tunguiduusaen
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4. Iws9a1n7e (Cavitation)

TnsaenA (Cavitation) e Usingnisaimsnamansuasivaily fanunsoifaiuléiiloves
lnafiegseu nalnflamisailfiAinanuduanas uaz nsfuudsvesanuiiluvesiva
fhegnadu tuh feviu Tudng delwssenmeiiniu vesvaiazdsumannvesivanaiedu
1%?Lmﬁmﬂmaﬁﬁmmﬁuamaqasmmné’w,ﬁaqmﬂmmL%’;ﬁ?’iqﬁu (u usadangludng)
Fednuwazmsnaneifulovesvedlva uteenls 2 viln fe

1. nszvauntsinanadulelaeviiliifugamail (mssuliidion)
2. manaeduloilesainanmnufuanauilogamgiinsivieionit nmsdundu (Cold
Boiling) lunsdiiisundn Cavitation (Insse1ne)
nszvuMsFBuaun s Rnlnsse Aty axduogifuaruavduenindng dauiin
fidunanvesonAegdruiuann Wennuduanas enmafazuenssnanvesinananedulng
91MAfignYBInNLfugInIngavesnuiule (Vapor Pressure) Usingmsaifingunasennie
Enq Pldanansansadiulddenndan Tnedidnvarmsianesiidvunsedu nuclei s g
wlosenmemariaenosudulnssenne
Faulnssornidaiunsalfu “Vaporous” w3 “Gaseous” fild nisureiifiensvziin
Usngnisaitundeniuild Welnssormeidadesiuluvesiva asiildwgiinssunisinaves
vodlvaAsunUasdsnalvifnanududewioty

4.1 NMSWAILNYRIINTI8N1A (Developed of Cavitation)

Euler T#namisermudululdlunaislnssorniadmiunisesniuuiaiun ud
A.f. 1754 sioulud a.e. 1873 Reynolds  Midsuunaiiunats s unainy nanfuadessus
dmsuudeduiifuedosinslotuuy screw wagldthiauenguivasinssenmauduiisindy
Tunnutl deniulud a.a. 1893 Bamaby IdAnvidnuaraudfiiingaduda 27 knots veq
30 Torpedo il#¥uaudems iy Parsons Idassanaaeulnssenmadunionsnyes
Tan dwsuAnvidanausingnsallu Model waznagouludnsiiunldesnuuudniulotusnves
Tan Bond1 “Turvinia” Tud A.e. 1895 Gardomaaouiidsnsgnifvinyinardnnansdt ffisiost
09 Newcastle Uszinasangu sioxn Parsons Iéassyemageuuinelvgludn 15 Jsioun daan
ansnsanaaeuluinsvuaduhugudnats 12 1 Gaglusdihuuslvglldgnasietuluglsy was
auisnlugal a.A. 1920 - 1939

4.2 M3GUHlNsI0INA (The Initial Stage of Cavitation)

NTEUIUNISTUNISAALNTIDINIA LS8N “Cavitation  Inception” dwiulusans
anunsanusenunaduiile (anufsiafiiduav) lneusirainnisiialnssernie Weulvda;
<
a

=
Y7
ylilinssuanzassuIINMsLandvedlianavesdt luanizilagyilviinnguvleadng
138071 “nuclei” &3 nuclei Tnihflazdusgivanmuindeusauy
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dusuluimeziaazdl Nuclei ARTUNRaNY9) 3UIR @195UNITL5IANLINTIDNIA AR
AULSILAA “Inception Pressure” azdainduanuaulevesimeia agnalsinulusyavaina
n3tin nuclei azmely lngunfRaianuiusuinagiindiniiauiule Jemnusulediduis

dAgdmsunsainaluwanagey
fsanaNuAuign “A” vunthdn Foil 2 17 Negluredlvanifinnuds AU (s-14)

JUN 9-14 uana wihdn Foil 2 BRluveslnanifniusy [6]

lnedieny Cavitation Inception 9130 “A” fig

P,-P, _P,-P
P, <P, so 10 A > 10 v (64)
- V2 - V2
2p Zp
MG
Po = aywsuvesesivadilignsuniu (Undisturbed fluid pressure)
Vo = anusivemesiafilignsunau (Undisturbed fluid velocity)
Pa = anwduiign A sudunislua (Streamline)
Va = anudanign A sudunisiva (Streamline)

aWeulugUauns Bernoulli ald

1 1
PO+5pV2 =P, +5pV§

P,—P, :%p(Vj—Vz) (65)

LNUAIALNIS AEle
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1 2 2
P, - P, 290@“')_ég P, P, o)
1 2 B 1 2 B q 1 2
—pV —pV vV
2P 2p 2P
il
s = A1 Cavitaion Number
Cp = mduuszansanusulsvuie
Fatuagle
P.—-P
c= 10 A
- V2
2P
ali
G, = AP 67)
q

Tuaunns (66) A (Po) A ATHATINVBIANUAUEDA (P) WAZANUAUUTTEINE (P,) bU

_P,-P, _P+P-P

o= 7 (68)
- VZ - V2
2p 2p
Lﬁ@; P, =pgh
AP
ey, o < —
q

d‘ 1 =} 1 d‘ (;.’JI o '3 1 1 o U
MINAUNISH (68) A1 (o) ABANAIT INSIZaEULIIENNTaMTUANg NN BE 191 ed M TULNTS
21nA laga1deAn Cavitation Number (o) kagAn1snszaneaIusy (Cp)

v AP a
o < — zAAlnsIeINA
q

01 Dy =Dy = o hiifnlnsaannie

oy < 0.65 dmiuiseuseian Bulk Carriers wag Tankers

o, <0.74 dmiuiseusznn Containers



164

4.3 Namaaagmlzmviaiwsqmmﬂ (Effect of Angle of Attack on Cavitation)

%

WeaNa13a Foil 2 Tf way ATIUABUNITNTEINUANAUTOUY Word NUUeL Uy
Ugne (o) veanishua

4.3.1 qmﬂzwzﬁlﬂumn (Attack angle at the Positive)

Weyuugnziluvinazneliinlngse1nie uSnasIumnawes Foil Asuusum
Aagunt (s-15)

JUN 9-15 wans yudznziduuine]

4.3.2 quﬂzmﬁl,‘f]uau (Attack Angle at the Negative)
W o <0 ANSIDINIAILLAAUSIUNAIUNTN Foil (Pressure Side) 11NN31A1UNAS
(Suction Side) TunsdlyuleneMTuuindsgui (3-16)
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JUN 9-.16 wans uuvznziduau [6]

433 quﬂzwzﬁtﬂugué (Zero of Attack Angle)

NSAALNTIDINIAILAAUTIAAUNATANUUIEIERYeY Foil Aeuldsuving

4.3.4 TwssamAurluans (Cavitation on the Propeller Blade)

ludnsaunsaleueglugudiudseneuniinda Foil 2 5 useen (L) vuluwsagni
SnAUIULANNNITBUTLNTAAILAU (AP) ANUADIAVDILFARZUUNAA LIIDNANUINITNTLINUA?

L% AP 1 174 4 1 1 U U 1
UVDNATIIUAU [— GI’H,J'E‘US'NLEI‘LJI?]\‘1“{]1’]&‘1/\]8EJE%r ma']miaﬁqmﬂmmmamwuésxmmLmsJﬂ
q

(MsBuiinsaauiriivasludnsmuunuradluinsme usawaniils) waznisnen1sialnsseiniea
szdunalaindenisnszaremunuluau wazlifnauaunseisgendian Cavitation Number

(o) nssomienaznesuinlu
91N3UN (3-16) yuuzne (o) ansasinyudznzulaenisiiiunnusiseu (m wazliny

< 14 A = < ~ X 1 1 a
ALY (Vo) Tvnaf EUV] (9-17) LLﬁﬂﬂNﬁﬁ]']ﬂﬂ?’]ﬂJL’i’JiE]‘ULWJJSUU?NNaG]@gULL‘U‘Uﬂ’]ﬁLﬂ@IWﬁEN

’E]’]ﬂ’lﬁﬁﬂ??ﬂL%’Ji@ULL@ﬂﬁhﬂﬁu
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JUN 9-17 wand DNRBTLSY wazyulng [6]

4.4 wiinvaslnssoniAren1snagauluing
wiinvadlnseena uunnusiusuuludng LLazmiLﬁ@U'ﬁmgmizﬁ
4.4.1 sundsuuludng (Depending Upon Location on the Blade)

- Inssomieianasly (o> 0)

- Inssonmaianasluaeulud19nds Trailing Edge (T.E.)
- Tnseoneianuily

4.4.2 nMEMWAAaTUAUNISAAUIINGN190lva9INT98In1A (Physical Appearance of

Cavitation)

Inssaniavuludnsagiintunigiunaieq sUuuuy lnefiuseinnvedngsenie
LLUUGi’N"‘]ﬁQﬁ Tip and Hub Vortex Cavitation, Sheet Cavitation, Bubble Cavitation, Root

Cavitation, Propeller-Hull Vortex Cavitation, Unsteady Sheet Cavitation (Cloud Cavitation)

4.4.3 Tip and Hub Vortex Cavitation
Tn5981ARUY Tip & Hub Vortex Cavitation 9ziiin o fisumisuanslu waglau
nuvedludng FauAnarnmsluansuau (Vortices) dermusuusnaduanas wasdelafinud
ansndnausiule (Vapor Pressure) Insseannifann Vortex fazrafiu
Tip Vortex Cavitation agifiulauinarsulusmundsesuarsludnsetaayliiin
vulansly uddrArmnuduves Vortex ity waznnsvivanuuluifindu viedwwasion
Cavitation Number anas agiillnssenniadeunaulumuntmisiiauuvangluinsle
Hub Vortex Cavitation LﬁmmmsmusuaquLLaﬁnuLaww3a"sui7iaé’maaﬂmﬂ
muiludng s Vortex wianilaglsiniioudu Cavity n1elddvBnaveamssandndeiudugunss
n3eusnaunuludnsilndugesiuiuves Vortex Tdiunszause Cavity
delnssernimmaniingu daNaUIINN1INVRLNTIOINIANAN1IEAIAT A2
anunsaiudu “Rope” ﬁLﬁuLﬁiu%ﬂﬁﬂqm Uanelu ﬁ’qﬁ?uiwsqmmﬂ%ﬁmﬁam%ﬁwmmL?iama
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AOMLADTNAILUINT NDANANISARNTBUUUMLEDLA Feanursananaedla tnanisigluinsg
WUU Propeller Boss Cap Fins (PBCF)

4.4.4 Sheet Cavitation

Sheet Cavitation Lﬁm%{uLﬁaﬂ”ﬁmzmammé’fuﬁmmLLmﬂsi’msuaaﬂ’;mé'fuqa uay
nsluainnsinauendundslu Usnaweuih Leading Edee (LE) vasdludns Lﬁaymﬂsmlﬂu
van lunesatutudmtidaluinnuegluduniaulsnsduau Sheet Cavitation 94
AuUnRTNluLNY Sheet Cavitation %UﬁfmgLﬁaU%nmmauﬁw Leading Edge (L.E.) flnusuansh
nimsiule (C, > o) 3 Sheet Cavity Aoudnaazegluaniizawi usogslsAmufionaas
furstasorsazegluannzlineild dmsuludnsdilisnusisdeanisasly Sheet Cavity Aoee
WANANNUUSLIA Tip Vortex

4.4.5 Bubble Cavitation

Bubble Cavitation luifesduiinaindvsnaveinisnszatennudufimmusiu
anasusasnarsluvemiings é’aﬁ?umsmmamwdw Camber line ka¥ Section Thickness
flunumneliiin Bubble Cavitation fiustareums et dmsuludnsiifinindaianag
w1 uazvhaueglutisuuynzdesienaazneliiin Bubble Cavitation 1 Fsudtinilnalauly
gosludnsiusuiinly fufideuinsidnaeiinusilufiavdosfinidaiinumunuiniitewia
AT

4.4.6 Root Cavitation

Inssormasiintazinuinalauluiifsusadunsinu fewinaduuures
annsaLAnlnsenAuTiaveuth uifie1aaeSuiauuluild §9 Root Cavitation awdumus
Tnemsssian Horse Shoe vortex fifetuusnadauluvieusinaina 3o LANIINYNB 89U
WA WazNAdIN Wake Shadow Effect fiflounaintiessesiuinan wieuuis ‘vﬁa?}uﬂ Faauns
wiilganludnsuuuuSuyudivle (CPP)

4.4.7 Propeller-Hull Vortex Cavitation (PHV)

Propeller-Hull Vortex Cavitation (PHV) Lﬁuﬁﬂg‘ﬂLLUUSU@QIWNmmmﬁlﬁﬁﬂ'15
srea1ulutg a.e. 1970 Tne InssoniaUToumiioutu “Arching” Minain Cavitating Vortex
sewiatanslunasinvesiaiie Fueriweanslunasinveaioludiud Ay fiarliian Tnss
917

Propeller-Hull Vortex Cavitation (PHV) fifesaiiieanainnisinafitulauuiiom
Tnéfase Fuillesainnisuvyuvedludng) fvesluaneiowgauandusenyuunsidne relv
\Ju Vortex ﬁmﬂiﬁﬁﬂﬂqjmmﬁm Propeller-Hull Vortex Cavitation (PHV) Usznaunae



168

s
a

duuseaAnsyante, ArtesineseninaUanglududaidisedey, JUnsawasseanuuusiaumile
Tudng

4.4.8 Unsteady Sheet (Cloud) Cavitation

Cloud Cavitation UnRagnumndaanniiiy Steady Sheet Cavities AvuILUY wagiin
mslwaueniine Tiia Vortex angadiinlnssenniadne Inssennawuuilagysingadienuen
w38 W MUaAn

4.5 wavaslnssaniAuuluing (Cavitation Effect on the Propeller Blade)

Usingnisadlnssonnieindulavane s dauvesansendinnuduanmadiaaianizly
[ A & 1 1 Y a ~ a a LY [ dl'
dnsmduwnasnaliinlnsternia iWeawnannisianisiaesuilasaiusuuuludng Welns
91MAinTuITVUREYUN TV I8 VR ULURLaEANTNTUTINE danadaludn sl aussauzanas

ANSNALELY NSEUATIIDU NN1SANNTBU

08¢

Propelier 4383, skew=72"

Experiment (wetted)
Experiment (cavitating)

5UN 9-18 Inssomiadenasiaaussaugludngle]

4.5.1 dussauzanad (Performance Breakdown)

TN59971n7ANAAUNAILULTUINS LU AN AFBLTINAN N93INITLAALNTIDINIAIIUIY
wowe Wuadourhlvintdnludnsiimulaufistunasdwmaliduswdnifindiu d1lwseennia
WRTUUTEUI 20-25% UDINUNIUILFINAADATLIINGN BAY LIIUAITANAT ATLTINANILTANAY
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snniussindsdsmaliussansnmanas Tuinsdldnuegiiluasfongfnssuuuuiitos iile
msvhaumesludnseglutismnuiiseun uaziinnssinanuululigs egslsAnmdniuludng
#5ulnanuing uaziininusisougs naaninssenirazinadoaussauzvesluing wu 5o
Anu§Ige 1F0a1ngs 3elasans e 1udu luniseenuuuludnsuaiiosaninssenniafgn
wandlunstnl Kr, Ko wa (n) simegne fagui (s-18)

4.5.2 #8149 (Noise)

<

Foudususmisiidunaaniaieaing Gedsiuminarsidaveu @mﬁﬂwmzﬁlﬂ
nszdulialaBudes uasnadiistududsiislddesnslurasien BesfiAaannsieau
Yo30aNTANENDBNLI 2 WIN Ao

- Fpasumuiliinanszuuredie wWu gunsalineg uay eulszdide
- #psiunsoanly FufnaniFe was nszaneludigeduivinsesnluaniie

NATUNFDINLANAINTTUVIDNTD A LEHBIAINTIAUY 28UTZNOUMIY 3 UNEINENY TIdURUGHD
9

' '
a

w3esdns ludns uasidesainnisiva vunanadeaunant desnnludnsdedudiuiiddyiian
fianangunsadlsii

1. mawedouiivenhifluunuilugng

2. AVIUUANANYBIANUAUTENINNITNN kA suALauvestudng

3. MIwANAMIBg 1 UNaUTas Inssana(Cavity) Wese1n1e(Bubble) vsonsvauIn(Vortex)

4. msfuuusiduraee ves Inseenie(Cavity)
firsananduunasiiuldindesnn 2 fousntu nisluadsliiifn Cavitation du 2 dagavie
899210970 Cavitation  snzaviulagunddssannludngsiilazanan Non-Cavitating,
Cavitating A9 NMAANTIUNNSIAR Cavitation Baid8991n Cavitation 819azgnaidlassin
#1949 U89 Cavitation 19U MNNNTAREURIVEINBI81NA (Bubble) 370 Sheet Cavitation ua
910 Tip Vortex Cavitation eanusiuntsusnsou Insserne Suiiatu ndmndisaanduy
AuuAnereInLiusEIely way neuenvzanas AnturlineSuinnisuanda
owodnsioniaianisuanslugasiasindu Shock Wave waziimdudssty Snifenislu
Fumsisuinlnssene fflnavesdss wudieaty

4.5.3 nsdu (Vibration)

Sheet Cavitation vuludnsaunsafiszauasudalng weRNTIUNNIAMAATIULAR
MnUsIAsIngueste flasanannsiuuUsvesnusy fiviseuives BR Inoaudmeanil
ogtsmushiniar iy nstundsemadudisanuenieduiiuin fududsdienududasy
semuaunsasen1ssafldvenisiue duiu anuduseu Tudng way duiededinng
LﬂﬁauLLanaQLWaﬁ’;aﬂmauﬁamaq “Compressibility” ¥8478¢lva Lenu131n “Cavitation
induced pressure fluctuations” WLl “cavitation induced noise” \Wansfives Cavitation 7
Aaainanuiudaase “Hull  vibrations” ennsduiiazuanseanausuiilnanlulng
Usianlngio1na azifiuanudu (Slope) venud fasinluaiuandisuaginnud s
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30 Jednvarnsdurasmui o fatwdsuuludng mm@fumﬂiwmmmmmﬁmgqsﬁu way
anasuuiilag vesdrside Tunanfieatu (in phase) luvaedinududiosnldiiinssoinie
vashunasadiite Weluinsmuyhanu msduasiouiifisussaunannsoanasilag

