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Hydrodynamic Performance Analysis of Hull Propellers for
Enhancing Flow Efficiency in Water Propulsion Systems
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Abstract: This research presents a case study on the design of a Surface Piercing Propeller
(SPP) with an optimized geometry for water propulsion systems. The study focuses on a 3-
blade propeller featuring a 12-inch diameter and a 22- degree rake angle, specifically
engineered for integration with a 16-horsepower engine. Performance evaluations were
conducted in an open- water flume to simulate real- world operational conditions. The
experimental results demonstrated that the newly designed SPP achieved a maximum
propulsion speed of 6 knots (11.112 km/h) when positioned at the water surface. In contrast,
at a submersion depth of 30 cm and an approximate shaft angle of 36 degrees, the propeller
maintained an average speed of 5.6 knots (10.371 km/h). Furthermore, the optimized propeller
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design contributed to a 16% reduction in fuel consumption compared to conventional standard
propellers available in the market. These findings indicate that the enhancement of the
propeller’ s rake angle plays a critical role in improving thrust efficiency and energy

conservation for flood mitigation missions.

Keywords: Design Blade, Tip Blade, Camber Blade.
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3. 52UD3AA1W3950 (Tachometer) 1A30439
AU ITOULUVIALTDS (Digital Laser Tachometer)
dmsuiannuEIeuVeUNA1VY (Propeller Shaft)

4. Spring Dynamometer

5. 3391134 Thrust Sensor Y5znouao Tnaawsad
(Load Cell) Y119 20 kg @115 UIAUTIHGD MU ILAY
1182 Torque Sensor U0 TR AaaauLman
STl

6. yA1AT9a 31915 UL (Adjustable Jig) 9nTaivy
'ﬁﬂmqﬁaﬁmmmﬂ%’mmzﬁaﬂgmwaﬁu (Shaft
Angle)

7. 5200 URAMN (Visualization) d1%5utiuiin
wqﬁﬂimmuﬁﬂTWNmmﬂﬁnmﬁaﬁ1

cs' 02 v a
AT NN 2 qﬂﬂsmggasmﬂyam1QLmﬂuﬂ1umiwmm

ginsal Wi doyanunain
(Function) (Specification)

Load Cell 91153 Thrust | Capacity 20 kg

(x4) Tunuunu

Torque e[ITE Qﬁﬂ‘lﬁ Integrated on

Sensor N RRT Propeller Shaft

Laser JanuG Digital Display,

Tachometer 09U Precision +1 rpm.

4 4
IATDIYUA
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Adjustable YSuiazdon | Manual Screw/Bolt

Jig Juwan Locking System

Camera uiin High Frame Rate
‘Wi]aﬂiill for Visualization
Cavitation

1.3.6 HWUAINIINABDINATNITIAAT (Experimental

Diagram and Measurement)

( Start )

Y

Preparation->i39, \a503tus, Jig Set

Y

> Setup Variable->ludng

1,500-3,200 rpm.

-Usuyawansi Jig

JSuanuisasey

Data Acquisition: -Thrust & Torque
-Rotation Speed (rpm)
-Boat Speed

-Visualization

Key
-Preparation
-Variable Setup
Process Step
Data Block

Y Calculation

Comparison: *\Q/ -Comparison
-Surface, -Submerged

Cal. KT' KQ, No

-Loop Data
Y

End

gﬂﬁ 10 Flowchart Diagram of the experimental setup

showing
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nazunsusuuiGanaeend (Long-tail Boat System Diagram)

v oo v

A. dausiuinas (Power System)
A1. Engine
A2. Fuel Systems——\

B. daudmawuasySusy
(Transmission & Control)
—> B1. Adjustable Jig
t—> B2. Propeller Shaft

I Key
3 Cenors

C. dumsindn

4 (Measurement Chain)
%CL Load Cell / Thrust Sensor
@CZ Torque Sensor
(7)C3. Tachometer Point

D. dauuARIEN1IMISinY
L» D1. Water Level Line

> D2. Propeller Position
gﬂﬁ 11 Schematic diagram of the experimental setup
showing