- INNSERALUUMUINELSE wazludng

- WasuAud (Anudlaesssuef) Uhaswinede
Tudundsdenannisduaziiiowluudinauau nadiuuiniinsndnidesnisdulaenisvinli
Wake Slamuashiane Tnenissaudasudnasuiiess mssenuuuvesludnsinsifioanuasin
nsaenmarinlalag

- Svumrunentlulingty Tnsemyusnalaely

~ i Skew (aulAandslu)

- annsidesluaunt (Pitch Toward) ushiuuanglu wiselnuanglulisuluan

4.5.4 n15nANsau (Erosion)
a I3 A a @& ~ A v v

st eluvasluallunssulunsinmsIuan Wevesadaudnentulu
NuRAususinIluvedlna fuazvsedsgradivaznanususuludilndduamnuduladisle
mﬂiwwmmﬂﬁummﬁ’uﬁqmdﬂ NoILANVUINAILAAINUAUNBTUTIAWLYINLAL NAI91N29
SrEEIaNEUY WesazanvuIndnuIn LagAmuRsRlasila ity dwald Cavity uandalea Wie
a o Yy v oa ) ] Y a = A a i . = & =
Wansuanaalnae Auialudng aznelminamudenis Msendn Erosion  Fadunalnnisdn
nsounena tnediveilosann Micro Jet Effect, Shock Wave nsagviaunauuaanas n1suansy
YOINGULANDUEN®

4.5.5 NMSRATUNINTIDINIAFINSUNITIDNUUY

AeuNauYes Parsons Barnaby and Thomeycroft visludiuvedluna wazludns
Y1931 annsoasuléin Cavitation AAnduuuniuaendsly uamgliussdnanasesng
1N way @INIOLaEeNIiAn Cavitation I8 Tnensiiuiuiiunludng 3amsitldsunisiauni
FuWusHU Mean Thrust siefiufiunlufifesnts endenmssitadidulsyansusawdn (A Limiting
Thrust Loading Coefficient) #sl 2 35 fil#3uanudionunniian Ae Fsamnlae Burrill uay
Keller

4.5.5.1 dun15 Burrill

Wilwunzdmsuludnsnuiugaluldle Tudnsmag U iaunleg Burill 38013
= \/L 1% | A o a £ 1Y) a o _(T/AP)
Ao 9nleeginsudeuu A1 (1) AeAduuseansnisenisudn uaslidwindu 1o =——2
dr

dlo:
T - usewdn
Ar — fuiinmanevedudng
O = ewsulaundingfisail r-07R
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Y 1 %
waglyiavinnu

1

qr = EpVé (69)

Vi A8 A1AUSNsAT £ = 0.7R wag dawviniy

V, = \/V; +[2nN(0.7R)] (70)

- Eﬁ”

s iy ——— o —

5UN 9-19 uana VNWBIAINSET [6]

A1 Cavitation Number (o) HAwinfiu

oy = (71)

o
o
Il

AYIUAUADATILUILNULINEN
e =amnuaule (3o Py)

Tnglutunaunisldlaozunsuves Burrill T810UT8al A1 (o ) gnAwInLaEA0Y (1) 81Ul

A (o, ) 3nlavzunsy waziunnmaievasludnsaiunsaanle lunislauivesen

Expanded Area a1nitufinamans Burrill lovinnsmeannuduiusainnisnaass Jeidenndoaiu
aamsuludnsulailuly azla
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Ay - (72)
(1 .067-0.229 j
D

A

R

E

dleUssanaen A, ~ A, fatiu Expanded Blade Area Ratio (EAR) fiAnuinfu

2 __DE (73)

& 1 & Ado P . & A a ° ~ A A
GZNﬂ']WUVWlﬂ’]U'Jm‘l@IQWﬂ‘l@I@zLLﬂilPU@Q Burrill Q3LﬂUQqWUNQGU@ﬂiUm’]E‘j@l‘ma’]m’ﬁa%aﬂLﬁEN{jQJ,VT']
Cavitation 1@

4.5.5.2 dun1s Keller

NNSUSELNUN U UINSNUSEUUAeY Keller A

A _ (1.3+O.SZ)-2T LK )
A, | (P,—-Py)-D

e

Po = mmnmé’uaﬁmﬁmumm CL 8uuae [ Pa]

Py = avudule fwie [ Pal(~ 1700 N/m)

T = uswdn duuae [N ]

Z = 3wl

D = duduaudnarsludng e [ m ]

1ag A1 K ﬁwmsﬁwzsﬁuagﬁ’uﬁwmﬂu wae vlaveuosl
K = 02dwiudoludnsie

K = 0.1 dwmiuisedum (udnse)

K

0.0 dmsuieisa (ludnse)

dois Burrill uay Keller anunsahlulddmsunisesnuuuiiormuaiiuiludnslalunsd
Juq nsamzdmiudodn war Beun 334 war Fimsdszinady srldinanmsimsing
Cavitation gslsAimudnsudovualvgazlaanmsiasgianiuea lnedsn15inseinig
Cavitation  az1flumsiiagsinisnszaeanufusouludng wazsjsgnisiiasizinigsuin
Cavitation
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4.5.5.3 Cavitation Bucket Diagrams

dmdumseenuuuniidaludnsianuszasdfiazld Cavitation bucket diagram

unfinnsanfievselevideniseenuuy ielduaniauusengiives Cavitation vesludnslu
4189 2 §f F98nuaIzUes Cavitation bucket diagram FaukunIwdlFuansauduiusa
gz (o) afn Cavitation number (o) agslsfinumansiiasfuraslaezunsuiliusulss oy
i1 (o) anansounulddomduyszansuseon (C) wag (o) wnuseduuszansanudulios
fian (Cp) Bsarnlaezunsy annsoutseeniy 4 dru Tavanunsossylded

- fluiiitlsiiin Cavitation agnely Bucket

- fundsileginuuen Bucket

- Bubble Cavitation Viagjﬁmuaﬂ Bucket

- Face Cavitation ﬁagéfmuaﬂ Bucket
ANuNTIves Bucket A srvszmineunivemthdailiiin Cavitation vauziiusylow
dm3unsoanuuy Bucket diagram atuagiy 2 iR Anwuenislvaiou uavansosiili
dilafisluiufiudnauesmsiva 3 37 dedratu Uinauanslu warlauly

4.6 n15UsINUIWsIBINA
4.6.1 Fouling

ludnsazesegluannliinglasuunzuuludng wasusrainsessesunis uag Ll
finsyadia Fouling \uammiilsszansnmluinsanas uazdedaamaliiAn Cavitation 8n
fe nszviasessentdn Suduamaliiiin Cavitation 9a1dng Jsazdwwasenisiinidoauaznns
dnvidouululd Tunsrmadelsiniulsed uasianuavereludnsedisadnauefansaan
dvswaves Fouling 19

4.6.2 Speed

A o & a a . . Y A o & 2
1SoNAIAITIAINNTOSEULAR Cavitation Lalllaini1ut57 Tnalanizai1usy
Usiaatslu wdisemsasldnulumnui$isiniinisisuiia Cavitation

4.6.3 Thrust

dmsuinfiannusage wswanliasaziindueg 195 udorninsiiuAmsINIg
asziaun1samiuaduUsEANSLImEn (Cp) wansliiiudiusamanga NAusused ns
WnAuseuludng a1 (Cr) azdsnane Cavitation

4.6.4 Pitch
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nsUsuyuiiwesludnssemenisaees) Wurseanyulu Jadunismiugunisingu
Yasszuutuadou nsmivauludnsniadwmadeniselvanuuludnsgadu vilviillenaiin
Cavitation &

4.6.5 Depth

A1 Cavitation (Huilasduiumauduadn n1siiuAinuiuadn (A uan) 9zan
A54An Cavitation 1¢ dmsuidesninaudnaziinaves Cavitation sen1syineudusgienn
dlevnuegluthniifiu mauduainazanas way Cavitation asAntsfianuiaseuludnglal
untindeihlRldrusmdntiosas uidrAmuanifiutudiwadennuduaaniiuay uazagyiild

Cavitation Wiat1ad fatiu 1Samunsaunsaiuaussevvadludnsle Tnenluiin Cavitation

5. n1seanuuuludnsi3a (Propeller Design)

mseenuuuludnsiFeileldmdsdudesgauazliussaniaimuinan e Cavitation fge
uaziinnsduasiiteusioifetiosan antaguszasddanddesiidunouniseanuuudell Basic
Design, Wake Adaptation, Design Analysis

1. Basic Desien : 91#&33n157mnaad (semi-empirical method) Wi n1sldnsanuanis
VPa83 Lazka Cavitation vaaluaaludnsunsgiu wazldngul Simple Beam Theory, Stress
Prediction, Diameter, Pitch, Blade Surface Area iag Weight of Propeller 1R

2. Wake Adaptation : BT UNOUNNTIATIEY LTU 9IRS Lifting Line Methods,
Simple Blade Section Design Method Ima%’umau%ﬂ Basic Design azvinl¥in1seenuuuy
auugal Wzl Pitch Distribution WAy Sectional Blade Shape fiiitsufunislwauuu Non-
Uniform Axial Wake Flow sianisivaldauassvesluing

3. Design Analysis: efEunouMT AT zRRTUTeuInTY Wy 1438 Lifting Surface Based
Methods lagn13eenuwuy Optimize AATIEHRNIU 3-D Wake a1n15iaT1gsiuandlmsiuiilyl
aonAdoafuiteulunsldauans Cavitation Hull Pressure usauazltuuiuuman JUs1avthdn
Tuagsifiunisuwuu Trial and Error audgymaenadasiudouls

5.1 Wugrun1seanwuuluinsg (Propeller Design Basic)

AfAeITeInun1TeenwuUludInsazUsEnounle Power, Rotational Speed, Ship Speed
aueiiazgnidendmiuluniseeniuuguinaveduing

5.1.1 N15USTUIUAUAUKASHIIAIU (Resistance and Power Estimation)

Tngluiivendevsivuaindedesnisiinuinadslusasldiu (Service
Condition) wilvs ludeulunsléiFefiannzussynidiy uazeduaumsziauunans Tdududs
Vearice 0 VUNARELATRUARARS 1T adudusegnsluniseenuuuresde High speed Tu
a1 Trial Condition (IneUsnAeaziunusmnliiisn) A Vi o Afidstulag
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Vo = Voo, +8V (75)

Service

OV = fa anusiiiinduduiliounainddiseliazenn, an1nspdungunss way nadus)

Taeluagiiandszanm 1 Knots nelddeuluniseanuuuindesnisauisvinlus Vi 7
MEnuATasEuAUsTII 85% 189 Maximurm continuous power or Rating (MCR) tnanelé
Foulussnanaussiumu (R) uay Adueiosoud (P rsmnniadmun aseunquauiia
Viial, Vservice 3Us2300A10g 1138150038 v3atayan1eada vsetoyadnnismaass a1 (Pp)
Ao dumdessudideuly Trial Condition Afndua3eseudluaning Service condition
(PE service) 38MUIULAIINGUNNT

P,

E,Service

= (1+ X)PE,Trial (76)
W, (14x) = ANenzLa (Sea Margin)
° Y] v a a &£ A =~ .
AUSUAMUATUNIUYRWIBILLANTUIABUSEU 10% %58 20% LUaN1ILLRAEvd Service

condition YIANNENINZLALLDIINNAIIATUNIUIINAEUBN (Extra Resistance) suULiad1191n
ANMUANUIAUURISD UULUTNS 19991nNdnNEn1amzla wazan1izaauadlunga
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ansuANLanIe (Nomenclature)

(4 ¢

12lpld0] FANN
. anunisdnlusnsiade
a Angle of attack (uUzve), rad
0 Blade position (yuUnludns) , rad
p Density (UMW) |, ke/m’
n Efficiency of a propeller (Usz@nsnwaasluingise)
B Hydrodynamic pitch angle (Qmﬁ%ﬂﬂ) , rad
\% Kinematic viscosity (Anuuiinaail) m’/sec
oo Cavitation index (ANlW339IN1A 939 ATIVULNTIDINA)

Zero lift angle of a blade section (G?WLmﬁmmﬂﬁ@uésuawﬁwﬁw

o Ynludng) , rad
Bi Induced Hydrodynamic pitch angle (guﬂsﬁ'ﬁjﬂ‘ﬁﬁ) , rad
By Pitch angle of a blade section (yuvamiAaUnludng) , rad
o, Pitch angle of blade section (ufiwvamifindnludng) , rad
A Pitch diameter ratio (8ns1aunivluing)
c Chord length of blade section (AunIswesmAnUnluINg) , m
Co Drag coefficient of a profile (ﬁuﬂszﬁwéuiamﬂmaagﬂLﬁuiauuaﬂ)
Ce Friction coefficient of a plate (FuUszansanuilavesszun)
D Diameter of propeller (Lﬁusi’lu@usiﬂa’lﬂuﬁﬂi) , m
Dy whushaudnansguludng
EAR{% Fxpanded area ratio (Sasanileinanundnludng)

p
F Lﬁaﬁ'ﬂﬂﬂaﬂ%aﬂiﬂﬁﬂﬁ
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itiD Ani
f Camber (@uldsyuludnsananisnansspiludnsisanetnludng
Fo definduunludng
Fp defianenludns
g Acceleration of gravity (Aangaltiugns) , m/sec”
H aveasludng
h Immersion of propeller shaft (iwzﬁmﬁ%waﬂuﬁjﬂi) , M
J- LnV—DJ Advance ratio (§n5152119m1)
Kq—[#J Torque coefficient (Fuseavsusedn)
k-s Equivalent sand roughness, m
Kt—(pn-!-D4J Thrust coefficient (§uUszansuswan)
L Lift of a blade section MudaUnNen) , N
Ly Nozzle length, m
n Number of propeller revolutions, sec
P Pitch of Propeller (Waludng) , m
Py Atmospheric pressure (ANNALUTIEINA) N/m’
Pp Delivered power at propeller (L39NUTNN9LED) , KWh
Py Vapor pressure (A1uaule) N/m’
R Outer radius of propeller, m
r Radius of blade section (SeEdivtngndnludns) , m
R, Reynolds number (ALsTuatiiiues)
rpm Rotation rate per minute, min
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Aatie AN

t Thickness of a blade section (AUNUINTNAAUNLUTAS) , M

te aavUnludnsiimadludng

v, Advance velocity of the propeller (As5aAMInvesludng ,
m/sec

v, Resulting inflow vetocityilof a blade section (WaA113t5IN5kMa
weundnUnludng) , Sec

v, Tangential inflow velocity of a blade section (Assansiva
AUEEURINAAUNLUINS) , m/sec

X Axis along propeller shaft in forward direction

XRr AMNEUTRIUNlUTNS

Z Number of blades of a propeller (@1uutnludng)

A Area (Huil)

Ap Expanded area of one blade (ﬁuﬁﬂgLLuu%ﬂUﬂ'ﬂ)

Ap Developed blade area (ilefinauuuiinludns)

Ag Expanded blade area (#efignoantnludns)

Ao Area of screw disc. (ﬁuﬁﬁumu@uéﬂmﬂu%’m)

Ap Projected blade area ratio. (Snsduiiofinay)

As=ast. Area of cylindrical blade section (square inches)

a Axial inflow factor

a Axial induced velocity factor

a Angular inflow factor

@ Tangential induced velocity factor

44,

Expanded area ratio of one blade
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(4 4

Ao Ann
4
5y = izz Expanded area ratio of one blade (boss diameter ratio 0.2)
D
4
a, = ng’;’ Developed blade area ratio
4
a, = Af Expanded blade area ratio
D
4A;, : : .
A2 = Expanded blade area ratio (boss diameter ratio 0.2)
4
a, = A§ Projected blade area ratio
D
a =B .
ST Blade section area factor
B Number of blades
Bum Maximum blade width
Bm Mean blade width
- I [SDHP P ffici HP
PV sy ower Coefficient (DHP)
N |THP
B =N -
VTV v, Power Coefficient (THP)
BHP Brake horse power
b, = D Maximum blade width ratio
B .
b, = Y Mean blade width
C Chord of expanded blade section
Cx Chord of expanded blade section at the radius fraction x.
D = 0.5pAV’ Drag coefficient
j— L . . .
L 05 A Lift coefficient
Cim Lift coefficient due to camber ; (viscous fluid)
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(4 4

8D ANN
Crs Lift coefficient (corrected for curvature of flow) ;(viscous fluid)
Cha Lift coefficient due to incidence ;(viscous fluid)
G Lift coefficient ;(non-viscous fluid)
Gy Lift coefficient (ideal value) ;(non-viscous fluid)
Cim Lift coefficient due to camber ; (non-viscous fluid)
C Lift coefficient (corrected for curvature of flow) ;(non-viscous
1
i fluid)
Cia Lift coefficient due to incidence ;(non-viscous fluid)
Cum Maximum value of chord
C Mean value of chord (taken between particular radius fraction
" and blade tip)
¢ Chord rati
— rd r
D ord ratio
2mnQ
L NS Torque power coefficient
: 0 A
Cp; Torque power coefficient (non-viscous fluid)
T
T 05pAL] Thrust power coefficient
Csi Thrust power coefficient (non-viscous fluid)
© Resistance coefficient
D Diameter of screw
Dg Diameter of boss
Ds Diameter of shaft
D, Drag force
2
DHP = 2% Delivered horsepower
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(4 4

2l AN

DHF, =&, - 275“;3‘3 Delivered horsepower(uniform flow in open water)
DHPg Delivered horsepower (service)
DHPr Delivered horsepower (trail)
DHPg Delivered horsepower (fresh water)

D
dg = (SBj Boss diameter ratio
dh Delivered horsepower(model screw in uniform flow in open

Po water)

E,F, H, K General coefficients or constants

Rv
EHP= —> Effective horsepower

550

Effective horsepower (apparent value , as predicted from hull

EHPy

resistance experiments)

EHPR, = {q EHP;

Effective horsepower(service)

EHP; = f\,{ , EHR,

Effective horsepower(trial)

€ Saturated vapor pressure
F = % Torque force
F. Centrifugal force
F, == Froud b
h = roude number
veg-L
E = Q Torque force (non-viscous fluid)
r
Fr = k_q .
Q= Torque comparison factor
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fneo AW

k

Fr = k—t Thrust comparison factor
T
B o= k_q Torque comparison factor ; (blade section element values x=0.7
Q k'Q radius fraction)
F o= k_t Torque comparison factor ; (blade section element values x=0.7
! k'T radius fraction)

fa Appendage factor
g Irregular flow factor
M Ship-model correlation factor
to-1c Overall cavitation number correction factors

k

Q

3[Q = Overall torque factor

kq

kp
J[T = Over thrust factor

kp
J(W =1-w Wake correction factor
G Centroid of blade section

T X
g= (BC/D) Gap factor
g Acceleration due to gravity
H, Curvature correction factor (Hill)
Hr Tip correction factor (Hill)
h Helical length
- Helical distance from blade section centroid to a line at the

section tail normal to the chord line

ht

Helical distance from blade section leading edge to rake datum
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line

Helical distance from blade section leading edge to position of

hm
maximum camber.
h Helical distance from blade section leading edge to position of
T
maximum thickness.
h Helical distance from blade section centroid to maximum
t
thickness ordinate.
1 Immersion to screw axis
It Immersion to blade tip (minimum value)
I Moment of inertia of blade sectional element about an axis
N
through the centroid parallel to the chord line.
I Moment of inertia of blade sectional element about an axis
P
normal to the chord line.
I, Polar moment of inertia.
s Polar moment of inertia of one blade
Lon Polar moment of inertia of boss.
Lps Polar moment of inertia of screw
L
J=—4 Advance coefficient of screw

Jg b Advance coefficient related to speed of hull vy
n
K. Cavitation factor (Lerbs)
Ke=kik, Curvature correction factor.
Q Torque coefficient, non-uniform flow, behind a hull (uniform
KAKQ) = —P=
pn flow in open water).