o

A Y Y dl Y o _aa ya Yo
maiw"lmauawgnmmmwanﬁtm 7 Elblﬂﬂ'l‘lfiuﬂ

U

o

Vv Ed
TUADUNTIAAIAIY
{ 42 4 .
1. M3auguan1Iz nadonTununiiiig (Static
. v
water) [WPAABNTNAVINITZLAN LAZ AN
2. M5U5U528293 (Immersion Depth) MUUATE B
-
awvealudns 252AY Ao an1ILaNAIT (Surface
: . o o 2
Level) NAMMULAWNIVHIUAUAINT Hagdn1IZIN
a1y (Submerged Level) N52828N 30 l5UANAT
o < 2 A '
3. msdannuwiuaznsaudass luuaagsou
o < 4 sy
MInaael 1wUiunnuEiseuATeeUAfaLa 1,500
= o =2 1 g A 3
043,200 rpm TRgduNnAIANET Hoaa1uenNG 2
A P g o o 2 A
A9 (Steady State) W3O UNIA IO AT 1T WU D09
Y 4 - ¥ . o
Worndeannisanadvesdsuiasiiiuludende
WINTFIY
4. mMsdanganssuIngee1nia dunauaziuin
ANHAULNITAI0INA (Ventilation) Az MITUTINOU

A

= v o 1 oa ¥ A a Iz
vear1aise luvasiludnsaaniuiit e dins ey

v W

ANUFUTUT A UANITOULMITHANAY
ada
2. ﬂqyg]mnmmm
2.1 Blade Design
Propeller Base (B,) azilsznoulidedu (Contour)
vo31lsz@nsnmludng (Propeller Efficiency) W30 7,
Advance Coefficient #39 & HAZBAI1AIUNNY (Pitch

Ratio) W30 P/D, [7], [11].
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1R (1) —Tmax 1354 L0R 1200

\ | 095R (114) o~ 0.95R (114)
AN ! 0R(108) /- ~_0%R (108)
‘\ 08R (96) / S SRR 08R (96)

Y

\__ 07R (84)
™ Leading
\osc a2

L %) =
| \ Doty — O 60 [\
\ | e 06R (72) V7

A Ledug Y | _— B o ing
B~ YA\ 05R (60 >\ : | 05R (60Bdge~\ 17
‘Q\; wwwe/ N\ || Juw e

¢ {7
| \\ & wran /X N Nowae
o)X wmeo /)7 N\ omeo
AN Y
| W4
“ I AR |
S| | \\\rﬂ =

Case Stody

31/7 13 Model Tusnsuuului 3 3n yuldaueu22°

b 3

MIHI S NNAUNT (1)

§=" (1)

Va

A1 0 NAUNT (2)

_ npp®

BP - V}.s (2)

A

v . .
ANUMUMUANYRHA (Frictional Resistance) A9 A1

v 3 o

MuUMuNfeAMIIFeaasznIedsenuiii o
A Ao “ ¥ 4.
ieannmsnasudlIvesFouau 1 luihniiany
= . . Y = . .
nua (Viscosity) AUATIUNIUAIINUHA (Frictional

. A A v 2 A
Resistance) fl]zllﬂ']M'Iﬂﬂqﬂaluﬂq'lilﬂ']uﬂTuﬂﬁﬁilﬂﬂ

a 2 o ' ¥
inevunuisevazuan 1l

A . . ~ o v o A
gﬂﬂ 14 Ship Resistance N1NTENINVAUID [6]
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ANUMUNIUANLEA (Frictional Resistance) 11118910

qauNs (3)

Ry = > pV2SCr 3)
A1 Reynold Number (R,,) 1118910 arums (4)
4

Mdulszansusaiunieusnan (c,) mdulszans
ludng (¢,) uazamsza@niamluing (,) vildan
NI (5)

Cp = (P — Py)/0.5pn%D? for propeller

Cr = 2T /pAV, for Thrust Coefficient,

&
119 (A= Propulsion area)
no =T -V, /2nNQ, (Propeller Efficiency)  (5)

A1 Cr 11501118 Taeld ITTA Line (International
Towing Tank Conference) 310 ANN1T (6)

0.075

Cr = (log 10Rn—2)? (6)

]
@ o v A

Maalsz@nina (Effective Power, P) Ain M1a1Nd0q
v A A o qya ' v
IYHEANUAIUMUYBATe Wi 1 iTauan 1114
3 o o a a
AMUANNEINGDINT 131aTaMIAaeszansna

(Effective Power) 18910 aun3 (7)

Pg = Rp X Vg @)

@

f189nal (Shaft Power, Py) fio Masaruiimar lasy
NAIAHIUIAES (Gear) A1EUNAN (Shaft Power) 923)
ANUFUWUE A2 ANEA 1A (Gear Efficiency)iaz

@

MaunseIvns Inaj(Brake Power) 910 M35 (8)
Ps =ngPp ®)

° 4 o ' A o o =
nl QLﬂi@\iﬂﬂiGlWiUu (Brake Power, PB) 9 NIANTUN
A o ' A Y o a
!ﬂi@\?ﬂﬂii“ﬂﬂjﬁ?ﬂ?iﬂﬂﬁﬁqﬂ Wﬂﬁ'ﬂﬂ']']ﬂgﬂelllﬁﬂ