B Thrust coefficient, non-uniform flow, behind a hull (uniform

Krkt) =

flow in open water). ; (for thrust identity wake T,=Tg ,Kr=k;)
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k
kp = J—(; Torque coefficient
k > h ffi
U= : . iont.
pquDz Thrust coefficient or thrust loading coefficient
K = T
v p02 2 Thrust coefficient or thrust loading coefficient.
To.7
koi Torque coefficient (non-viscous fluid)
9
ki Thrust coefficient (non-viscous fluid)
kq=Foko Torque coefficient (non-basic screw)
k=Frkt Thrust coefficient (non-basic screw)
' d
kg = &kQ Blade section element torque coefficient
' d
Kgi= &in Blade section element torque coefficient (non viscous fluid)
d
kr = &kT Blade section element thrust coefficient
d
kT = &le Blade section element thrust coefficient (non viscous fluid)
[ kQ
kQ,, = T Blade section element torque coefficient (x=0.7 radius fraction)
' k
k. = = Blade section element thrust coefficient (x=0.7 radius fraction)
T
kv Curvature correction factor (van Manen)
kiko-Kg Curvature correction factor (Eckhardt and Morgan)
L Lift force
Lg Length of a screw boss
Ly Lift correction factor

Ly =y

Lift-camber factor
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1 Distance between two point
I; Ideal lift-camber (non-viscous fluid)
I Lift-camber factor (non-viscous fluid)
ly Ideal incidence-lift factor
M Combined thrust and torque bending moment about the
N
expanded blade section normal to the chord line.
M Combined thrust and torque bending moment about the
P
expanded blade section parallel to the chord line.
Mg Tangential bending moment due to torque force.
Mg Centrifugal bending moment due to blade rake
Mt Axial bending moment due to thrust
m Maximum ordinate of mean line
0 Camber ratios.
c t
m; myg . . . .
ki Camber ratios corresponding to ideal incidence.
m Camber ratios corresponding to ideal incidence.(corrected for
c curvature of flow).
N Rate of rotation (revolutions per minute).
Nr Rate of rotation of full-scale screw (revolutions per minute).
N Rate of rotation of full-scale screw-corrected for scale effect
M
(revolutions per minute).
No Rate of rotation-optimum value (revolutions per minute).
Ns Rate of rotation-service conditions (revolutions per minute).
Nt Rate of rotation-trial conditions (revolutions per minute).
n Rate of rotation (revolutions per second).
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P Geometric pitch
Pg Effective pitch
Pr Face pitch
Py Hydrodynamic pitch
PL Lifting surface pitch correction
Pm Maximum pitch
Pm Mean pitch
Pr Pitch at blade tip
p Static pressure
p = % Geometric pitch ratio
Pc Pitch ratio for equal camber
PE = PSE Effective pitch ratio
PF = PEF Face pitch ratio
Ph = Pgh Hydrodynamic pitch ratio
Pm = PSM Maximum pitch ratio
Pm = % Mean pitch ratio
pPT = PET Tip pitch ratio
P1 Local static pressure
p'1 Local static pressure (minimum value)
(Po© Static pressure at screw axis

P1-©) Static pressure at blade tip (minimum value)
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(Px©) Static pressure at radius fraction x (minimum value)

Q Torque

Qs Torque (non-uniform flow behind a hull)

Qo Torque (uniform flow in open water)

Qi Torque (non-viscous fluid)

q=0.5pV? Local dynamic pressure

R = % Tip radius

R Force required to overcome resistance of hull and air resistance
of superstructure

R, Reynolds number

r=x-R Radius of blade section element

rp=XgR Boss radius or root radius

Ic Radius of curvature

N Nose radius

r Radius co-ordinate of centre of gravity of screw blade.

S Slip ratio

S Stress (pound per square inch)

Sy Stress at the extremity of the maximum thickness ordinate at
the blade back (pound per square inch)

Sy Stress at the extremity of intersection of the chord line and
section tail (pound per square inch)

S, Stress at the extremity of the maximum thickness ordinate at
the blade face (pound per square inch)

SN

Stress at the extremity of intersection of the chord line and the
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section nose (pound per square inch)

Sm

Simpson’s multiplier

S1.S2,53,54,S5

Taylor strength criterion (coefficients)

Sc.Sc.ST,ST Taylor strength criterion (stresses).

SHP Shaft horsepower

s Specific gravity (s=1.026, salt water).

T Thrust

Ts Thrust (non-uniform flow behind a hull)

To Thrust (uniform flow in open water)

T; Thrust (non-viscous fluid)

THP Thrust horsepower

THPg Thrust horsepower (fresh water)

t Thrust deduction fraction

t Maximum cylindrical thickness of a blade sectional element
L ) L Thickness ratio

C D

ta Equivalent blade thickness at screw axis

tc Edge thickness

tm Mean cylindrical blade thickness

tt Tip thickness

thpo Thrust horsepower (model screw in uniform flow in open water)
un2 Induced velocity at screw

UA2 Axial component of induced velocity at screw

ur2 Tangential component of induced velocity at screw
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Va Speed of advance of screw (knots)
Vs Speed of hull (knots)
VA Speed of advance screw (feet per second)
VAx Mean speed of advance of screw at the radius fraction x.
\Z¢ Circulation velocity
Vi Local velocity
v Local velocity (maximum value)
VR Resultant velocity at a blade sectional element
VR 7 Resultant velocity at the x=0.7 radius fraction.
v. Approximate resultant velocity (neglecting induced velocities) at
a blade sectional element.
Vo7 Approximate resultant velocity at the x=0.7 radius fraction
Wp Weight of a screw blade
Wh Weight of a screw boss
W Density
w Wake fraction (Taylor-thrust identity)
wQ Wake fraction (Taylor-torque identity)
Wr Wake fraction (Froude)
Wy Mean local wake fraction at radius fraction x.
X,Y,Z Axes of co-ordinates
X,Y,Z Co-ordinates.
X = % Radius fraction
XB = B Radius fraction at boss radius
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r Radius position of centre of gravity of blade expressed as a
X =—
R radius fraction
Ym Mean line ordinate
Yo Fairing shape ordinate

YB=Y0o t¥M

Blade section ordinate from chord line to blade back.

YF=Y0o ~¥YM

Blade section ordinate from chord line to blade face.

YN

Maximum value of yg

YB=YNTYB

Blade section ordinate from pitch datum line to blade back.

YF=YNTYF

Blade section ordinate from pitch datum line to blade face.
Y1,¥2 Ordinates defining nose radius centre
Distance from the blade section centroid to a line parallel to
y the chord line and tangential to the section face at the
maximum thickness ordinate.
Ye Distance from the blade section centroid to chord line.
ZR Axial co-ordinate of blade section centroid
z Axial co-ordinate of centre of gravity of blade
a Angle of incidence
o Ideal value of angle of incidence
ar Angle of incidence due to lifting surface correction
ONT Angle of nose-tail slope.
Qo Angle of zero lift
OoT Angle of zero lift (non-viscous fluid)
aV Angle of incidence due to viscousity correction
p Advance angle
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Hydrodynamic pitch angle

Circulation

Approximate resultant velocity conversion factor

Approximate resultant velocity conversion factor (x=0.7 radius

fraction).

Resultant velocity conversion factor

Resultant velocity conversion factor (x=0.7 radius fraction)

A Displacement of hull (tons)
\Y Volume of displacement of hull
N-D
0= vV Speed coefficient
A
3, Speed coefficient (optimum value)
)
€= C. Drag-lift ratio
L
_me o offic
= DHp crew efficiency
N Screw efficiency (non-viscous fluid)
Mo Screw efficiency (uniform flow in open water)
NB = &rMo Screw efficiency (non-uniform flow behind a hull)
Ny = EpMo Propulsive efficiency
0 Angular co-ordinate
k Blade number factor (Goldstein).
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A%
A= —A Advance ratio of screw.
ntnD
\%
A= Tm% Advance ratio of blade element at radius fraction x.
A = x - Tanp; Induced advance ratio
A%
Ay = nnSD Advance ratio of screw related to speed of hull
u Viscous factor
He Viscous factor as applied to cavitation number.
Ha Viscous factor as applied to angle of zero lift
Hm Viscous factor as applied to camber ratio
[N Viscous factor as applied to slope of lift-incidence curve.
L Kinematic viscosity.
n
En = —- Hull factor.
B
n
Sp = H_P Overall hull factor of propulsive factor
(o]
n
Ep =2 Relative flow factor.
Mo
p Mass density (p=1.938 fresh water, 1.988 salt water)
2(p —¢)
= 5 Cavitation number.
pv
. 2(p, —©) Cavitation number (static pressure at screw axis, dynamic
PVa pressure for speed of advance)
—_ 2(pr —¢) Cavitation number (static pressure at blade tip, dynamic
2
PVa pressure for speed of advance)
- 2(px —©) Cavitation number (static pressure at radius factor x., dynamic
x 2
PVa pressure for speed of advance)
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2(p, —¢) Cavitation number (static pressure at screw axis, dynamic
- 2
p(0.77nD) pressure for speed of rotation at x=0.7 radius fractions)
2 . 1
Op = 2p -p) Pressure minima cavitation number.
PVR
2p. —e) Cavitation number (static pressure at screw axis, dynamic
OrR = pzz pressure for approximate resultant velocity at radius fraction
v x=0.7)
_ 2(px —¢©) Blade section cavitation number (static pressure at radius
OCg = p
PVR fraction x., dynamic pressure for resultant velocity)
t
T= BA Blade thickness ratio
k
B = é Screw performance factor (non-uniform behind a hull)
Ky
To = E Screw performance factor (uniform flow in open water)
2T
Te AV Thrust-loading coefficient (Burrill)
¢ Geometric pitch angle
Op Face pitch angle
Yp Shaft declivity angle
Vg Effective rake angle
YR Blade rake angle
¥s Shaft spread angle
® Angular velocity
A Expanded area of one blade (boss diameter ratio 0.2) (FuTind
B2 v U 1 ¥ 1 6 Y
wuwvasluiia[nsadruduinuaudnananuluing0.2))
A Expanded blade area (boss diameter ratio 0.2) (HefineenTnlu
E2

InIEnsd@udURuaugnanuludng0.2)
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Br-0.782By Power Coefficient (THP)
Ios Immersion to x=0.8 radius fraction (minimum value).
VABLAG

- ANFUUSEANSNNTBINUMAINAN (Thrust) agmdiaununu nsewalu (Wake) JuAo
(To :TB =t,QO = §RQ3)~
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Abstract. This paper presents a method for optimized cavitation of 3-blade type ship propeller.
Cavitation flow is investigated around ship propellers experimentally. Testing of two different types
of new model propellers and local type propellers are performed in this study. A 3-blades, skew
angle 20 degree, developed area 50 and 35, so called model A (B3-20-50), and model B (B3-20-35)
respectively, and finally a local type propeller popular used among local fisherman are compared.
The results are presented in characteristic curves are related pictures. Finally, the results ate
discussed, Model A and B is investigated based on existing experimental results. In addition, model
C is a comparison validation to non-optimum for used to shallow-fishery and tailing Thai boat. A
practical method was achieved by combining a vortex lattice lifting method and lifting surface
method. The optimum circulation distribution yielding the maximum lift-to-torque ratio was
computed for given thrust and chord lengths along the radius of the propeller by dividing the blade
into a number of panels extending from hub to tip. The radial distribution of bound circulation
could be computed by a set of vortex elements that have constant strengths. The cavitation
phenomenon is appear to monograph of model A and B the better model C (local type), such as, the
cavitation prediction on a hydrofoil is carried out in both steady and unsteady states. The results
show good agreement in comparison with available experimental data. Furthermore, the propeller
cavitation breakdown is well reproduced in the proceeding. The overall values suggest that the
present approach is a practicable tool for predicting probable cavitation on propellers during design
processes.

Introduction

Cavitation flows are highly complicate because it is a rapid phase change phenomenon, which
often occurs in the high-speed or rotating fluid machineries. It is well known that the cavitating
flows is of great consideration in the design process of marine propellers and must be optimized for
specified operating condition.

Although computational fluid dynamics has played an important role in design process of marine
propellers for more than two decades, a conventional design method so-called "the lifting line
method" is stillwidely used in marine industry. With this design method, the blade shape is replaced
by an infinitely thin surface which takes the form of the blade camber line upon which a distribution
of vortices is placed in both the spanwise and chord directions. The method of this type used this
basis for their formulations and the solution of the flow in many ways of the thin blades.
Additionally, the vortex lattice method is adopted as part of the lifting surface method. It is
discretize from the continuous distributions of vortices and sources which are replaced by a finite
set of straight line elements of constant strength whose end points lie on the blade camber surface.
From this system of line vortices, the velocities are computed at a number of suitably located
control points between the elements. Their distributions at time and space have to be determined
using the boundary conditions of the flow condition being analyzed. The source distributions,
however, being independent of time, and their distribution over the blade is established using a
strip-wise application of thin blade at each of the radial positions.
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When applied for the design of blade, the geometry of the blade is only partially known in so far
as the radial distributions of chord, while rake skew and section thickness distributions are known.
The radial distribution of pitch and the chord-wise and radial distribution of camber remain to be
determined. In order to solve the new design the source and vortex distributions representing the
blades and their wake need to be placed on suitable reference surfaces to enable the induced
velocity field. Linear theories assume that the perturbation velocities due to the propeller are small
compared with the inflow velocities. However, the real viscous and turbulent behavior of flow
shows the phenomenon of divergence with this design method, for instance, in the calculation of the
radial loading parameter. If this carry a stage further the divergence becomes increasingly larger
when using this method for determination of camber and angle of attack and hence section pitch.
This is in part due to the variety of correction procedure adopted for the lifting line method which, a
conceptual way, the basis of the lifting surface method.

The design methodology for low-speed propeller as normally used in shallow fishery in
developing world has, however, been at the early stage and far from those normally performed in
design and analysis of propeller blade in marine industry. This paper aims to show technique of
vortex lattice lifting method and lifting surface method which have not yet been used for low-speed
diesel engine driven propellers for tailing boat. The blade obtained from this preliminary design
method will then be analyzed using Computational Fluid Dynamics (CFD) which will be presented
in separated paper.

In this paper, the cavitating performance and open water performance of Tailing Thai Boat: 3
Blade type was numerically simulated. The effect of non-condensable gas mass fraction of
predicted cavitating performance was mainly studied. The predicted cavity shapes were in good
agreement with comparison the local domestic propeller. Which the tailing Thai boat used low-
diesel engine by the researcher observation and result on open literature.

Descriptions and Numerical Method

Description of Propeller Performance Characterization, Dimensional Attributes: Diameter [D]
Overall diameter of the propeller, Rotation rate[ V] rotational speed of the propeller in rps., Density
[p] Fluid density, Thrust [7] Propeller axial thrust force, Torque [Q] Propeller shaft torque, Ship
speed [V,] Ship velocity, Inflow velocity [V,] Mean inflow velocity Non-Dimensional
Characterization of propeller performance:

a

J=— Advance Coefficient
ND
Ky ==, Thrust Coefficient
PN D
2T
Cr= Thrust Coefficient.,(A= Propulsion area)
pAv,
__ @ :
Ky =755 Torque Coefficient
PN°D
TV,
n,= Propeller Efficiency
27INO
R,V . . . .
n = Propulsive Efficiency,(R~=Total Ship resistance)

Integral Formulation

Consider a right hands propeller rotating with constant angular velocity @ in a axisymmetric
incoming flow field V., it same conclusion can be drawn for the simpler case of a wing subjected to
an uniform inflow, neglecting the angular velocity term. In the (x,.,),, z,) coordinate system that
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rotates with the propeller, the total velocity vector V' can be written as the sum of the relative

undisturbed inflow V,.and the perturbation potential velocity ¢;,4, due to the velocity influence of

the propeller itself on the velocity field:
V="Vl + 9ind

7

(1)
Where the relative velocity V,.; , in the propeller reference system, can be written as:

v

rel

= Voo — WXr )
With the assumption of an inviscid flow, irrotational flow and incompressible fluid, the
perturbation velocity can be written in terms of a scalar function, the perturbation potential, which

satisfies the Laplace equation:

9ina =V P, V2¢:0 3)

By applying Green’s second identity for the perturbation potential, the differential problems (3)
can be written in integral form with respect to the potential ¢, at every point p laying on to the
geometry boundaries. The perturbation potential ¢ represents the internal perturbation potential,
that must be set equal to zero in order to simulate fluid at rest inside the boundaries of all the bodies
subject to the external inflow (Blade, hub).