' &4 o [
(Loss) AN ﬂ1ﬂiulﬂiﬂﬂﬂﬂ§1ﬁi‘guﬁ'} LIITINITONN

f1auAa3099n3 119 (Brake Power) 18 Tagnisii
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inseevnslvaglunaassdulaurTuiines

(Dynamometer) WIDAUINDIN AUAT 9)

Pg = 2nQn 9)

v

f1a9d4 (Delivered Power, P, fio

o w

MAIIUATINAT
710 (Tail Shaft) Aoz audnglusnsierildifans
WD (Thrust) Hndnidel¥udullldarmanumdi
#99M3ME9e49 (Delivered Power) 32 A NuduWUS i1
Useantainnisas (Transmission Efficiency) o

@

Mauwal (Shaft Power) 910 &N (10)

Pp =nrPs (10)

s @ANTAINNITA (Transmission Efficiency, 1) fio
DNIIAIUTLHINNA9d9 (Delivered Power) AUA1E4
INa1 (Shaft Power) #4U3¢aNTAINA1T &4
(Transmission Efficiency) i]zi’JﬂJﬂ’JHJQiUUL?TEJ (Loss)

woau1i59a199 A8 151w llany aumsan)

_Pp
=5

nr (1n

@ a a @ 4
169152 @N5Ha (Effective Power) wAANMUTUNUT

Do

a £ v 3 . .
Afuduldsed@ninisnania (Quasi Propulsive
v
Coefficient) 112 Na4e (Delivered Power) gariuazld

quns (12)

Pz =npPp (12)

a a o @ U
UszANTnIMNS (Gear Efficiency, 1¢) flo dAs1dIU
321919 P1GUNA (Shaft Power) AURIGAUATD 30T

I1qj (Brake Power) 92 l@auns (13)

6 =5, (13)

o £ o 2 , : ,
duilszansnmiswani (Quasi-Propulsive Coefficient,
np) A BATIAIUTENINMAN T2 ANTNA (Effective

Power) NUMAIAY (Delivered Power) a2 ldaums (14)

Np =3~ (14)

Pp

10
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Fluid Fluid

1]

Weight

Displacement Displacement

Force (Buoyancy)

37 15 useavsdIveIing
o A A do oa X
115929847 (Buoyancy) Ao 153 lunuiasnauisetuly
anyz Upward wgaiso luldan dsgai (11) Feazdl
"o ¥ o A Ay A A '
ynaumnihminvenihngnunuiaieiEe Wsona
n1eniad1 159298A7 (Buoyancy) 3¢ HyUIAMINY
9 A v
5£21990101 (Displacement) ¥94i3 0 HI81 Fy = 7 U
2 ' 2 g
AvpFevzanuin uat 1t Fy < 7 3oazauiin iu'ly

o v o
MUANVTNAUT dus (15)

o o o 2 A =
1‘]Ji]ﬂﬁfﬂﬁ\‘iﬂﬁaluﬂyi]ﬂﬂ’ﬂlll‘iﬁl%\ugllﬂﬂﬂ C()GlUﬁuHJ
] Vv

ﬂWEMlWﬁHQﬁWLLﬂuﬁNN"Iﬂﬁ (Voo) uummmwmimﬂﬁ'
° o A ' N Ao ) o
ﬁﬁ’ii‘1_|ﬂiﬂ!‘VI\T]fJﬂ'N"UE]Qﬂﬂ‘ﬂiﬂ!!i\?blﬁaﬁl']ﬁil']!ﬁuﬂ

1o o 3 a
Iﬂﬂllilﬂ']ﬁﬁaﬁwi]uﬂ'J']iJLi'JL‘HQiJlIGLH (xp,yp, Zp) ITUY
aov a Y o ' s 3
Wﬂﬂﬂﬂigullﬂﬂﬂﬁlﬂﬂﬂi ANUINADIAITNLIITIN V

= 3| @ v d

ﬁHﬂﬁﬂL"’UﬂU!ﬂuWﬁﬁ?ﬂﬂlﬂﬂﬂWiqﬁﬁﬁMWﬂ‘ﬁ V. Moy

2 o 4 A a <3 o
ANULIIANY g,,, Lu@ﬁﬂﬂﬁ]ﬂ‘ﬁ‘Wﬁﬂ'ﬂNLi]‘UﬂﬂGl'flﬁ]ﬂi

3 I
yuauuauiGa duldawauns (16)

V =Vier + Qina (16)