J 1 {a%—a%lld&‘ J 1
27z-¢p = J‘SB +Scp [¢q B ¢q" ]anql"pqu B Sp+Scp anq anq rpq + J‘SW A¢q @ads

4

When subscript ¢ corresponds to the variable point in the integration, # is the unit normal to the
boundary surfaces and r,, 1s the distance between points p and g. equation (4) expresses the
potential on the propeller blade as a superposition of the potential induced by a continuous
distribution of the sources on the blade and hub surfaces and a continuous distribution of dipoles on
the blade, hub and wake surface that can be calculated, directly, via boundary conditions, or
indirectly inverting equation (4).
Boundary Conditions
For the solution of equation (4) a certain number of boundary conditions must be applied. Different
approaches are possible: a fully linear approach, in which cavity velocities can be considered
enough small to allow linearization of boundary conditions or a fully nonlinear one, in which
singularities are located on the cavity surface that need to be found iteratively. On the other hand,
assumed on the wetted part of the body the kinematic boundary condition holds and allows defining
the source strengths in terms of the known inflow velocity relative to the propeller reference
system:

9, __ .

q
On, )
At the blade tailing edge the Kutta condition states that the flow must leave with a finite velocity
or that the pressure jump at the blade trailing edge must be zero. In a steady problem, the Kutta
condition allows to write the dipole intensities, constant along each streamlines, on the wake, first,
applying the “linear” MorinoKutta condition:

vl :¢ZI"JE _¢TLE Ve 17 E (6)
When the subscripts U and L stand for the upper and the lower face of the trailing edge. After, the
zero pressure jumps can be achieved via an iterative scheme. In fact the pressure difference at
trailing edge at each m streamlines is a non linear function of dipole intensities on the blade:
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Ap (P)=P" (@)—P (@)

(7)
Full Cavitation Model
The mixed density is controlled by vapor volume fraction f:
g
pm pv lol (8)

The vapor transport equation is written as:

M+V(pm?f)=V(,u[Vf)+Re—RC
or )
Where p,and p; are the density of vapor and liquid, respective, R, and R.are the rates of vapor
generation and condensation, respectively. To solve the equation, R, and R.need to be given.
Singhal et.al.(2002) derived the expressions of R, and R, , For this figure (1) shows Lab. water
tunnel and draft drawing.

) !
RE:—ce%,p«[%"” p] (=fi=f). p<p, o
P
. N
RC:Cc\/;pJPI[gp b J 1 p>p,
- (11)

Figurel. Lab. Water Tunnel and Draft Drawing

Lifting Line Designed Propellers

In 1952, H W Lerbs” introduced a new method for calculating propellers named “lifting line”.
Lerbs proposed to substitute the propeller blade with a so-called lifting line along which the radial
distribution of lift is calculated under the influence of a number of trailing vortices. This was a new
step forward in which the radial distribution of circulation (resembling lift or thrust) could be
specified in order to obtain the optimum efficiency. An important difference from early days was
the possibility to include the influence of the wake field. But the most consequential difference was
the option to select profile section at each radius which could not only result in the optimum
circulation/lift but which could also be selected with a combination of camber and pitch to achieve
optimum cavitation performance, with the publication of the NACA airfoil sections. Series at
almost the same time, a powerful tool was emerging, which for the first time could give the
propeller designer a possibility to design a propeller with respect to cavitation aspects. See (Fig.2)
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Figure2. Principle of the “lifting line” calculation model[2]

Evaluation of the cavitation was facilitated by the work of T Brockett!! who, for the above
NACA airfoil sections, calculated a series of charts from which the onset of cavitation could be
determined. Only the onset of cavitation could be calculated-not the degree of the chord-wise
extension over the blade surface. As already mentioned a certain level of cavitation must regrettably
be accepted on most merchant vessels in order not to compromise the efficiency too much. To
overcome this obstacle, a method was devised by MAN B&W!! to calculate the chord-wise
distribution of lift by using a conformal mapping technique. As a result the cavitation could be a
truly integrated part of the design process for the first time. One disadvantage of the lifting line
model lies in the nature of the method. The substitution of the blade with a lifting line implies that
the chord-wise extension of the lift is not directly included in the solution. After the appearance of
the lifting surface method, a set of correction factors has been published™® which can be
incorporated into the lifting line model to improve the calculation accuracy.

Lifting Surface Designed Propellers

An improvement of the lifting line model was developed in the 1980’s (Greeley and Kerwin'")) in
an effort to overcome the shortcomings of the inadequate treatment of chord-wise lift of the lifting
line method as well as to include the influence of skew and rake. The method distinguishes itself
from the lifting line, in the way it models the propeller blade. The surface of the blade is subdivided
into a number of elements describing the surface, and on which a boundary condition of no through-
flow is prescribed. To model the strength of the circulation/lift a distribution of vortices are located
on the mean surface, and to include the effect of induced drag, a number of free trailing vortices are
shed from each element. The method proved valuable in contribution to the understanding of skew
and in particular its influence on pitch, camber and thickness which the lifting line had failed to do,
without the inclusion of lifting surface correction factors. As with the lifting line method, the lifting
surface method is sensitive as to how the trailing wake is modeled. This is especially important for
heavily loaded propellers. See Figure (3).

Figure3. Principle of the “lifting surface” calculation model[2]

Blade Design

Which all preconditions set the blade design can proceed. The main objective within the constraint
mentioned earlier is to obtain as high a TPE as possible and to suppress the cavitation to an
acceptable level. However, for a fixed propeller diameter the only part-efficiencies being influenced
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by the blade design are the open water efficiency and the relative rotate efficiency. It is a common
belief among propeller designers that the two design objectives are in contradiction to each other
and consequently must be balanced to get a compromised design. But today some design features
are available which can be applied to reduce the cavitation without sacrificing the efficiency. To
build up a propeller blade, the complicated 3-dimensional form is usually reduced into 2-
dimensional elements which are then adjusted during the design process.

Results and Discussion

The main purpose of testing the propeller models in the water tunnel of type new-design and type
local domestic in Thailand (Table.1) for comparison behavior of occur bubble and test efficiency is
determination of the characteristic curves under cavitation and non-cavitation conditions, usually
characteristic curves are variations of thrust and torque coefficients, with respect to the advance
coefficient. In obtaining the characteristic curves (Fig. 4, Fig. 5) the rotational speed is kept
constant and advance velocity is varied in the range of allowable water tunnel flow speed (e.g., in
the current water tunnel, 0 - 3.5 m/s). Thus, different values for the advance coefficient are
obtained. In the non-cavity test, the static pressure is constant at the value of the usual operating
pressure.

Tablel. Principal particular of new design Model-A, model-B and Model-C (Local type)

Model Name Model-A(3-20-50) | Model-B (3-20-35) | Model-C(Local)
Number of blades 3 3 2
Diameter (m) 0.24 0.24 0.25
P/D 0.866 0.941 -
EAR=Ar/Ao 0.50 0.35 ~0.50
Skew Angle (degree) 20 20 ~21
Open W. eff. 0.690 0.738 -

Cavity at 0.7R 1.5634 1.7621 -

The reason behind the above mentioned procedure lies in the type of dimensional analysis that is
used for deriving non-dimensional coefficients in characteristic curves. The necessary dimensional
analysis for open water conditions has been stated.

B3-20-50
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Figure4. Characteristic curve of model A;(B3-20-50)
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Figure5. Characteristic curve of model B;(B3-20-35)

In cavitation tests, two kinds of curves are derived. One is the characteristic curve in a constant
cavitation number, which is used to show the deviation of torque and thrust from a non-cavitating
state. The second is the diagram of torque and thrust coefficients on the basis of the cavitation
number, which is used to show the cavitation breakdown analysis. In cavitation tests, the static
pressure and advance velocity inside the cavitation tunnel test section are lowered gradually in order
to sketch the required diagrams. Figure 6(a)depicts the installation of the propeller on tailing Thai
Boat and Figure.6(b) shows the installation of the propeller inside the water tunnel.

Figure6. (a) Illustrations of Tailing Thai Boat with 2-blades type propeller

Figure6.(b)Installation of propeller inthe water tunnel

The result of testing the model A,B and C propeller in non-cavitation states withthe rotational
speeds of 650 rpm in (Fig.9, Fig.13),the rotational speeds 850 rpm in (Fig.10, Fig.14) and the
finally rotational speeds of 850 rpm and 900 rpm wasdepicted in (Fig.15, Fig.16) respectively.

Axial velocity is varied from 0.3 to 3.5 m/s. it is seen that, at low values of J, there is an
appreciable difference between the results. This is a general fact because according to the definition,
K, is proportional to the first power of thrust rather than the second power of rotational speed in the
denominator. The testing of propellers for non-cavitation conditions is essential before proceeding
to cavitating conditions. Firstly, using these results, the numerical method is validated for
simulation of the fluid flow around the propeller models; secondly, solving the flow fields in non-
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cavitating conditions is used as the initial condition for propeller cavitation simulations which will
be presented in the next paper.

The characteristic curve in cavitation and cavitation free conditions are compared in (Fig.4,
Fig.5) for a rotational speed of 1150 rpm. (New design) in the cavitation condition. Similar
experiments are carried out at 850 rpm. These data are used as benchmarks experimental work for
the newmodels. For propeller model A; type 3 blades skew angle 20 degree and developed area 50
(B3-20-50) and propeller model B; type 3 blades skew angle 20 degree and developed area 35 (B3-
20-35).

The quantitative investigation of cavitation has been carried out; and now, it is investigated
qualitatively as given in (Fig.9, Fig.10, Fig.13, Fig.14, Fig.15, Fig.16) respectively. The picture
shows cavitation at 850 rpm and at an axial velocity of 2.5 m/s. The photograph in (Fig.15) the
cavitation surface is glassy smooth and the propeller blade surface is seen clearly behind the
cavitating surface. Thus, it is deduced that the formed cavitation is the sheet cavitation. It is seem
that the photographs in (Fig.16) The propeller model C is also tested at rotational speeds900 rpm
with a cavity greater developed full area. For the (Fig.7, Fig.8) show the body plan of the geometry
and propeller model of the Model A [B3-20-50], respectively.
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Figure7. Drawing Type 3 Blades Angle 20 Degree Developed Area 50 (New Design)

Figure8. Illustration of propeller Model Type B3-20-50 (New Design)

The photographs in (Fig.9, Fig.10) show the appearance of cavity for 3-blade propeller, skew
angle 20 degree, developed area 50(B3-20-50).The angular speed at650 rpmand 850 rpm,
respectively. This is a new design for Tailing Thai Boat. Below are examples of pictures taken in
sequence by a camera at the time when impulsive force was measured.
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Figure 10. lustration of propeller cavitation type B3-20-50 at rotational speed850 rpm

The photographs in (Fig.11, Fig.12) show the body plan of the geometry and the propeller model
of Model B [B3-20-35], respectively. The photographs in (Fig.13,Fig.14) show an appearance of

cavity for3-blade propeller, skew angle 20 degree, developed area 35 (B3-20-35). Rotational speed
at 650 rpm and 850 rpm, respectively.
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Figurel 1. Drawing Type 3 Blades Angle 20 Degree Developed Area 35(New Design)
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Figurel4. Illustration of propeller cavitation type B3-20-35 at rotational speed 850 rpm.

The photographs in (Fig.15, Fig.16) show the propeller typeModel C-(Local) which is commonly
used in locals, Thisphotographs show thecavitation developed strongly when the rotational speed
isas high as 900 rpm.
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Figurel5. Illustration of propeller cavitation type local domestic at rotational speed of 850 rpm

Figure 16 (a). Initial Cavitation of Local Type Domestic propeller model

Figure 16(b).Full cavitation at rotational speed900 rpm. OfLocal Type Domestic propeller model

Conclusions

In this paper, cavitation flow is investigated experimentally on two conventional for shallow-fishery
and tailing Thai boat. The preliminarily experimental result show better performance, when
compared with local domestic type.The cavitating performance and open water performance of
Shallow-Fishery and Tailing Thai Boat has been numerically investigated using a numerical method
solver with a full cavitation model based on transport equation and standard k- @ turbulent.

An elucidate the bursting phenomenon of tip vortex cavitation, with experiments in a water
tunnel and numerical simulation were carried out with two propellers,(B3-20-50, B3-20-35) and
different thrust coefficients and cavitation numbers. The results obtained suggest that, a large
pressure fluctuation was measured twice in a series showing the bursting phenomenon in one
rotation of propeller blade. In the first bursting tip vortex cavitation from the preceding blade
interfere the sheet cavity, and that made the sheet cavity unstable and its trailing edge swelled
significantly. When the sheer cavity was shed to the tip vortex cavitation and a vortex cavity from
the trailing edge of the sheer cavity intertwined with each other, causing implosion and rebound
again and again. At this time, the tip vortex cavitation was spitted into many bubbles, and a bubble
cluster, including small vortex cavities, formed. In the second, bursting occurred when the
following blade approached upstream of the vibrating vortex, which had been intensely disturbed in
the first bursting. The following blade swiftly obstructed the flow and caused tip vortex cavitation
implosion and rebound again, and at that time bubbles in the tip vortex cavitation collapsed
repeatedly and randomly.

The experiment has been considered to reduce the fluctuating pressure caused by bursting. One
is to stabilize the tip vortex cavitation, and the other is to reduce the cavitation itself. The
occurrence of tip vortex cavitation can be predicted by the rate of change of the tip vortex intensity.
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The bursting occurs because the rate of change of the tip vortex intensity is related to the stability of
the tip vortex. The achievement of this investigation will be presented in the next publication. The
overall results suggest that the present approach is practicable as a design approach for low speed
propeller for Thailand fishery industry.

Nomenclature
Cp = Pressure coefficient
C, =(P-P,)/0.50n" D for propeller
C, =(P-P,)/0.5pU? for otherwise
Js = Advance ratio based on V5, J, =V, /nD

n = Propeller rotational frequency (rev/sec)
P,= Far upstream pressure, at the propeller Axis
Py~ liquid saturated pressure (Pascal)

P, = Vapor pressure of water

p, q = Field point and variable point

q,= Total velocity

O = Propeller torque
T = Propeller thrust

U i»= Local inflow velocity (in the propeller fixedsystem)

Uw = Effective inflow velocity (in the ship fixedsystem)
Vs = Ship speed

Vrip=Total velocity at the center of the tipvortex core

I_;w =Total velocity on wake surface
@= Propeller angular velocity
p = Fluid density

T 2
o, = Cavitation number based on n, O, =(F, —P,)/0.50n> D

L _ 2
o, = Cavitation number based on Vs, O, =(F, —F,)/0.5 PV
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Abstract

This paper presents a method for optimized cavitation of 2-blade type ship propeller. A practical
method was achieved by combining a vortex lattice lifing method and lifting surface method.
The optimum circulation distribution yielding the maximum lift-to-torque ratio was computed for given
thrust and chord lengths along the radius of the propeller by dividing the blade into a number of
panels extending from hub to tip. The radial distribution of bound circulation could be computed by a
set of vortex elements that have constant strengths. A discrete trailing free vortex line was shredded
at each of the panel boundaries whose strength equal to the difference in strengths of the adjacent
vortices. The vortex system was built from a vortex element, each consisting of a bound vortex
segment of constant strength and 2 free vortex lines of constant strengths. A Finite differential
equation could be formulated by using these vortex systems.

Keywords: Optimum Ship Propeller, Propeller Design, Cavitations Number

1 INTRODUCTION

Cavitation flows are highly complicate and multi-phase modeling with cavitation

because it is a rapid phase change phenomenon,
which often occurs in the high-speed or rotating
fluid machineries. It is well known that the
cavitating flows is of great interest. Numerical
method is highly important approach for studying
the cavitating flow. Computational methods for
cavitation have been studied since over two
decades ago. In general, the methods can be
largely categorized into two groups, Single-

phase modeling with cavitation interface tracking

interface capturing.

The former approach has been widely
adopted for in viscid flow solution methods, such
as potential flow boundary element methods. It
assumes the cavitation region as a large bubble
with a distinct liquid/vapor interface. Basically
three assumptions are made for a cavitation
bubble; the bubble boundary is a free surface;
the pressured inside the bubble is constant and

equals to the vapor pressure of is corresponding
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liquid; the closure region of the bubble can be
approximated by a wake model. Third
assumption is prime limitation of the method.
The computation accounts only for the liquid
phase; grid is often regenerated iteratively to
conform to the cavity shape. This method is
capable of simulating sheer cavitation but may
not be adequate for cases in which bubble
growth and detachment exists. In addition, so
far, they are limited to two dimensional planar or
axis-symmetric flows because of the difficulties
involved in tracking three dimension interfaces,
In Kinnas and Fine (1992) and Fine and Kinnas
(1993), a low order potential-based boundary
element method (BEM) was introduced for the
nonlinear analysis of three-dimensional flow
around cavitating propellers subjected to
nonaxisymmetric inflows. The method was later
extended to predict leading-edge and midchord
partial cavitation on either the face or the back
of the blades (Mueller and Kinnas, 1999).

The latter approach can be adopted for
viscous flow solution method, such as the RANS
equation solvers, and is very popular in the
cavitation research recently. The cavitating flow
is treated as the homogeneous equilibrium
single-fluid flow which satisfies Navies-Stokes
equation. The key challenge is how to define the
mixed density of the single-fluid. In general, the
cavitation modeling can be largely categorized
into two groups according the relation that
defines the variable density field. One cavitation
modeling is based on the equation of state that
relates pressure and density. By assuming the
cavitating process to be isothermal, mixed
density is simply a function of local pressure.

Hoeijmakers and Kwan (1998) adopted a sine

law to simulate the cavitating flow around two
dimensional hydrofoils with Euler equation, and
the computational results of surface pressure
coefficient are in good agreement with
experimental data. Chen and Heister (1996)
derived a time and pressure dependent
differential equation for density. Qiao Qin (2003)
used fifth-order polynomial of pressure to define
the mixed density. The other cavitation modeling
is to introduce the concept to volume fraction,
and then the mixed density is calculated using
the volume fraction. Kubota, et al. (1992)
coupled the Rayleigh-Plesset equation to
compute the volume fraction based on the
bubble radius, A mass transport equation
cavitation model has been recently developed
Shin Hyung Rhee and Kawamura (2003)
Studied the cavitating flow around a marine
propeller using an unstructured mesh with
FLUENT 6.1. The cavitating propeller
performance as well as cavitation inception and
cavity bubble shape were in good agreement
with experiment measurements and observation.
In addition, Francesco Salvatore (2003)
developed a hybrid viscous/inviscous approach
for the analysis of marine propeller cavitation.

In this paper, the cavitating performance
and open water performance of Shallow-Fishery
and Tailing Thai Boat was numerically simulated.
The effect of non-condensable gas mass fraction
of predicted cavitating performance was mainly
studied. The predicted cavity shapes were in
good agreement with comparison the local
domestic propeller. Which the shallow-fishery
and tailing Thai boat used low-diesel engine by
the researcher observation and result on open

literature.
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2 DESCRIPTIONS AND NUMERICAL METHOD
2.1 Blade Performance

We consider rotating with the velocity of U, in
a uniform axial velocity of U. The blade spacing
h is assumed to be sufficiently small as
compared with the blade length / and the flow in

the blades. The axial and tangential velocity

disturbances are represented by 5u1 and 5/1,

respectively, at the inlet, and the axial velocity

disturbance 5u2 at the outlet. The cavity of
volume V. per blade appears at the inlet. The

velocity triangle at the inlet is shown in Figure 1.

Figure 1. Rotor and Inlet Velocity Triangle

It is assumed that all of the cavitation can
be lumped into the volume V. upstream of the
blade passage, and that the subsequent rotor
flow can be modeled as single-phase
incompressible liquid flow (the more complex
blade passage nodel of Brennen[g] suggests that
this is a good first approximation). Then the
unsteady Bernoulli's equation applied to the
relative flow in the rotor yields.

(¢2_¢1)_& (1)
o,

Here,

o 6 0

Or Ot ay
It is a time derivative in a frame rotating with the
rotor, if f' is the average blade angle, as show
in Figure 1, the difference of the velocity

potential can be approximated by

u,l
cos f'

2
¢2 _¢1 =J.Wst =
1

The total pressure loss Ap, in the blades in

represented by two coefficients, ¢;and ('

Ap,

=¢o(U+au, )2 +4(av ) @)

Where AV is the incidence velocity as show in

Figure 1. and can be expressed as
AV =(U +5u1)(tanﬁl—tan,81' )

Thus é’Q represents the hydraulic loss in the
blade passage, and 'y the incidence loss at the
inlet. The differences between pressure
fluctuations upstream and downstream of the
impeller are obtained by considering Eqgs.(1) and

(2) after linearization to yield

_ S _
éyz—fmz(l—LU)Tl—(tanﬂl—l-LV)
ﬁof L Op 1 LQ(%)(?’)

U cosy ﬂz’ U cosﬂ’ U at' U

Where L, and L are given by

A
L, Z—a il =2§Q +2éVS tanﬂl"
O( pUL).
(tan ﬂl '—tan ﬂl)
_04p,  ean
L= 5 oy = s tan fi=ten )

In general, cavitation instabilities appear at
larger cavitation number than those which brings

about significant deterioration in the pressure
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performance. Therefore, the effect of cavitation
on the pressure rise across the rotor has been
omitted from the present analysis and is not

included in Eq.(3).
2.2 Cavitation Model and Numerical Method

The cavitation model employs in the study is
based on the so called “Full Cavitation Model”
by Singhal et.al.m], This model accounts for all
first order effects, i.e. phase change bubble
dynamics, turbulent pressure fluctuations and
non-condensable gases. This model is under the
framework of multi-phase flows and has the
capability of accounting for the effects of slip
velocity been liquid and gaseous phases [15]. The
main part of every cavitation physical model is to
find the mass transfer equation between the
liquid and vapor phases which in the study is as

follows:

0 .

— (Pt )TV (P )=

O

7 (4)

V| =V |+r,—R,
O

14

The source terms in Eq.(4) R, and R, are to
be related to the bubble dynamics and vapor
volume fraction. To account for the bubble
dynamics, the reduce equation is employed as
for many other study in the same modeling
category. Following the approach used by
Singhal et.al.m], and considering the limiting
bubble size with assuming that the typical
bubble diameter is the same as the maximum
possible bubble size, the expressions for R, and

R, ate obtained as:

Veh 2 psat

R =C yo e (l—f )
e e y v 3 ») (5)
P <Py
And
_ . Veh 2 P Psar
Rc_Cchlpl E—safv’ (6)
Y Py
p>psat

Where C, and C_, are two empirical
constants, after careful study of the numerical
stability and physical behavior of the solution.
Their values are adopted in the study. The
effects of turbulence induced pressure
fluctuations are taken into account by raising the
phase change threshold pressure from p_, to p,,

which is written as:

Py = Pyat +0'5pturb. (7)

It is widely acknowledged that the effects of
non-condensable gases need to be taken into
account, as the operating liquid usually contains
small finite amounts of such gases, e.g.
dissolved gases and aeration. The working fluid
is assumed to be a mixture of liquid and the
gaseous phases, with the gaseous phase being
comprised of liquid vapor and non-condensable

gas. The mixture density is calculated as:
pm:avpv+agpg+(l_al_ag)lol (8)

Considering all these effects, Eq.(5),(6) can be

rewritten as:

f 27
R, =Co—— PPy g (l_f —Jg) 9)
“y Py

r<p,

and
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_ k 2
Rc_cc plpl ;

rP>p,

For (10)

The finite volume method which allows the
use of computational element with an arbitrary
polyhedral shape. Convective terms are
discredited using the second order accurate
upwind scheme, which diffusive terms ate
discredited using the second order accurate
central differencing scheme. The cavity volume
V., per blade and per unit span is normalized
using the blade spacing h and represented by a

functions.

a(o,a )EV—C (11)
Y (h?x1)

Under quasi-steady conditions, the non-

dimensional cavity volume a is considered to be
a function of the incident angle ¢, and the inlet

cavitation number O defined as follows

_ P — Py

o pW12/2

(12)

When p,, p, and W, are the inlet pressure,
the vapor pressure, and the inlet relative velocity,
respectively. Then as originally suggested by

Brennen and Acosta[m] the change of cavity

volume, 5Vc is related to the deviations §W1,

é‘p7 and 50{, by,

oo oo
o | =—om+==an
Ve =1 Foe 4y ] i (13)
+ o
da,

From the velocity triangle show in Figure 1. the
deviations 5W1 and 50[1 can be represented in

terms of the deviations 5u1 and 5/1 from the

uniform axial velocity. Then Eq.(13) may be

written as
_ &1 &1 _
Fl o —— +F2' -
U
Se =1’ 5 (14)
1
+F3- >
PU

where

F, = 20K cos® 5, — M sin 3, cos 3,
F, = —20K sin 3, cos 8, — M cos? j,

F, =—2Kcos’
And

M = == (15)

When M and K are the mass flow gain factor
and cavitation compliance, respectively. For the
evaluation of these factors, Refer

[111[12]

Brennen and Otsuka, et aI.m] The continuity

relation across the impeller is

i
h=(ci12—é‘ul)=(gj&/c (16)

Where subscritipts 1,2 indicate the inlet and
outlet of the impeller. By combining
Egs.(14),(16), the continuity equation can be

expressed as follows,

{2

&42—&1=h(g) +F,- —1) (17)

or U
%y

2

U

+F

With cavitation, it serves as a compliant element
and it is not needed to have an explicit

compliant element as the simplest model of
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cavitation surge, we consider a system
composed of an inlet pipe with the length L, and
outlet pipe with infinite length. The last
simplifying assumption suggests that there
would be no flow rate fluctuation downstream of
the rotor, dU, =0 . In addition to this we can
apply the moment equation of the fluid in the

inlet pipe, Eq.(18),
d
M, =—-pUdu, - pl—(ajajl (18)

The continuity equation across the rotor, Eq.(16)

. 0d0 0 0
with EZE SO, h(&z—wl)=(aJé\/c

And the cavitation characteristics of Eq.(14) with
S, =0

and

ol (852

By combining these equations, we obtain the

following result.
a* (O F,—F, d{ Ou
a’\ U ) F(L/u)jd\ U
2
U (O
——| — =0
FyLh\ U

Since F; =-2K cos’ Fl <0, negative damping

(19)

occurs when F, —F; <0 and this leads to the

onset condition of cavitation surge

M >2(1+ 0 )gK (20)
From Eq.(19) gives the cavitation surge
frequency
e v Ur 1

27 \|—FLh 27T sin 3 ~2KLh 1)

1

27T A/ PCL

Where the last expression is obtained with,

___Eh__2sin’BKh
(pU?)  (pU7)

This shows that the frequency is the nature

frequency of the inlet pipe-cavitation system and
is proportional to the blades speed, caused by
the fact that the compliance C is correlated with
the tip speed. This is quite different from the
frequency of normal surge, which is fixed to the
natural frequency of the system. The above
results were obtained not by using the pressure
performance of the blades Eq.(3) but by using
only the continuity across the rotor Eq.(16) and
the cavitation characteristics Eq.(14) the criterion
for normal surge it the positive slope of the
pressure performance, it is the cause of normal
surge. If the flow rate is increased, the pressure
difference across the pump is increased and this
accelerates the flow through the pump. This
positive feedback through the performance is the
cause of normal surge. On the other hand, the
criterion for cavitation surge, Eq.(20) shows that
positive mass flow gain factor, M>0, is the cause

of cavitation surge. When the flow rate is

increased, the incidence angle Ql; to the rotor
blade is decreased. If M =0(V./h)/0e, is
positive, the cavity volume V_ is decreased.

Then the upstream flow rate is increased to fill
up the space once occupied by the cavity. This
positive feedback through the continuity relation
is the cause of cavitation surge. So, the
mechanism of normal surge and cavitation surge

is totally different.
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3 RESULTS AND DISCUSSIONS

The main purpose of testing the propeller
models in the water tunnel of type new-design
and type local domestic in Thailand Table(1) for
comparison behavior of occur bubble and test
efficiency is determination of the characteristic
curves under cavitation and non-cavitation
conditions, usually characteristic curves are
variations of thrust and torque coefficients, with

respect to the advance coefficient. In obtaining

the characteristic curves Figures (2),(3) the
rotational speed is kept constant and advance
velocity is varied in the range of allowable water
tunnel flow speed (e.g., in the current water
tunnel, 0 - 3.5 m/s). Thus, different values for
the advance coefficient are obtained. In the non-
cavity test, the static pressure is constant at the

value of the usual operating pressure.

Table 1. Principal particular of new design Model-A, model-B and Model-C (Local type)

Model Name Model-A (2-20-35) | Model-B (2-20-50) | Model-C (Local)
Number of blades 2 2 2
Diameter (m) 0.24 0.24 0.25
P/D 0.940 0.940 -
EAR=A:/A, 0.35 0.50 ~0.35
Skew Angle (degree) 20 20 ~21
Cavity at 0.7R 1.5662691 1.5662691 -

The reason behind the above mentioned
procedure lies in the type of dimensional
analysis that is used for deriving non-
dimensional coefficients in characteristic curves.
The necessary dimensional analysis for open

water conditions has been stated.

Figure 2. Characteristic curve of model A;

(B2-20-35)

Figure 3. Characteristic curve of model B;
(B2-20-50)

In cavitation tests, two kinds of curves
are derived. One is the characteristic curve
in a constant cavitation number, which is
used to show the deviation of torque and

thrust from a non-cavitating state. The
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second is the diagram of torque and thrust
coefficients on the basis of the cavitation
number, which is used to show the
cavitation breakdown analysis. In cavitation
tests, the static pressure and advance
velocity inside the cavitation tunnel test
section ate lowered gradually in order to

sketch the required diagrams.

Figure 4. Installation of Tailing Thai Boat

Type Local Domestic at Lab. Water Tunnel

The result of testing the model AB and C
propeller in non-cavitation states and at two
rotational speeds of 865 and 1000 rpm are
depicted in Figures (4),(5),(6),(7),(8) and (9)
respectively. Axial velocity is varied from 0.3 to
3.5 m/s. it is seen that, at low values of J, there
is an appreciable difference between the results.
This is a general fact because according to the
definition, K, is proportional to the first power of
thrust rather than the second power of rotational
speed in the denominator. The testing of
propellers for non-cavitation conditions is
essential before proceeding to cavitating

conditions. Firstly, using these results, the

numerical method is validated for simulation of
the fluid flow around the propeller models;
secondly, solving the flow fields in non-cavitating
conditions is used as the initial condition for
propeller cavitation simulations which will be
presented in the next paper.

The characteristic curve in cavitation and
cavitation free conditions are compared in
Figure.(2),(3) for a rotational speed of 1185 rpm.
(New design) in the cavitation condition. Similar
experiments are carried out at 865 rpm. These
data are used as benchmarks experimental work
for the present research these. for propeller
model A; type 2 blades skew angle 20 degree
and developed area 35 (B2-20-35) and propeller
model B; type 2 blades skew angle 20 degree
and developed area 50 (B2-20-50).

The quantitative investigation of cavitation
has been carried out; and now, it is investigated
qualitatively as given in Figures.(5),(6),(7),(8)
and (9) respectively. The pictures shows
cavitation at 865 rpm and at an axial velocity of
2.5 m/s. The photographs in Figure.(5) the
cavitation surface is glassy smooth and the
propeller blade surface is seen clearly behind
the cavitating surface. Thus, it is deduced that
the formed cavitation is the sheet cavitation. It is
seem that the photographs in Figure.(9) The
propeller model C is also tested at 1000 rpm

with a cavity greater developed full area.
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Figure 5. lllustration of propeller cavitation type local at rotational speed of 865 rpm

The photographs in Figure.(6) show cavity and Tailing Thai Boat, An example of sequence
Appearance of propeller 2 blade skew angle 20 by camera at the time when impulsive force was
degree developed area 35,(B2-20-35) Velocity measured.

865 rpm., Type new design for Shallow-Fishery

Figure 6. lllustration of propeller cavitation type new design at rotational speed of 865 rpm
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The photographs in Figure.(7) show cavity Fishery and Tailing Thai Boat, An example of
Appearance of propeller 2 blade Velocity 865 sequence by camera at the time when impulsive
rpm., Type local domestic for market Shallow- force was measured.

Figure 7. lllustration of propeller cavitation type local at rotational speed of 865 rpm developed area 50

The photographs in Figure.(8) show cavity and Tailing Thai Boat, An example of sequence
Appearance of propeller 2 blade skew angle 20 by camera at the time when impulsive force was
degree developed area 50,(B2-20-50) Velocity measured.

865 rpm., Type new design for Shallow-Fishery

Figure 8. lllustration of propeller cavitation type new design at rotational speed of 865 rpm,

(B2-20-50)
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Figure 9. Cavitation full developed at Velocity 1000 rpm. Type Local Domestic

4 CONCLUSIONS

In this paper, cavitation flow is investigated
experimentally on two conventional for shallow-
fishery and tailing Thai boat. The preliminarily
experimental result show better performance,
when compared with local domestic type.

The cavitating performance and open water
performance of Shallow-Fishery and Tailing Thai
Boat has been numerically investigated using a
NOMENCLATURE

Cp = Pressure coefficient
2 2
Cp=(P—Fy)/0.50n D for propeller

2
Cp=(P—Fy)/05pPUq for otherwise
Js = Advance ratio based on V_,

- 2.5
K, =Torque coefficient, Ko =0/pn D

2 4
K, = Thrust coefficient, Kr =T/pn D
n = Propeller rotational frequency (rev/sec)
P_ = Far upstream pressure, at the propeller

[

Axis

mesh based FLUENT solver with a Full
Cavitation model based on transport equation
and standard k- turbulent. The achievement of
this investigation will be presented in the next
publication. The overall results suggest that the
present approach is practicable as a design
approach for low speed propeller for Thailand

fishery industry.

P

sat

= liquid saturated pressure (Pascal)
P = Vapor pressure of water

v

p, q = Field point and variable point

at = Total velocity

Q = Propeller torque

T = Propeller thrust

Uin = Local inflow velocity (in the propeller fixed
system)

UW = Effective inflow velocity (in the ship fixed
system)

Vs = Ship speed

V 1ip = Total velocity at the center of the tip
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vortex core

V w = Total velocity on wake surface

(4]

P
o

n

= Propeller angular velocity
= Fluid density

= Cavitation number based on n,

2
O,=(Fy—P,)/050n2D

O,

\

= Cavitation number based on Vs,

2
O, =(Fy—P,)/0.50V,

ACKNOWLEDGEMENTS

The authors would

Sarawut Wongchenyour

like to thank Captain

(RTN.), Royal Thai

Navy for contributions toward this work.

This work is supported by ANSYS Software

at KMIT'L.

REFERENCES

[1]

(2]

Francisco Pereira et.al., “Experimental and

Numerical Investigation of the Cauvitation

Pattern on a Marine Propeller”,[C]. 24th
Symposium on Naval

Fukuoka, Japan, 8-13 july, 2002.

Hydrodynamics,

Francesco Salvatore et al., “A Viscous /

Inviscous Coupled Formulation for
Unsteady Sheet Cavitation Modelling of
Marine Propellers”,[C]. 5th International
Symposium on Cavitation, Osaka, Japan 1-

4 November, 2003.

[3] Hoeijmakers. H.W.M, Janaaens. M.E, Kwan.

[4]

W,  “Numerical Simulation of Sheet
Cavitation”,[C].3rd International Symposium
on Cavitation Grenoble France, 1998.

Shyy,

Turbulent  with

“Numerical

Sheet

Inanc Senocak, Wei

Simulation  of

(3]

(6]

(7]

(8]

9]

[10]

(1]

[12]

Cavitation”,[C].4th International Symposium
on Cavitation, SessionA7.002, 2001.

Inanc Senocak, Wei Shyy, “A Pressure-
Based Method for Turbulent Cavitating Flow
Computation”, [J]. Journal of Computational
Physics,Vol.176,pp.363-383, 2002.

Kubota A, Kato H, Yamaguchi H, “A new
Modeling of Cavitating Flows: A Numerical
Study of Unsteady Cavitation on A Hydrofoil
Section”,[J]. Journal of Fluid Mechanics,
Vol.240, pp.59-96, 1992.

Amdt,R.,
Annu. Rev. Fluid Mech., Vol.34, pp.143-175,
2002.

"Cavitation in vertical Flows”,

Tsujimoto Y., Kamijo K.,and Brennen C.E.,
“Unified Treatment of Flow Instabilities of
Turbo AIAA  Journal of

Vol.17, No.3,

machines”,
Propulsion and Power,
pp.636-643, 2001.
Brennen C.E., "The bubbly Flow Model for
the Dynamic Characteristics of Cavitating
Pump”,[J].
Vol.89, No.2, pp.223-240, 1978.

and Acosta A.J,

Journal of Fluids Mechanics,

Brennen C.E., “The
Dynamic Transfer Function for a Cavitating
ASME  Jorunal of  Fluids
Vol.98, No.2, pp.182-191,

Inducer”,
Engineering,
1976.
Brennen C.E., “Hydrodynamics of Pumps”,
Oxford University Press and Concepts ETI,
Inc., Oxord, England, U.K., 1994

Brennen C.E., Meissner C., Lo E.Y., and
Hoffmann G.S.”Scale Effects in the
dynamic Transfer Functions for Cavitating
ASME Fluid

Vol.118, No.2, pp.400-408,

Inducers”, Journal  of
Engineering,

1996.