§ 4 o o a o
Tagnanusadusing v, luszuusrassludng

rel

ﬁTiJTSﬂL%EJHMlﬁJﬁQ?fMWﬂi (17)

a7

Viee =V —w X1

meldauudgiu 111vesIvalulinnunilanas Ta
awsaiiuda’ld ansadouldlugive ailddumn

4
A1INNANNIT (18)

Gina =V, V2p=0 (18)
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= 9

Nveun1elusns (Blade Tailing Edge) [7] n101d
A ' Y v 2 o w A
Wouluiinms Ivadeseandroninuiiiine uie
o A { o 3

usaauiinsg Taanveuiieluins deuilugudlu
Yayr1an12zaan (Steady State) 1301l Kuiper G. [7]
¥elmvua a1laTna (Dipole Intensities, @) 18 1ag
Aa A H '
AlAnaNeasauuInTTumiuAazidudl8n13 19

fouly “Fudu Jhu'lddanns (19)

AbPrp = Dfp — Pip + Vier " T7p.

(19)

a d a a a d
2.2 ﬂ1‘§'J!ﬂ‘i13ﬁﬂﬁ%ﬁﬂﬁﬂ'lﬂ!‘li\i@ﬂﬂﬂﬁﬂ]ﬁﬂﬁ
TugumsiinsiziansiouziFgnanamans
(Hydrodynamic Performance Analysis) 404119035 %
v
oonuuu Tl (uuy 3 u, 12 U9, Rake angle 22 8471)
TasNa1sa 1i1u@dI0135154@ (Dimensionless
. 4 A oA a X
Coefficients) Moo F 1815 1ngmMssimtnavulunis
s ¥
nadoug luaai
<
1. dudscanSanssouzvesludns (Propeller
Performance Coefficients)
meliausonSeumsuaussouzuealusnin
2 ™ o & S a P
ponuuvIuIrisulusasia ) Wumsinszvag
WU THED 3 @9 A duilszandusvy
r'd
o a g a @ <
(Kr), dulszansusaiia (K,) wazdunlsnnuii
M1 () a3 (20 - 22)

Va

=35 (20)
T

T = p n2D* (21)
Q

Ko =ims (22)

A A o a Ly 9 o
Tagh J Aedudsz@nsnavin (Advance Coefficient),
A 3 v v H A <
Va ADANUITINNINUIUDIUT (m/s), n ADANEIITOU
A 9 T J o
(tps) oz D Aotdurugudna1aludng (m) 91nkan1s

= 3 < ' o A =
NAFTDUNAINLII 6 UDR wmﬂmﬂsmammuiwm

a1 K, igannludngi T ludmanuEad Fuilu

Auanyaznd

¥ o @

a o oo ¥
WAINITUMNITNINANAUUT (Water

o

11
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Propulsion) IR04A131TINAN (Thrust) g4 Tuamizd
Sasimssmthm

2. wavasnIRaeY 22 09m AetlszanEmumslva
(Influence of 22-Degree Rake Angle)

WU (Rake Angle) 1 22 03¢ Faganlusnsfe
w1981 1)) sy TR0 (rake) danalasns
domuiiiansziuealusng (Effective Blade Surface
Area) 1AZN1TNTEINOAIINAY (Pressure Distribution)
Wufe

- msaﬁuiumuﬁuumunu (Axial Momentum)
11 Rake 22 098 Fau 1 Remams Tnavesthitily
Sns 1T uduase (Laminar-like flow) 303y
AANITPYIAINTIIUIINNITHYUIY (Rotational
Losses) ‘ﬁlﬂmﬂ"lil INg (Tip Vortex)

- aansHalnsLIMa (Aeration Mitigation) Tu
anmzmskdnduhiaiianuuuazias faage
yuTRueuiimng anvzseanmuesn Ui
lusnsaanaliaanisiialnsaeinimas 11l
inseseud 16usaiasadenieside (Power
Transmission) 1Ao810fNYsz@nTamlasliifa
0103 "lusnsus" (Slip)

- ﬂsz?m?imw‘lmiu?]ﬂ (Open Water Efficiency)
1 InsgnFenioudszaniamluiuila

(Open Water Efficiency, 7,) AMWWaUNTN (23)

J Kr
No = - "7
2m Ko

(23)

. e A e a %o o _d
wunludganznsiiauiszauini ludnsh
A a a A 2
pnuUD InulA)sc@nTMNgIga (Mnay) HNTY
pd1fed 1A FIaPANREINUNANITNAABINTLYN
R S ;
aunsndszrdandsnuiomnas 18t 16% 11ieg91n
4 ' a o o 4
insesoud lidealdseugunuanusuiuioadrans

v A 1A

UNNUAY (Specific Fuel Consumption aA4)
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3. wansnaasatazenisiana (Results and

Discussion)

3.1 #aMINAaad (Experiments Result)
'
iﬂﬂfﬂﬁ‘ﬂﬂﬁﬂ\iWU'JTﬂTﬁlJﬂﬁZﬁﬂﬁ!LiQWﬁﬂ lag

: ¢ :
useadanudsdumuadudseanimsindoudives

3.&

A 2 v A

vodlvafeon ¥eua¥deaussauzvesludnsh

|dy = < A

ponuuy vyl mafFeumeunnuEivesnisvyun
v v q Ada X yy v g v

A anvanldnuimavu lduaaalfisiuudalu

M3190 (3) uazgi (16)

~ 3 A o °

M13799 3 uaaaraveanNuEInszumihnlusnsi g

3
WU ANLTITOU

- Stream water of velocity
Y _
e | (@nufnszumh) gl
v £ 3| =
2 & 2| = = w| 2| &
=
I = E g E 5
& M g g =
1.9 0.9 1.0
298 3.57 | 59.50 33.62
3 9 8
1.9 1.0 0.8
402 3.68 | 61.33 34.66
9 2 2
1.9 1.0 0.5
596 3.59 | 59.83 33.81
4 0| 4
2.1 1.1 0.4
810 3.99 | 66.50 37.58
5 1 4
2.7 1.4 0.4
1010 5.09 | 84.83 47.94
5 1 5
3.1 1.6 0.4
1208 5.76 | 96.00 54.25
1 0 3
33 103.8 1.7 0.4
1410 6.23 58.67
6 3 3 0
3.6 112.3 1.8 0.3
1620 6.74 63.47
4 3 7 7
3.7 114.0 1.9 0.3
1810 6.84 64.42
0 0 0 4
3.7 115.6 1.9 0.3
2008 6.94 65.36
5 7 3 1
3.8 119.3 1.9 0.2
2212 7.16 67.43
7 3 9 9
3.7 116.3 1.9 0.2
2410 6.98 65.73
7 3 4 6

12
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Stream water of velocity
= 2 H )
g . (ANUIINTSUAUT) Z 5
v E = S
5 & |Z) =) g =] o
= - = = = » o =¥
o =] =] =
S| £ ERRES
& M g E =
4.1 129.1 2.1 0.2
2618 7.75 72.99
8 7 5 7
4.5 140.0 | 2.3 0.2
2798 8.40 79.11
4 0 3 7
4.9 1513 | 2.5 0.2
3006 9.08 85.51
0 3 2 7
5.5 10.3 172.3 | 2.8 0.2
3218 97.38
8 4 3 7 9
Power Torque
120 1.2
—Power Torque
100 1
80 0.8
60 0.6
40 04
20 0.2
0 ]
&= S8F@agyFREEN
NWITITOU (rpm)
31l 16 ANV UTVOIMEIT (Power) Htazu3sada

(Torque) Aludnsi
' < A sa Aq Y 2
pe14'l5nay inTesudienlglunsnaaeuil
< A s A < A s a
Wunsesguaisavuaan UssnnnIeeuauusu 4
FINIL VUIA 16 153N 4200 SoUADUIN UTW1AT
ATTUBNGU VYUIA 420 — 425 &.8. AUPTUFOING
- Y. 4 -
6.5 40T ANUPIWATEN 1.1 AT TTUUNE V-OHV
s A o A A o
(Maanilegngu) aaaaluzili (17) naziniesda

3 = ' o =
ANULIITOUNITSYLIDUA N ﬂﬂ!!ﬁﬂﬂugﬂ‘ﬂ (18)
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317 18 uaasseUMIHYUVUNA11UINT N 1982 rpm
Y
MnMInadeUaNsIauzmMINanaut lugTued
¥ a A %
wuuila (Open Water Tunnel) NUNTEAVAINAN
1 o a a [l @ o w 1 <
TumsguludnsiansnasnrnivdragyaeanuEins
P a Pe ~ A
Inagnawamans 910151z lugali (19) 1ile
4 e a2
FIMUATNIILAITNINIUNTEAVINAIU (Surface
Level) Tagtiymwarvuilssuia 28 03a1 ludns
v 3 A v = ]
aunsnadennuiing namaeslagegai 6 Hoa
(11.112 P lamnsaeda Tu9)
o § A o g
Tumaassdudy emuszezavvosludngidu
30 1 UAINAT (Submerged Level) Uszansninluns
] 3 v A v A
a¥1aanusins Ivanduiuurlduanas Tagh
< A s =R ' ~
ANVITITOVATOIBUAFIDY 3,200 50 UADUIN (rpm)
o < A Y A ]
auganiausuaaeldifies 56100 (10.37