AMM-1037 The 4th TSME International Conference on Mechanical Engineering
16-18 October 2013, Pattaya, Chonburi

[13] Otsuka S., Tsujimoto Y., Kamijo K., Furuya of the full cavitation Model”’, ASME Journal
O.,”Frequency Dependence of mass Flow Fluids Engineering, Vol.124, pp.617-624,
Fain Factor and Cavitation Complicance of 2002
Cavitating Inducers”, ASME Journal of Fluid [15] Rhee S.H., Kawamura T., and Li
Engineering, Vol.118, No.4, pp.400-408, H., "Propeller cavitation study using an
1996. unstructured grid based Navier-Stoker

[14] Singhal A.K., Athavale M.M., Li H. and solver”, ASME Journal Fluids Engineering,

Jiang Y., “Mathematical basis and validation Vol.127, pp.986-994, 2005



AMM-1036

The 4th TSME International Conference on Mechanical Engineering

16-18 October 2013, Pattaya, Chonburi

Propeller Design and Finding of Match-Point for Shallow-Fishery

and Tailing Thai Boat : 3-Blade Type

J. Charoensuk1, J. Noosomton2

Faculty of Engineering, Department of Mechanical Engineering, King Mongkut’s Institute of Technology Ladkrabang,
Chalongkung Rd., Ladkrabang, Bangkok, Thailand 10520
1E-mail; kcjarruw@kmitl.ac.th, Tel. (66)-0-2326-9987, Fax. (66)-0-2326-9053
2E-mail; imcjrn@src.ku.ac.th, Tel. (66)-38-352606-10 Ext.2679, Fax. (66)-38-352607

ABSTRACT

This paper presents the Propeller Design and Find Match-Point for Shallow-Fishery and Tailing Thai

Boat Type 3 Blades in Thailand. The research is concerns about the match-point and propeller shape

designs of: |.) 3 blades-narrow developed area and Il.) 3 blades-width developed area, by using NACA

standards in the design and calculation procedures. The ultimate goal of this research is to offer an

alternative model from existing design which relies on tacit experience of propeller-casting factory in

Thailand, aiming to increase performance of propeller for shallow fishery ships and long-tailing Thai boat.

The values of thrust coefficient (Kt), torque coefficient (Kq), break horsepower engine (BHP) are

considered at various angle of attack (QU), coefficient of advanced velocity (J), Reynolds Number (Re) and

cavitations (O). These values of the new propeller design are analyzed to find the match point that suit

for the application.

Keywords: Optimum Ship Propeller, Propeller Design, cavitations (O)

1 INTRODUCTION

The design of new propeller for shallow-fishery
and tailing Thai boat Type 3 Blades in Thailand,
which has been expect to replace type local
domestic. The propellers are more conditioned by
the analysis of inception and developed
cavitation. In recent years, the design has come
increasing competitive together with a growing
demand of heavily loaded propellers with request
of very low noise and vibration levels onboard.

Thus is the more important inhibitor to the

propulsion system and it is comprehensive the

need of a simple a fast method to predicted and
throughout increase performance of propeller for
shallow fishery ships and long-tailing Thai boat.
The values of thrust coefficient (Kt), torque

coefficient (Kq), break horsepower engine (BHP)

are considered at various angle of attack (QL),

coefficient of advanced velocity (J), Reynolds

Number (Re) and cavitations (O). These values
of the new propeller design are analyzed to find
the match point that suit for the application,
inclusion to predict cavitation behavior of the
propeller in the design stage. As know, Cavitation

flows are highly complicated because it is a rapid
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phase change phenomenon, which often occurs
in the high-speed or rotating fluid machineries. It
is well known that the cavitating flows is of great
interest. Numerical method is highly important
approach for studying the cavitating flow.
Computational methods for cavitation have been
studied since over two decades ago. In general,
the methods can be largely categorized into two
groups, Single-phase modeling with cavitation
interface tracking and multi-phase modeling with
cavitation interface capturing.

The former approach has been widely adopted
for in viscid flow solution methods, such as
potential flow boundary element methods. It
assumes the cavitation region as a large bubble
with a distinct liquid/vapor interface. Basically
three assumptions are made for a cavitation
bubble; the bubble boundary is a free surface; the
pressured inside the bubble is constant and
equals to the vapor pressure of is corresponding
liquid; the closure region of the bubble can be
approximated by a wake model. Third assumption
is prime limitation of the method. The
computations ate done only for the liquid phase;
grid is often regenerated iteratively to conform to
the cavity shape. This method is capable of
simulating sheer cavitation but may not be
adequate for cases in which bubble growth and
detachment exists. In addition they ate limited to
two dimensional planar or axis-symmetric flows
because of the difficulties involved in tracking
three dimension interfaces, Kinnas and Fine
(1993) developed non-linear boundary element
method based on speed potential.

The latter approach can be adopted for viscous
flow solution methods, such as the RANS

equation solvers, and is very popular in the

cavitation research recently. The cavitating flow is
treated as the homogeneous equilibrium single-
fluid flow which satisfies Navier-Stokes equation.
The key challenge is how to define the mixed
density of the single-fluid. In general, the
cavitation modeling can be largely categorized
into two groups according the relation that defines
the variable density field. One cavitation modeling
is based on the equation of state that relates
pressure can density. By assuming the cavitating
process to be isothermal, mixed density is simply
a function of local pressure. Hoeijmakers and
Kwan (1998) adopted a sine law to simulate the
cavitating flow around two dimensional hydrofoils
with Euler equation, and the computational results
of surface pressure coefficient are agreement with
experimental data well Chen and Heister (1996)
derived a time and pressure dependent
differential equation for density. Qiao Qin (2003)
used fifth order polynomial of pressure to define
the mixed density. The other cavitation modeling
is to introduce the concept to volume fraction, and
then the mixed density is calculated using the
volume fraction. Kubota et.al.,(1992) coupled the
Rayleigh-Plesset equation to compute the volume
fraction based on the bubble radius, A mass
transport equation cavitation model has been
recently developed Shin Hyung Rhee and
Kawamura (2003) Studied the cavitating flow
around a marine propeller using an unstructured
mesh with FLUENT 6.1. The cavitating propeller
performance as well as cavitation inception and
cavity bubble shape were in good agreement with
experiment measurements and observation. In
addition, Francesco Salvatore (2003) developed a
hybrid viscous/inviscous approach for the analysis

of marine propeller cavitation.
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2 DESCRIPTIONS AND NUMERICAL METHOD

Description of Propeller Performance
Characterization; Dimensional Attributes:

Diameter [D] Overall diameter of the propeller

Rotation rate[N] rotational speed of the
propeller in rps.

Density [pP] Fluid density

Thrust [T] Propeller axial thrust force

Torque [Q] Propeller shaft torque

Ship speed [V ] Ship velocity

Inflow velocity [V,] Mean inflow velocity
Non-Dimensional Characterization of propeller

performance:

J=—% Advance Coefficient.

ND
T . .
Kp =T 4 Thrust Coefficient.
PON D
2T
Cr= , Thrust Coefficient.,(A= Propulsion
pav,
area)
K ——Q T Coefficient
g 5 5+ Torque Coefficient.
PN D
TV,
n,= , Propeller Efficiency
27INQ
Rt . Vs
77t = , Propulsive Efficiency,(Rt:TotaI Ship
27INQ

resistance)
2.1 Integral Formulation

Consider a right hands propeller rotating with
constant angular velocity (0 in a axisymmetric
incoming flow field Vi it same conclusion can be
drawn for the simpler case of a wing subjected to
an uniform inflow, neglecting the angular velocity
term. In the (x,, y,, z,) coordinate system that

rotates with the propeller, the total velocity vector

V can be written as the sum of the relative

undisturbed inflow V

rel

and the perturbation

potential velocity q. , due to the velocity influence

ind’

of the propeller itself on the velocity field:
V= Vrel + 9ind (1)

Where the relative velocity V, , in the propeller

|

reference system, can be written as:

Viel =Vop — OXr )

re

With the assumption of an inviscid flow,
irrotational flow and incompressible fluid, the
perturbation velocity can be written in terms of a
scalar function, the perturbation potential, which

satisfies the Laplace equation:

g =VP Vid=0 3)

By applying Green’s second identity for the
perturbation potential, the differential problems (3)

can be written in integral form with respect to the

potential ¢p at every point p laying on to the

geometry boundaries. The perturbation potential

¢, represents the internal perturbation potential,
that must be set equal to zero in order to
simulate fluid at rest inside the boundaries of all
the bodies subject to the external inflow (Blade,

hub).

0 1
27Z-¢p :'[SB+SCB [¢q _¢q,- ]Eds

7

q P
o4, 99, ELEPR)

1

J‘SB-|-SCB an an Fog

0 1
+ISW A, a——ds

g "pq

When subscript g corresponds to the variable
point in the integration, n is the unit normal to the

boundary surfaces and r_ is the distance
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between points p and q. equation (4) expresses
the potential on the propeller blade as a
superposition of the potential induced by a
continuous distribution of the sources on the
blade and hub surfaces and a continuous
distribution of dipoles on the blade, hub and wake
surface that can be calculated, directly, via
conditions, or indirectly

boundary inverting

equation (4).
2.2 Boundary Conditions

For the solution of equation (4) a certain
number of boundary conditions must be applied.
Different approaches are possible : a fully linear
approach, in which cavity velocities can be
considered enough small to allow linearization of
boundary conditions or a fully nonlinear one, in
which singularities are located on the cavity
surface that need to be found iteratively. On the
other hand, assumed on the wetted part of the
body the kinematic boundary condition holds and
allows to define the source strengths in terms of
the known inflow velocity relative to the propeller

reference system:

ajqz—l/-nq (5)
"q
At the blade tailing edge the Kutta condition
states that the flow must leave with a finite
velocity or that the pressure jump at the blade
trailing edge must be zero. In a steady problem,
the Kutta condition allows to write the dipole

intensities, constant along each streamlines, on

the wake, first, applying the “linear” Morino Kutta

condition:

U L
Apr o =@r e —Pr g Vg (6)

When the subscripts U and L stand for the upper
and the lower face of the trailing edge. After, the
zero pressure jumps can be achieved via an
iterative scheme. In fact the pressure difference
at trailing edge at each m streamlines is a non

linear function of dipole intensities on the blade:

Ap, (p)=r" (h)—P-(P) @)
2.3 Full Cavitation Model

The mixed density is controlled by vapor

volume fraction f;

Lol ®)

pm_pv pl

The vapor transport equation is written as:

O(Pof)

3 +Vip,vi)=VieuVr)+r,—r, 9)
t

Where p, and p, are the density of vapor and
liquid, respective, R, and R, are the rates of
vapor generation and condensation, respectively.
To solve the equation, R, and R, need to be
et.al.(2002) derived the

given.  Singhal

expressions of R, and R,

1

Jr ) 10
Re=—cesp,pv[§p‘ pJ a=s=sr p<p, 10
1
1
Ji —p, )2 11
Re =C.—— PP %p - fy P>p, (an
S P
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Figure 1. Lab. Water Tunnel and Draft Drawing

2.4 Lifting Line Designed Propellers

In 1952, H W Lerbs"" introduced a new method
for calculating propellers named ‘lifting line”.
Lerbs proposed to substitute the propeller blade
with a so-called lifting line along which the radial
distribution of lift is calculated under the influence
of a number of trailing vortices. This was a new
step forward in which the radial distribution of
circulation (resembling lift or thrust) could be
specified in order to obtain the optimum
efficiency. An important difference from early days
was the possibility to include the influence of the
wake field. But the most consequential difference
was the option to select profile section at each
radius which could not only result in the optimum
circulation/lift but which could also be selected
with a combination of camber and pitch to
achieve optimum cavitation performance, with the
publication of the NACA airfoil sections. Series at
almost the same time, a powerful tool was
emerging, which for the first time could give the
propeller designer a possibility to design a
propeller with respect to cavitation aspects. See

figure (2).

Figure 2. Principle of the “lifting line” calculation

121
model

Evaluation of the cavitation was facilitated by
the work of T Brockett" who, for the above NACA
airfoil sections, calculated a series of charts from
which the onset of cavitation could be
determined. Only the onset of cavitation could be
calculated-not the degree of the chord-wise
extension over the blade surface. As already
mentioned a certain level of cavitation must
regrettably be accepted on most merchant
vessels in order not to compromise the efficiency
too much. To overcome this obstacle, a method
was devised by MAN B&W" to calculate the
chord-wise distribution of lift by using a conformal
mapping technique. As a result the cavitation
could be a truly integrated part of the design
process for the first time. One disadvantage of
the lifting line model lies in the nature of the
method. The substitution of the blade with a lifting
line implies that the chord-wise extension of the
lift is not directly included in the solution. After the
appearance of the lifting surface method, a set of
correction factors has been published[5’6] which
can be incorporated into the lifting line model to

improve the calculation accuracy.
2.5 Lifting Surface Designed Propellers

An improvement of the lifting line model was
developed in the 1980’s (Greeley and Kerwinm) in
an effort to overcome the shortcomings of the

inadequate treatment of chord-wise lift of the
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lifting line method as well as to include the
influence of skew and rake. The method
distinguishes itself from the lifting line, in the way
it models the propeller blade. The surface of the
blade is subdivided into a number of elements
describing the surface, and on which a boundary
condition of no through-flow is prescribed. To
model the strength of the circulation/lift a
distribution of vortices are located on the mean
surface, and to include the effect of induced drag,
a number of free trailing vortices are shed from
each element. The method proved valuable in
contribution to the understanding of skew and in
particular its influence on pitch, camber and
thickness which the lifting line had failed to do,
without the inclusion of lifting surface correction
factors. As with the lifting line method, the lifting
surface method is sensitive as to how the trailing
wake is modeled. This is especially important for

heavily loaded propellers. See Figure (3).

Figure 3. Principle of the “lifting surface”

calculation modeI[Z]
2.6 Blade Design

With all preconditions set the blade design
can proceed. The main objectives within the
constraint mentioned earlier is to obtain as high a
TPE as possible and to suppress the cavitation to
an acceptable level. However, for a fixed
propeller diameter the only part-efficiencies being
influenced by the blade design are the open

water efficiency and the relative rotate efficiency.

It is a common belief among propeller designers
that the two design objectives are in contradiction
to each other and consequently must be balanced
to get a compromised design. But today some
design features are available which can be
applied to reduce the cavitation without sacrificing
the efficiency. To build up a propeller blade, the
complicated 3-dimensional form is usually

reduced into 2-dimensional elements which are

then adjusted during the design process.
2.7 Blade area

The blade area should be kept as small as
possible in order to reduce the friction losses
when turning in the water, but to suppress the
cavitation extension a certain area is needed. A
measure of the blade area is the so-called “blade
area ratio” (A.J/A,) which is the ratio of all the
blades compared to the area of the circle
circumscribed by the propeller diameter. See

Figure (4).

Figure 4. Different blade area ratios: Left:
Ae/A0=0.40, Center: Ae/A0=0.55, Right:
Ae/A0=0.70""
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2.8 Blade shape

The blade shape can be varied to even out the
cavitation along radius and in the case of a
nozzle propeller, it is advantageous to have wide-
chord length at the tip (Kaplan shape). See
Figure (5).

Figure 5. Different blade shapes, Max chord
location varied from center of blade to tip of

blade.”
2.9 Skew angle

A powerful tool to suppress propeller induced
noise and vibration is the application of skew. For
modern CP propellers, the skew distribution is of
the balanced type, which means that the blade
chords at the inner radii are skewed (moved)
forward, while at the outer radii the chords are
skewed aft. By applying this type of skew it is
possible to control the forces (spindle torque)
needed for pitch settings. In most cases the
blades will be balanced in such a way that the
forces in the design pitch setting will be zero.
Skew has the advantage of reducing the pressure
impulses emitted from propeller to the hull surface

to as much as one third of an un-skewed design

without sacrificing the efficiency, which will remain

unchanged. See Figure (6),(7).

Figure 6. Left: Non Skew, Right: Low Skew[z]

Figure 7. Left: Medium Skew, Right: High Skew"”
2.10 Rake

The noise and vibration level in the aft ship
depends on the distance between the propeller tip
and hull surface - in particular exactly above and
in front of the propeller. A way of increasing the
distance is to rake (incline) the blade towards aft.
As with skew the efficiency remains unchanged.
However, the blade is exposed to higher stresses
originating from an increase in the centrifugal
forces which must be counteracted by an

increase in blade thickness. See Figure (8).

Figure 8. Aft raked propeller[z]
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2.11 Profile section

For each radius, the blade is built-up of 2-

dimensional airfoil sections. The airfoil used in
propellers is mostly from the NACA family series
which have proven successful in having both low
drag and good cavitation characteristics. A NACA
profile is characterized by a basic thickness and a
camber distribution which can be changed
independently of each other. This facilitates the
design of profiles with specific properties at each

radius. See Figure (9).

Figure 9. Typical profile sections at different

propeller radiim
3 RESULTS AND DISCUSSIONS

For validation of the numerical method, open
water computational results are compared with
the experimental data, which come form
Francisco Pereira et.al.(2002) Table (1) presents
the coordinate thickness of propeller blade with
design for shallow-fishery and tailing Thai boat
Type 3 Blades skew angle 30 degree developed

area 35.