Alawasaerd 1u) dwaaalugdn (20,21) wans

'
o 3 A

JU7 19 aussausMINaNAUINI

3 { <
THanusunas 6 tiea

Tagsinanas
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A v o : :
naael s iU zmIhnuIUURIYN a0y
(Surface Piercing Condition) yoaludnsneenuuy vy
IRaussouziBgnanamans iiiloniian1nzauia
luegdanu

Usingmissidanananioeivieldaarongui
msasemendigludng (Ventilation) Taeluan1iz oy
o 3 « - v q. o
AN omisazgnasas lldnaguusnavdaludng
(Suction Side) i usuiuyu (Buffer layer)
FronrunuMsanasvesnnuau lilidinigainga
danalda1u150¥2a0n19NA THIIDINIAF UL
(Severe Cavitation) az e ue 1N sgadons vy
REUNSY (Thrust Breakdown) 18¥19ufinnus 1501
qu

2

wonndl M3 lrauuunaueIne (Aerated Flow)
o = Y A 3
gedanaalunisaausadiuanauniiavediii

. d‘ o 1 a o ' | 4
(Viscous Drag) Nnsgvhasri luins aawalviniossud
YUIA 16 15951 a1w1sanreTeundsarmioadig
Tumudunmsnaldgeniiaazaviialy dalu
an1gnasitluinsazgnaiualeuiaiiiniinaiy
wutuganiwazaianalnnsaausudeaniuaig

9
FUDINH (Air-film lubrication) Ml szansnin

a 3
FEAUANVANINAIN (Surface Level)

(11.112 PTawasaeya 1u9)
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ARANITNAABINYNNTN1IEMIJUTVTNT o,

@

a 2 < '
FEAUNIUT (Surface Level) “lﬁmmwami"lwaqmm

a <3
an1zauiialy (Submerged Level) t13ag 19n211152

]
~

& .
IUATIDIYUAN
Ed

MAIINTTUALL

i
' =2

Tooni1 FedoandoanunanivgHa

{ @ ? A a < 1
37 21 dnvaignszuatiszezanly 30 IBUALAT B AWGFITOV 3,200 TOUABUIN

14

1. AIsaausaa1uyinanazusadiuilsda

(Reduction of Mechanical and Parasitic Drag) Aotilo

v
a o

a 2
aaasludns luszauauini ’cT’Ju‘]Ji%iﬂ’ﬂ‘]J‘llﬂQ“]gﬂLWﬁ’l

v W

v
YU (Propeller Shaft) !!’dBﬁ1ﬂ!ﬁﬂﬂ$ﬁﬂﬂﬁﬂﬂu1ﬁlﬂﬂﬁﬂ

]
S a

danaliissd1uisda (Parasitic Drag) MAAINNTT
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3 o U R ) )
znzueainulaseadienlulyauadausaduanas
o o w o A S v
pg19liod 1A waIuINAsBIeUATIgnaInIy )
o o 4 @ ' 3
galudnsioad1ausavy (Thrust) lded1a1du
v Y
Yszansammnnnanzanialungamainavua
Yy 9 H
AoaaunIzuan
2. AuanBULIANIZYe YN TR0 220971
I
( Significance of 22- Degree Rake Angle) 1 unas
ponuuulusns 19iiyn TR ey (Rake Angle) gans 22
A o S A A XA da o ¥
931 Taeldagiseaaaomununminssvinily
ANYULNIINNIA0Y (Surface Piercing) IHaA1IZINAD
H P A [l =~ J y A o
1 yulAueUNILHIE “TANT uazaiNauANaY
(Pressure Wedge) Ninnudndugausnumiluing
¥I8aAN151AADINASOUNG (Ventilation) 19111/ 11
o Y [ v v @ a =y
szuu N ludnsanuseasussnanauF s uiasg
I&gennludnsia lnfiyuTduoud
3.nsanen T uudunas Ny us vy
(Momentum Transfer and Propeller Theory) Tuaaie
e g ‘ﬂ' 1 1] -7 S W
winh nszumiiignis e ludnsezlidnuasiu
o ¥ < A 1 o
d11n1W15299 (High-velocity jet) 71 lifiussdudiu
Y
31ANIAUIAT1U VY (Hydrostatic Pressure) 1111% 013
v
V18R IV0I8 11U IMaIuINT (Slipstream expansion)
I [ a 1 0 H
dhull1ded199aszunni aawalinsnlasu Tuww
o = 1 45! ) d' a @
Auveeved lva TargeuaungideNassveaiiogu
FaroandednuHNanINAaeIinuE uRAENIFINe 6
< 4 o X a gy E
toa luvaznlszudayemaslduinvuiiesainan
A s v 2
1152 1110@ (Torque Load) YBUIATOIEUADINATITAINUN