Table 1. Coordinate thickness of propeller blade Type B3-30-35 (New Design)

Backyard of Blade
Trailing Edge Leading Edge
T'max

rIR

100% 80% 60% 40% 20% 20% 40% 60% 80% 90% 95% 100%
0.95 0.32 0.52 0.63 0.70 0.72 0.70 0.64 0.52 0.32 0.21 0.16
0.90 0.83 1.29 1.61 1.79 1.85 1.79 1.61 1.29 0.83 0.56 0.41
0.80 1.22 2.02 2.54 2.88 2.98 2.89 2.54 2.04 1.44 1.03 0.76
0.70 1.62 275 3.48 3.97 4.10 4.01 3.64 3.07 2.34 1.81 1.44
0.60 2.10 3.51 4.47 5.06 5.23 5.13 4.77 415 3.33 273 227
0.50 2.76 4.35 5.48 6.17 6.36 6.24 5.88 5.23 4.31 3.61 3.09
0.40 3.57 5.26 6.48 7.26 7.49 7.35 6.98 6.31 5.27 4.50 3.91
0.30 4.39 6.17 7.48 8.34 8.62 8.48 8.10 7.39 6.25 5.40 4.73
0.20 5.20 7.08 8.47 9.25 9.74 9.61 9.21 8.48 7.25 6.27 5.55

Front of Blade

rR 100% 80% 60% 40% 20% T'max 20% 40% 60% 80% 90% 95% 100%
0.80 2.98 0.22
0.70 4.10 0.02 0.10 0.66
0.60 0.27 5.23 0.04 0.23 0.44 1.28
0.50 0.62 0.11 6.36 0.04 0.27 0.54 0.85 1.93
0.40 1.34 0.46 0.11 7.49 0.02 0.20 0.58 0.94 1.34 2.58
0.30 2.18 1.05 0.50 0.15 8.62 0.11 0.40 0.93 1.43 1.91 3.24
0.20 2.92 1.77 1.06 0.53 0.15 9.74 0.04 0.22 0.57 1.31 1.98 2.55 3.90
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In figures (10),(12) show drawing design of new propeller model for casting furnaces. This is after
propeller type 3 blade skew angle 30° EAR 35 casting already it given new propeller for
and 50 respective, for Figure (11),(13) was experimental.

Figure 10. Drawing Type 3 Blades Angle 30 Degree Developed Area 35; (B3-30-35) (New Design)

r e |

e
Figure 11. lllustration of propeller Model and Propeller casting Type B3-30-35 (New Design)

Figure 12. Drawing Type 3 Blades Angle 30 Degree Developed Area 50 (New Design)
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Figure 13. lllustration of propeller Model and Propeller casting Type B3-30-50 (New Design)

The photographs in Figure.(14),(15) show Type new design for Shallow-Fishery and Tailing
cavity Appearance of propeller 3 blade skew Thai Boat, An example of sequence by camera at
angle 30 degree developed area 35,(B3-30-35) the time when impulsive force was measured.

velocity speed 600 and 800 rpm. Respective,

Figure 14. lllustration of propeller cavitation type B3-30-35 Velocity 600 rpm. (Tank Test)

Figure 15. lllustration of propeller cavitation type B3-30-35 Velocity 800 rpm. (Tank Test)

The photographs in Figure.(16),(17) show Type new design for Shallow-Fishery and Tailing
cavity Appearance of propeller 3 blade skew Thai Boat, An example of sequence by camera at
angle 30 degree developed area 50,(B3-30-50) the time when impulsive force was measured.

velocity speed 600 and 800 rpm. respective,
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Figure 16. lllustration of propeller cavitation type B3-30-50 Velocity 600 rpm. (Tank Test)

Figure 17. lllustration of propeller cavitation type B3-30-50 Velocity 800 rpm. (Tank Test)

4 CONCLUSIONS

An elucidate the bursting phenomenon of tip
vortex cavitation, with experiments in a water
tunnel and numerical simulation were carried out
with two propellers,(B3-30-35, B3-30-50) and
different  thrust coefficients and cavitation
numbers. The results obtained suggest that, large
pressure fluctuations was measured twice in a
series showing the bursting phenomenon in one
rotation of propeller blade. In the first bursting tip
vortex cavitation from the preceding blade
interfere the sheet cavity, and that made the
sheet cavity unstable and its trailing edge swelled
significantly. When the sheer cavity was shed to

the tip vortex cavitation and a vortex cavity from

the trailing edge of the sheer cavity intertwined

with each other, causing implosion and rebound
again and again. At this time, the tip vortex
cavitation was spitted into many bubbles, and a
bubble cluster, including small vortex cavities,
formed. In the second, bursting occurred when
the following blade approached upstream of the
vibrating vortex, which had been intensely
disturbed in the first bursting. The following blade
swiftly obstructed the flow and caused tip vortex
cavitation implosion and rebound again, and at
that time bubbles in the tip vortex cavitation
collapsed repeatedly and randomly.

The experiment has been considered to
reduce the fluctuating pressure caused by
bursting. One is to stabilize the tip vortex

cavitation, and the other is to reduce the
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cavitation itself. The occurrence of tip vortex
cavitation can be predicted by the rate of change
of the tip vortex intensity. The bursting occurs
because the rate of change of the tip vortex

intensity is related to the stability of the tip vortex.
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Abstract

This paper presents to case study new design of
propeller 3 blade types and focus cavitation flow around
ship propellers experimentally. Testing of different types
new model propellers and local type propellers are
performed in this study. A 3-blades, skew angle 22 degree,
developed area 35 which call Model-A (B3-22-35) and
comparison which local type propeller commonly used by
Thai fishermen. A practical design method was achieved by
combining a vortex lattice lifting method and lifting surface
method. The optimum circulation distribution yielding the
maximum lift-to-torque ratio was computed for given thrust
and chord lengths along the radius of the propeller by
dividing the blade into a number of panels extending from
hub to tip. The radial distribution of bound circulation could
be computed by a set of constant-strength vortex elements.
The cavitation phenomenon of new design appeared to be
less than local type.

Keywords: Skew Angle, Developed Area, Cavitation

Number (o).

1. Introduction

1.1  Background of the Problem

Cavitation flows are highly complicate because it is a
rapid phase change phenomenon, which often occurs in the
high-speed or rotating fluid machineries. It is well known
that the cavitation flows is of great consideration in the
design process of marine propellers and must be optimized
for specified operating condition. Although computational

fluid dynamics has played an important role in design
process of marine propellers for more than two decades, a
conventional design method so-called "The lifting line
method (LLM)" and “A vortex-lattice method (VLM)” was
introduced for the analysis of fully wetted propeller flows
by G.Kuiper®, the method was later extended to treat
unsteady sheer cavitating flows by Akihisa Konno® and
Breslin and colleagues®. In Kinnas®, Kinnas and Pyo®, a
leading-edge correction was introduced to account for the
defect of the linear cavity solution near a round leading
edge, with this design method, the blade shape is replaced
by an infinitely thin surface which takes the form of the
blade camber line upon which a distribution of vortices is
placed in both the spanwise and chord directions®®. The
method of this type used this basis for their formulations
and the solution of the flow in many ways of the thin
blades. Additionally, the vortex lattice method is adopted as
part of the lifting surface method. It is discretize from the
continuous distributions of vortices and sources which are
replaced by a finite set of straight line elements of constant
strength whose end points lie on the blade camber surface.
From this system of line vortices, the velocities are
computed at a number of suitably located control points
between the elements. Their distributions at time and space
have to be determined using the boundary conditions of the
flow condition being analyzed. The source distributions,
however, are independent with time and their distributions
over the blade are established using a strip-wise application
of thin blade at each of the radial positions.

When applied for the design of blade, the geometry of
the blade is only partially known in so far as the radial
distributions of chord, while rake, skew and section
thickness distributions are known. The radial distribution of

© 2015 The Institute of Industrial Applications Engineers, Japan.



pitch and the chord-wise and radial distribution of camber
remain to be determined. In order to solve the new design
the source and vortex distributions representing the blades
and their wakes need to be placed on suitable reference
surfaces to enable the induced velocity field. Linear theory
assumes that the perturbation velocities due to the propeller
are small compared with the inflow velocities. However,
the real viscous and turbulent behavior of flow shows the
phenomenon of divergence with this design method, for
instance, in the calculation of the radial loading parameter.
If this carry a stage further the divergence becomes
increasingly larger when using this method for
determination of camber and angle of attack and hence
section pitch. This is in part due to the variety of correction
procedure adopted for the lifting line method which, a
conceptual way, the basis of the lifting surface method®?.
Despite of above mentioned, the methodology for
low-speed propeller as normally used in shallow fishery in
developing world has, however, been at the early stage and
far from those normally performed in design and analysis of
propeller blade in marine industry. This paper aims to show
technique of vortex lattice lifting method and lifting surface
method which have not yet been used for low-speed,
diesel-engine driven, propellers for tailing Thai boat.

In this paper, the cavitation performance and open
water performance of Tailing Thai Boat, 3 Blade type on 22
degree skew angle and 35 developed area. The effect of
non-condensable gas mass fraction of predicted cavitation
performance was mainly studied. The predicted cavity
shapes were in good agreement with comparison the local
domestic propeller. Which the shallow-fishery and tailing
Thai boat used low-diesel engine by the researcher
observation and result on open literature.

2. Description and Experiment

2.1  Description

2.1.1 Propeller Design

It’s my intention to discuss these new developments.
The focus of this paper is to assessment the supplication to
propeller design and the possibilities which arise. For that
purpose | will consider a local propeller designer, who has
to design a ship propeller for tailing Thai boat. Which this
researches to practical design method was achieved by
combining a vortex lattice lifting method and lifting surface
method.

2.1.2 Propeller Performance

The propeller design generally starts with a given hull
form a required ship speed. Important goals of the propeller
design are minimum power or call optimum efficiency and
the correct rotation rate of the propeller by up to the main
engine. And there are two important boundary conditions at
full scale®”,

A. Determination of propeller inflow

The propeller thrust is difficult to measure at full scale,
but at least it is an existing force. This is different for the
nominal wake distribution, which the full scale of source
code program (SCP)? for calculations not only gives the
required propeller thrust, but also the total velocity
distribution in front of the propeller. And this total velocity
field in front of a propeller can be validated at full scale
because it exists in this SCP. The total inflow into the
propeller induced velocities can be subtracted to give the
inflow distribution for the propeller design. The propeller
induced velocities can be estimated from a preliminary
propeller design and can be adjusted iteratively later on.
When a calculation for model scale is combined with a
propeller performance calculation the calculated required
torque at model scale can be validated also by a propulsion
test, which gives another anchorpoint for the calculation of
the propeller inflow distribution. Again, this gives only an
anchorpoint. The calculation for full is fully SCP. An
important aspect of this approach is that the nominal wake
is again omitted.

B. Determination of Thrust

The propeller design then has to find the required thrust
and inflow velocity or wake distribution of propeller. What
the normally gets from model test is the resistance, a
nominal wake field and a thrust deduction. A rather crude
extrapolation is then applied involving flat plate resistance
and roughness allowances to arrive at a resistance
prediction for full scale. The problem is that the full scale
resistance cannot be measured. It is a purely conceptual
quantity to arrive at the required full scale thrust. It seems
attractive to validate the source code program (SCP) for
calculations with the measured resistance at model scale.
This resistance is measured with high accuracy because
even very small differences count for the fuel consumption
of a ship. As a result the source code program (SCP) for
calculations sometimes cannot match the accuracy,
however, is a wrong comparison, because there is not real



need for the source code program (SCP) for calculations to
predicted the model resistance more accurately than the
whole chain in the experimental extrapolation method. And
this can be include the propeller action, although a realistic
loading distribution makes symmetry of the calculation
impossible and thus increases the calculate time. The
challenge of research program at model basins is then not to
calculate the ship resistance at model scale with the same
accuracy as the model test, but to establish a correlation
between the calculated results of propeller torque and full
scale data. If the deviations of the full scale torque from the
calculated torque are smaller than from extrapolated model
tests, an improvement has been obtained. In that case the
resistance without propeller and the nominal wake become
irrelevant.

2.2 Experimentation

From the design method mentioned in the earlier section
the  characteristic ~curves under cavitation and
non-cavitation conditions can be determined. Usually, the
characteristic curves are variations of thrust and torque
coefficients, with respect to the advance coefficient. In
obtaining the characteristic curves by lift surface method
the rotational speed was kept constant and the advance
velocity was varied in the range of allowable water tunnel
flow speed (e.g., in the current water tunnel, 0 - 3.5 m/s).
Thus, different values for the advance coefficient were
obtained, see Fig. (1). this section also illustrates the test
results of newly designed propellers, namely Model A and
against the conventional propeller, Model C. The main
purpose of this performance test on this newly designed
propeller in the water tunnel against the domestic type
conventionally used in Thailand (Tablel) was to compare
the behavior of occurring bubble at various rotational
speeds. In the non-cavity test, the static pressure was
constant at the value of the usual operating pressure.

Table 1. Principal particular of new design Model-A and
Model-C (Local type)

Model-A | Model-C
Model Name

(3-22-35) | (Local)
Number of blades 3 2
Diameter (m) 0.24 0.25
P/D 0.94 -
EAR=AE/AO 0.35 ~0.50
Skew Angle (degree) 22 ~21
Open W. eff. 0.83 -

| Cavityat0.7R 1.566 -

The reason behind the above mentioned procedure lies
in the type of dimensional analysis that is used for deriving
non-dimensional coefficients in characteristic curves. The
necessary dimensional analysis for open water conditions
has been calculated but not given in this paper. In cavitation
analysis, two kinds of curves were derived. One was the
characteristic curve in a constant cavitation number, which
was used to show the deviation of torque and thrust from a
non-cavitation state. The second was the diagram of torque
and thrust coefficients on the basis of the cavitation
number, which was used to show the cavitation breakdown
analysis. Then the static pressure and advance velocity
inside the cavitation tunnel test section were lowered
gradually in order to sketch the required diagrams. Axial
velocity was varied from 0.3 to 3.5 m/s. It is seen from Fig.
(1) That at low values of J, there is an appreciable
difference between the results. This is a general fact
because according to the definition, Ky is proportional to
the first power of thrust rather than the second power of
rotational speed as seen in the denominator.

Fig. 1. Characteristic curve of Model-A Type 3 Blade
22° skew angle and 35 developed area (B3-22-35)

Fig. 2. lllustrations of Tailing Thai Boat with 2-blades
type propeller
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Fig. 3. Installation of propeller in the water tunnel

Test unit and propeller installation in a water tunnel
laboratory in the southern part of Thailand. Fig. (2) Depicts
the installation of the propeller on tailing Thai Boat and
Fig. (3) Shows the installation of the propeller inside the
water tunnel. Figs. (4) and (5) Shows the body plan of the
geometry and propeller model of the Model A [B3-22-35].
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Fig. 4. Drawing Design 3 Blades Type 22° Skew Angle Developed Area 35(New Design, Model-A)

Fig. 5. Hlustration of propeller Model Type B3-22-35 (New
Design, Model A)

The test results of model A and model C in
non-cavitation states with the rotational speeds of 850 rpm
and 900 rpm are depicted in Figs. (6),(7) and (8). The
testing results of propellers for non-cavitation conditions
are essential before proceeding to cavitation conditions for
two reasons. Firstly, this test result will be a platform where
the numerical method is validated for simulation of the
fluid flow around the propeller models. Secondly, solving
the flow fields in non-cavitating conditions is used as the
initial condition for cavitation simulations which will be
presented in the next paper.

The characteristic curve throughout cavitation and
cavitation free conditions are also compared, see Fig. (1)
For a blade designed up to maximum rotational speed of
1185 rpm (a predefined designed speed) when maximum
cavitation occur. Due to limitation of test tank facility,
operating condition was carried out 850 rpm. These data
were used as a design condition for the new models and
therefore used to carry out the experimental result. The
misbelieving among local operators regarding the role of
cavitation bubbles on performance of the propeller is the
major cause of inefficient use of energy in Thailand’s local
fishery industry. It is necessary to provide strong evidence,
how generated bubbles could deteriorate the blade’s
mechanical integrity and to see how bubbles could have
negative effect to the blade performance. To serve this
purpose the test result on Model C was done at 850 rpm and
further extended to 900 rpm in order to demonstrate full
cavitation. According to the plan, this experimental work
would include test conditions of Model A at 850 rpm.
However, the support structure of the test tank and the bed
of the channel had shown a sign of damage. The
experimental work at this particular condition was then
cancelled.

© 2015 The Institute of Industrial Applications Engineers, Japan.
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Table 2. Summary of test conditions all experiments were carried out at water flow speed of 3.5 m/s.

Test
. Model A | Model C Remark
condition,(rpm)
850 v v To compare cavitation among Model Aand C
900 N/A** v To observe full cavitation of Model C

** Not available due to high thrust force and bed pressure that may cause damage to the test tank

The quantitative investigation on cavitation had been
carried out given in Fig. (6) As for model A. The angular
speed of this test condition was at 850 rpm, this is a new

design for Shallow-Fishery and Tailing Thai Boat. Below
are series of pictures taken in consequence by a camera at
the time impulsive force was detected.

Fig. 6. Hllustration of propeller cavitation Model A at rotational speed 850 rpm.

3. Discussion

3.1 Discussion; Cavitation of Model A (New design) and
Model B at 850 rpm.

The rotational speed 850 rpm from Fig. (6) found that
skew angle 22° developed area 35 have been that ring of
cavitation less many than that occurred less than model C.
In Figs. (7) and (8) are the photographs for propeller type:
Model C, which is commonly used by locals. They show
the cavitation developed strongly when the rotational speed
is as high as 850 rpm which the pictures are found that the
occurred of behavior cavitation in Model C, it is formed in
front of blade (discharge side) and it a negative pressure. So
the demonstrated seen how that the propeller was low
performance.

Fig. 7. lllustration of propeller cavitation Model C
at rotational speed 850 rpm

One should be noted that in Fig. (7) Cavitation occurred
with Model C at 850 rpm and at axial velocity of 2.5 m/s. It
suggested the cavitation surface was glassy smooth and the
propeller blade surface was seen clearly behind the surface.
Thus, it could be deduced that the formed cavitation was
the sheet cavitation. The propeller was further tested at 900
rpm with a cavity greater developed up to full area of the
blade, the photographs of such test condition is given in
Fig. (8) The large pressure fluctuation was measured twice
in a series showing the bursting phenomenon in one
rotation of propeller blade In the first stage, bursting tip
vortex cavitation from the preceding blade interfere the
sheet cavity, and that made the sheet cavity unstable and its
trailing edge swelled significantly. The sheer cavity was
shed to the tip vortex cavitation and a vortex cavity from
the trailing edge of the sheer cavity intertwined with each

© 2015 The Institute of Industrial Applications Engineers, Japan.



other, causing implosion and rebound again and again. At
this time, the tip vortex cavitation was spitted into many
bubbles, and a bubble cluster, including small vortex
cavities, formed. Instantaneously, bursting occurred when
the following blade approached upstream of the vibrating
vortex, which had been intensely disturbed in the first
bursting. The following blade swiftly obstructed the flow
and caused tip vortex cavitation implosion and rebound
again, and at that time bubbles in the tip vortex cavitation
collapsed repeatedly and randomly.