voaludnsaaun lisuilu

3.2 msedUsramarBa/Seuiay (validation and
Comparison with Previous Studies)
=S = a d
1. ﬂ]i!‘IJiﬂTJ!‘VIEI‘IJL‘UQQTIﬂWﬁﬁ]ETﬂi
(Hydrodynamic Comparison)
iﬂﬂNﬁﬂTiﬂﬂﬁ@ﬂWﬂ’j?ﬁﬂ13$ﬁﬂﬂMﬁﬂﬁ@ﬂ (Surface
. . 9 a a a ' a 1 A
Piercing) ﬂl“l’il]igfﬁ/l‘ﬁ.ﬂ'l"r"l?’]'ﬂ"]’lfTﬂ’I'Jﬁ]llll?’]nl‘lJ NAa1ING

7 a A 4 X & &
1]i’lﬂ;]ﬂ‘liEIWIﬂigﬁﬂ‘ﬁ.ﬂ’IWLWll"lJuiuﬁﬂ’l?gﬂiﬁluﬂ\i
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A9y ADANGDINUIIUITEVUDA Olofsson [29] UaL
Ferrando et al. [30] #4521 Tudnshamluaning
Y

=

Surface Piercing i]mJLLSWITLHHﬂﬂ’JHJWﬁﬂ (Viscous

' v o W 4 ¥ do o 3%
Drag) anad0g19ltisd i ioniniuidunailues

o
' Fl

lusnsanasnsenilalundazseunsnyy uennii
ASIRAFUBIAA (Air-film lubrication) YA 1UTAF 3
FraausUFeAN AT (Skin friction) Heapande Iy
UUINAUDY Young and Kinnas [31] #oTured1A21u
WU LYRIE NN INIAEz I (Acrated flow)
dntninisgns S0l lusnsannsamanudisey

" a v H
313 TagliiRa Thrust Breakdown 9101598114 170101

Y

ATl

2. M3A3IVAOUANINYNABIAWANNIINIING B
(Theoretical Validation)

NI HIUAUNTVDY Advance Ratio (J = :—Z)
WuIAANWETITOVFI (3,200 rpm) A1 J ludnizay
a Ao J = = ' Y . .
faluiimdinnaniizniaunsase dewald Slip ratio

49! =) @ Y
gevutazgydendsnulugdvesnnuiounazms
4 f ¥ & o
Tu1l9uv0911 (Turbulence) ¥1A31 Gadudu 1daae
J

—-ﬁ) Tagna
Ko

aumslszaninmvesludng (770 ==

Y 3 ' = = 1
msnaaenaadliiiunluaniiznianniaos Al
< 1 § '
dullszansussda (KQ) anasludadiuiuinniims
¢ '
anaIUoIdNY s aNTuI Ty (Kr) E]‘Ll!ﬁ’t]ﬂiﬂﬂ]ﬂﬂﬂ

mmmiammﬁ}mmmwﬁﬂ

4, agﬂwa (Conclusion)

INNITANBILAZNAADUANTTOULITIQND
warmaaivoalusnsSeviinvuia (Surface Piercing
Propeller: SPP) 11 5uszvundnduilunisne
VIINMYNNAY Yumusadnsed Fuasied uag

Y
agiwamsantiuanuiseldasi
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4.1 N ANIINVBIINIIINANAZANTIAUITIQND
d
nwamans
1. wgAnssulnssIma wamsvenunluaning
o2 -
AN (Surface Level) 1AA151nn158in13A101018
119 lusns (Ventilation) Feo1niavzidnlinagu
v '
U3nUHaIludng (Suction Side) wganssuiaenlasy
gUnuunnInssermeuuy leszime (Vapor Cavitation
Aa o ' a Y £ g
) AANuguusaznansaurd ludns Tnaieiu
TW3991MIAUURANDINA (Ventilated Cavitation) &9
uANuEdesINNIM
o 3 2, Y A g
2. MIAIVYNANNAY FUoIMATIHI T Y
Buffer Layer N428A309uAwaunuia ludns Tald
dagaungaInga deawaliamisoyzaonisme Tnsg
81N1AF U5 (Severe Cavitation) Haz1oanuoIN1g