Fig. 8. (a) Initial Cavitation of Model C

Fig. 8. (b) Full cavitation at rotational speed 900 rpm,
local type propeller

3. Conclusion

In this paper, cavitation flow is investigated
experimentally on new designed and one conventional
propeller for shallow-fishery and tailing Thai boat. The
preliminary experimental result of the new blades shows
better performance when compared with local domestic
type. The cavitation performance and open water
performance of Shallow-Fishery and Tailing Thai Boat
based on transport equation and standard k- turbulent. The
elucidation bursting phenomenon of tip vortex cavitation,
with experiments in a water tunnel were carried out with
two propellers, new propeller (B3-22-35) having different
thrust coefficients and cavitation numbers. The results
obtained suggested that, the modification in blade design
has been considered to reduce the fluctuating pressure
caused by bursting. One is to stabilize the tip vortex
cavitation, and the other is to reduce the cavitation itself.
The occurrence of tip vortex cavitation can be predicted by
the rate of change of the tip vortex intensity. The bursting
occurs because the rate of change of the tip vortex intensity
is related to the stability of the tip vortex. The achievement
of this investigation will be presented in the next
publication. However, this investigation suggests that the
present approach is practicable as a design approach for low
speed propeller for Thailand fishery industry.
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ABSTRACT
This paper presents to case study the method new design of propeller 3 blade types
and focus cavitation flow around ship propellers experimentally. Testing of different
types new model propellers and local type propellers are performed in this study. A 3
blades, 18° skew angle, 75 developed area which call Model-A (B3-18-75)

Keyword: Skew Angle, Developed Area, Cavitation Number (o)

1. Introduction

1.1 Statement of the Problem

Cavitation flows are highly complicate because it is a rapid phase change
phenomenon, which often occurs in the high-speed or rotating fluid machineries. It is
well known that the cavitation flows is of great consideration in the design process of
marine propellers and must be optimized for specified operating condition. Although
computational fluid dynamics has played an important role in design process of
marine propellers for more than two decades, a conventional design method so-called
The lifting line method (LLM) and A vortex-lattice method (VLM) was introduced for
the analysis of fully wetted propeller flows by Kerwin and Lee, the method was later
extended to treat unsteady sheer cavitating flows by Lee and Breslin and colleagues.
In Kinnas and Pyo, a leading-edge correction was introduced to account for the defect
of the linear cavity solution near a round leading edge, with this design method, the



blade shape is replaced by an infinitely thin surface which takes the form of the blade
camber line upon which a distribution of vortices is placed in both the spanwise and
chord directions. The method of this type used this basis for their formulations and the
solution of the flow in many ways of the thin blades. Additionally, the vortex lattice
method is adopted as part of the lifting surface method. It is discretize from the
continuous distributions of vortices and sources which are replaced by a finite set of
straight line elements of constant strength whose end points lie on the blade camber
surface. From this system of line vortices, the velocities are computed at a number of
suitably located control points between the elements.

Their distributions at time and space have to be determined using the boundary
conditions of the flow condition being analyzed. The source distributions, however,
are independent with time and their distributions over the blade are established using
a strip-wise application of thin blade at each of the radial positions. When applied for
the design of blade, the geometry of the blade is only partially known in so far as the
radial distributions of chord, while rake, skew and section thickness distributions are
known. The radial distribution of pitch and the chord-wise and radial distribution of
camber remain to be determined. In order to solve the new design the source and
vortex distributions representing the blades and their wakes need to be placed on
suitable reference surfaces to enable the induced velocity field. Linear theory assumes
that the perturbation velocities due to the propeller are small compared with the
inflow velocities.

However, the real viscous and turbulent behavior of flow shows the phenomenon
of divergence with this design method, for instance, in the calculation of the radial
loading parameter. If this carry a stage further the divergence becomes increasingly
larger when using this method for determination of camber and angle of attack and
hence section pitch. This is in part due to the variety of correction procedure adopted
for the lifting line method which, a conceptual way, the basis of the lifting surface
method. Despite of above mentioned, the methodology for low-speed propeller as
normally used in shallow fishery in developing world has, however, been at the early
stage and far from those normally performed in design and analysis of propeller blade
in marine industry. This paper aims to show technique of vortex lattice lifting method
and lifting surface method which have not yet been used for low-speed, diesel-engine
driven, propellers for tailing Thai boat.

In this paper, the cavitation performance and open water performance of Tailing
Thai Boat, 3 Blade type on 18° skew angle, 75 developed area. The effect of
non-condensable gas mass fraction of predicted cavitation performance was mainly
studied. The predicted cavity shapes were in good agreement with comparison the
local domestic propeller. Which the shallow-fishery and tailing Thai boat used



low-diesel engine by the researcher observation and result on open literature.

1.2 Authors
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Chonburi, 20230 Thailand and e-mail: imcjrn@src.ku.ac.th.

2. Description and Experiment
2.1 Description
2.1.1 Propeller Design
It’s my intention to discuss these new developments. The focus of this paper is to
assessment the supplication to propeller design and the possibilities which arise. For
that purpose | will consider a local propeller designer, who has to design a ship
propeller for tailing Thai boat. Which this researches to practical design method was
achieved by combining a vortex lattice lifting method and lifting surface method.

2.1.2 Propeller Performance

The propeller design generally starts with a given hull form a required ship speed.
Important goals of the propeller design are minimum power or call optimum
efficiency and the correct rotation rate of the propeller by up to the main engine. And
there are two important boundary conditions at full scale.

1.1 Determination of propeller inflow

The propeller thrust is difficult to measure at full scale, but at least it is an existing
force. This is different for the nominal wake distribution, which the full scale of
source code program (SCP) for calculations not only gives the required propeller
thrust, but also the total velocity distribution in front of the propeller. And this total
velocity field in front of a propeller can be validated at full scale because it exists in
this SCP. The total inflow into the propeller induced velocities can be subtracted to
give the inflow distribution for the propeller design. The propeller induced velocities
can be estimated from a preliminary propeller design and can be adjusted iteratively
later on. When a calculation for model scale is combined with a propeller
performance calculation the calculated required torque at model scale can be validated
also by a propulsion test, which gives another anchorpoint for the calculation of the
propeller inflow distribution. Again, this gives only an anchorpoint. The calculation
for full is fully SCP. An important aspect of this approach is that the nominal wake is
again omitted.



1.2 Determination of Thrust

The propeller design then has to find the required thrust and inflow velocity or
wake distribution of propeller. What the normally gets from model test is the
resistance, a nominal wake field and a thrust deduction. A rather crude extrapolation is
then applied involving flat plate resistance and roughness allowances to arrive at a
resistance prediction for full scale. The problem is that the full scale resistance cannot
be measured. It is a purely conceptual quantity to arrive at the required full scale
thrust. It seems attractive to validate the source code program (SCP) for calculations
with the measured resistance at model scale. This resistance is measured with high
accuracy because even very small differences count for the fuel consumption of a
ship. As a result the source code program (SCP) for calculations sometimes cannot
match the accuracy, however, is a wrong comparison, because there is not real need
for the source code program (SCP) for calculations to predicted the model resistance
more accurately than the whole chain in the experimental extrapolation method. And
this can be include the propeller action, although a realistic loading distribution makes
symmetry of the calculation impossible and thus increases the calculate time. The
challenge of research program at model basins is then not to calculate the ship
resistance at model scale with the same accuracy as the model test, but to establish a
correlation between the calculated results of propeller torque and full scale data. If the
deviations of the full scale torque from the calculated torque are smaller than from
extrapolated model tests, an improvement has been obtained. In that case the
resistance without propeller and the nominal wake become irrelevant.

2.1.3 Integral Formulation

Consider a right hands propeller rotating with constant angular velocity @ in the
axisymmetric incoming flow field V., it same conclusion can be drawn for the simpler
case of a wing subjected to an uniform inflow, neglecting the angular velocity term. In
the (Xp, Yp, Zp) coordinate system that rotates with the propeller, the total velocity
vector V can be written as the sum of the relative undisturbed inflow V. and the
perturbation potential velocity ging, due to the velocity influence of the propeller itself
on the velocity field:

V =V +0Uing (1)
Where the relative velocity Vi , in the propeller reference system, can be written as:
Vig =V, —oxr )

With the assumption of an inviscid flow, irrotational flow and incompressible fluid,
the perturbation velocity can be written in terms of a scalar function, the perturbation
potential, which satisfies the Laplace equation:

Oing =V V=0 ©)



By applying Green’s second identity for the perturbation potential, the differential
problems (3) can be written in integral form with respect to the potential ¢, at every
point p laying on to the geometry boundaries. The perturbation potential ¢ represents
the internal perturbation potential, that must be set equal to zero in order to simulate
fluid at rest inside the boundaries of all the bodies subject to the external inflow
(Blade, hub).
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When subscript q corresponds to the variable point in the integration, n is the unit
normal to the boundary surfaces and ryq is the distance between points p and g.
equation (4) expresses the potential on the propeller blade as a superposition of the
potential induced by a continuous distribution of the sources on the blade and hub
surfaces and a continuous distribution of dipoles on the blade, hub and wake surface
that can be calculated, directly, via boundary conditions, or indirectly inverting
equation (4).

2.1.4 Boundary Conditions

For the solution of equation (4) a certain number of boundary conditions must be
applied. Different approaches are possible: a fully linear approach, in which cavity
velocities can be considered enough small to allow linearization of boundary
conditions or a fully nonlinear one, in which singularities are located on the cavity
surface that need to be found iteratively. On the other hand, assumed on the wetted
part of the body the kinematic boundary condition holds and allows defining the
source strengths in terms of the known inflow velocity relative to the propeller
reference system:

%:_V.nq (5)

on,

At the blade tailing edge the Kutta condition states that the flow must leave with a
finite velocity or that the pressure jump at the blade trailing edge must be zero. In a
steady problem, the Kutta condition allows to write the dipole intensities, constant
along each streamlines, on the wake, first, applying the “linear” Kutta condition:

Apre =de —bre +Vea Tre (6)
When the subscripts U and L stand for the upper and the lower face of the trailing
edge. After, the zero pressure jumps can be achieved via an iterative scheme. In fact
the pressure difference at trailing edge at each m streamlines is a non linear function
of dipole intensities on the blade:

APy (4) = P (#) = Py (4) (1)



2.1.5 Full Cavitation Model
The mixed density is controlled by vapor volume fraction f:

Lt Aot 8
Pm Py Pi

The vapor transport equation is written as:

(pn f)

) VoV ) = Vi V) +R, - R, 9)

Where p, and p, are the density of vapor and liquid, respective, Re and R. are the rates
of vapor generation and condensation, respectively. To solve the equation, Re and R
need to be given. Singhal™" derived the expressions of Re and R, , For this Figure (3)
shows Lab. water tunnel and draft drawing.
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P
k — %
RC:Cc%plpl(%p pvj f,, p>p, (11)
|

2.2 Experimentation

From the design method mentioned in the earlier section the characteristic curves
under cavitation and non-cavitation conditions can be determined. Usually, the
characteristic curves are variations of thrust and torque coefficients, with respect to
the advance coefficient. In obtaining the characteristic curves by lift surface method
the rotational speed was kept constant and the advance velocity was varied in the
range of allowable water tunnel flow speed (e.g., in the current water tunnel, 0 - 3.5
m/s). Thus, different values for the advance coefficient were obtained, see Fig. (1).
this section also illustrates the test results of newly designed propellers, namely
Model A and against the conventional propeller, Model C. The main purpose of this
performance test on this newly designed propeller in the water tunnel against the
domestic type conventionally used in Thailand (Tablel) was to compare the behavior
of occurring bubble at various rotational speeds. In the non-cavity test, the static
pressure was constant at the value of the usual operating pressure.

Table 1. Principal particular of new design Model-A and Model-C (Local type)

Model Name Model-A(3-18-75) | Model-C (Local)
Number of blades 3 2
Diameter (m) 0.24 0.25

P/D 0.906 -
EAR=AE/AO 0.75 ~0.50
Skew Angle (degree) 18 ~21

Open W. eff. 0.64 -




Cavity at 0.7R 1.681 -
The reason behind the above mentioned procedure lies in the type of dimensional
analysis that is used for deriving non-dimensional coefficients in characteristic curves.
The necessary dimensional analysis for open water conditions has been calculated but
not given in this paper. In cavitation analysis, two kinds of curves were derived. One
was the characteristic curve in a constant cavitation number, which was used to show
the deviation of torque and thrust from a non-cavitation state. The second was the
diagram of torque and thrust coefficients on the basis of the cavitation number, which
was used to show the cavitation breakdown analysis. Then the static pressure and
advance velocity inside the cavitation tunnel test section were lowered gradually in
order to sketch the required diagrams. Axial velocity was varied from 0.3 to 3.5 m/s.
It is seen from Fig. (1) That at low values of J, there is an appreciable difference
between the results. This is a general fact because according to the definition, Kr is
proportional to the first power of thrust rather than the second power of rotational
speed as seen in the denominator.

Fig. 1. Characteristic curve of Model-A Type 3 Blade 18° skew angle and 75
developed area (B3-18-75)

Fig. 2. lllustrations of Tailing Thai Boat with propeller 2-blades type



Fig. 3. Installation of propeller in the water tunnel
Test unit and propeller installation in a water tunnel laboratory in the southern part of
Thailand. Fig. (2) Depicts the installation of the propeller on tailing Thai Boat and
Fig. (3) Shows the installation of the propeller inside the water tunnel. Fig. (4) (5)
Shows the body plan of the geometry and propeller model of the Model A [B3-18-75].
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Fig. 4. Drawing Type 3 Blades, 18° Skew Angle, 75 Developed Area
(New Design, Model-A)

Fig. 5. lllustration of propeller Model Type B3-18-75 (New Design, Model A)
The test results of model A and model C in non-cavitation states with the rotational
speeds of 850 rpm and 900 rpm are depicted in Figs. (6) (7) and (8). The testing
results of propellers for non-cavitation conditions are essential before proceeding to
cavitation conditions for two reasons. Firstly, this test result will be a platform where
the numerical method is validated for simulation of the fluid flow around the propeller




models. Secondly, solving the flow fields in non-cavitating conditions is used as the
initial condition for cavitation simulations which will be presented in the next paper.

The characteristic curve throughout cavitation and cavitation free conditions are
also compared, see Fig. (1) For a blade designed up to maximum rotational speed of
1185 rpm (a predefined designed speed) when maximum cavitation occur. Due to
limitation of test tank facility, operating condition was carried out 850 rpm. These
data were used as a design condition for the new models and therefore used to carry
out the experimental result. The misbelieving among local operators regarding the
role of cavitation bubbles on performance of the propeller is the major cause of
inefficient use of energy in Thailand’s local fishery industry. It is necessary to provide
strong evidence, how generated bubbles could deteriorate the blade’s mechanical
integrity and to see how bubbles could have negative effect to the blade performance.
To serve this purpose the test result on Model C was done at 850 rpm and further
extended to 900 rpm in order to demonstrate full cavitation. According to the plan,
this experimental work would include test conditions of Model A at 850 rpm.
However, the support structure of the test tank and the bed of the channel had shown a
sign of damage. The experimental work at this particular condition was then
cancelled.

Table 2. Summary of test conditions all experiments were carried out at water flow

speed of 3.5 m/s
Test condition,(rpm) | Model A | Model C Remark
850 v v To compare cavitation among Model
Aand C
900 N/A** v To observe full cavitation of Model C
** Not available due to high thrust force and bed pressure that may cause damage to
the test tank

The quantitative investigation on cavitation had been carried out given in Fig. (6) As
for model A. The angular speed of this test condition was at 850 rpm, this is a new
design for Shallow-Fishery and Tailing Thai Boat. Below are series of pictures taken
in consequence by a camera at the time impulsive force was detected.

Fig. 6. lllustration of propeller cavitation Model A at rotational speed 850 rpm.



3. Discussion
3.1 Discussion; Cavitation of Model A (New design) and Model B at 850 rpm.
The rotational speed 850 rpm from Fig. (6) found that skew angle 18°, 75 developed

Fig. 7. lllustration of propeller cavitation Model C at rotational speed 850 rpm
One should be noted that in Fig. (7) Cavitation occurred with Model C at 850 rpm and
at axial velocity of 2.5 m/s. It suggested the cavitation surface was glassy smooth and
the propeller blade surface was seen clearly behind the surface. Thus, it could be
deduced that the formed cavitation was the sheet cavitation. The propeller was further
tested at 900 rpm with a cavity greater developed up to full area of the blade, the
photographs of such test condition is given in Fig. (8) The large pressure fluctuation
was measured twice in a series showing the bursting phenomenon in one rotation of
propeller blade In the first stage, bursting tip vortex cavitation from the preceding
blade interfere the sheet cavity, and that made the sheet cavity unstable and its trailing
edge swelled significantly. The sheer cavity was shed to the tip vortex cavitation and a
vortex cavity from the trailing edge of the sheer cavity intertwined with each other,
causing implosion and rebound again and again. At this time, the tip vortex cavitation
was spitted into many bubbles, and a bubble cluster, including small vortex cavities,
formed. Instantaneously, bursting occurred when the following blade approached
upstream of the vibrating vortex, which had been intensely disturbed in the first
bursting. The following blade swiftly obstructed the flow and caused tip vortex
cavitation implosion and rebound again, and at that time bubbles in the tip vortex
cavitation collapsed repeatedly and randomly.



Fig. 8. (a) Initial Cavitation of Model C

Fig. 8. (b) Full cavitation at rotational speed 900 rpm, local type propeller

4. Conclusion
In this paper, cavitation flow is investigated experimentally on new designed and one
conventional propeller for shallow-fishery and tailing Thai boat. The preliminary
experimental result of the new blades shows better performance when compared with
local domestic type. The cavitation performance and open water performance of
Shallow-Fishery and Tailing Thai Boat based on transport equation and standard k-
turbulent. The elucidation bursting phenomenon of tip vortex cavitation, with
experiments in a water tunnel were carried out with two propellers, new propeller
(B3-18-75) having different thrust coefficients and cavitation numbers. The results
obtained suggested that, the modification in blade design has been considered to
reduce the fluctuating pressure caused by bursting. One is to stabilize the tip vortex
cavitation, and the other is to reduce the cavitation itself. The occurrence of tip vortex
cavitation can be predicted by the rate of change of the tip vortex intensity. The
bursting occurs because the rate of change of the tip vortex intensity is related to the
stability of the tip vortex. The achievement of this investigation will be presented in
the next publication. However, this investigation suggests that the present approach is
practicable as a design approach for low speed propeller for Thailand fishery industry.
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