gaydonssuBeunay (Thrust Breakdown) #if#191u

= <3 =

1nWI32591G9D9 3,200 rpm
< ¥
3. Wwadugns ludnswiia 3 1 vuia 12 49 yu
9 <2 A <
Rake 22 0371 19A1M59ms lvamasgaga 6 Toa
yawan 28 84 Feganiannzauiialy (5.6 fien)
peiiod ey
4.2 Uszansammslynasnuuazlvaamana
da o . 4 4 ,
nsnluansiauluaniiznaanniaseyisan
139A1UIINAUNIIA (Viscous Drag) 1199910 NU
, . N
NUUUYRIAIURANDINIAAZIIAINI11UT NG
Y
ngAnssuiaINa 1aonsIAoN15aAn15 Inaa (Torque
A A o q Y A s
Load) Na4018910AT098UA M1 1HIAT090UAYUIA 16
v o v g a a o
w1 oo Iddulszansamuazandai
2 A Y o X a vy A A
msaunldeainiuremasaslddesas 16 iomeu
nuludnsunsgiu
A U % U =S
4.3 MIBUTUHAAIHANMININGHE
nan133veduduInseenuuuludng Iiviiau
Y . . . [ Y 1 1
n1eldna'ln Air-film Lubrication 578 1% n13 @ 9818
@ I [ a
Tuudnvesveslvaidu'li1dee 18 ase awngu]

v
o_ o

3 X a
A1UININEITIGN (High-velocity Jet) GdINWi]GlﬂiiiJ”llﬂﬂ
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TH5401MAIDTE 110109 (Ventilated Flow) 1F1
Tosendnii 1 lusnsfiauduiiaussous
milonNannemsinunuulng
4.4 YomuenuzmSunuidelueinnn
arsfimsAnsuiaanfety Tnseairadanaves
Tnsaerne ( Cavitation Cloud Structure) Tagld
suusaeanamansved lnamasiuis (CFD) $auduy
ﬂﬁﬂﬂﬂ’ﬂmﬁﬂgﬂ (High-speed Camera) Lﬁaﬁmﬁzﬁmi

¥ . da s
guamvesInseeimalniuiiaznon Feezaelu
msnauiaquazginsdludns Idianununiude
ManaEe (Erosion) Tuszazeiuazliaussous gaga

luannggnndvaseediadagude 1.

a % Jd
NEIUANN
Fp = 1153900807 (Buoyancy)
9
7V =1U51055291990U1 (Volume Displacement)

R, =Reynold Number

Py =duruguinaialuing (Diameter), (ft)
Q =us31a (Torque)

Py = fidunsesnslig (Brake Power)

P, =mMaunan (Shaft Power)

Py = mMavsz@nTma (Effective Power)

Pp = Masd (Delivered Power)

Vy = AT IEANUS (Advance Speed)

Vs =aui33904150 (Ship Speed)

Ry = anuiumuise

Rp = ANUAUMUANLHA (Frictional Resistance)

Vv
= ANuKHAU I (Viscosity)
= TWIUTOUMINYUVOUAT N5 Triy, Tudns
] I
ey rpm
a a a2 o .
ne = UsgANnSNINAYS (Gear Efficiency)
nr
K
S =wundlen (Wetted Surface Area)

= 152ANTANWNITAY (Transmission Efficiency)

o < o 2 . .
= qulse@nEMInani1 (Quasi-Propulsive
Coefficient)

b
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Cr = Fulszansanudumiuauila (Frictional
Resistance Coefficient)

w = ﬂ’JWﬂJL%OL%ﬁgﬂJﬂJ@QiU%ﬂ’i (Propeller angular

velocity)

T, = anudans lvadh Quszuvasiivesde),
[ Effective inflow velocity ( in the ship fixed
system)]

U o = awidams nah Auszuulusnsasdi) [Local

inflow velocity (in the propeller fixed system)]

q,= AWI539W, (Total velocity)

-

V', = Total velocity on wake surface

Cp = (P —Py)/0.5pU2 Pressure coefficient for

otherwise

Cp = (P — Py)/0.5pn%D? Pressure coefficient for
propeller

Cr = 2T /pAV, for Thrust Coefficient, (A= Propulsion
area) Snlszansusay

Mo = T - V,/2nNQ, Uszaninmauesluing (Propeller
Efficiency)

Ne = Ry - V;/2nNQ, Propulsive Efficiency, (R= Total
Ship resistance)

I_/')Tip: Total velocity at the center of the tip vortex core

K, = Ardulsransusaiia (Torque coefficient),
K, = Q/pn*D®

K, = fl Wﬁnﬂizaﬂélti 99U (Thrust coefficient),

Ky = T/pn?D*

n= mm?imimgumm“lu%’ﬂs (s0U/3UM), (Propeller

rotational frequency, rev/sec)
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