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A Study on the Waterjet Propulsion in Model Scale
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Abstract

4,

Waterjet propulsion generally refers to propulsion of ships by internally mounted pumps with

proper ducting. This arrangement of the actuator component of the system leads to the fundamen-

tal differences with respects to screw propeller system. In this paper, the basic hydrodynamic char-

acteristics of waterjet propulsion was outlined to clarify the application consideration and proposal

for carrying out model self - propulsion tests with waterjet propelled models was presented. The

results of model self — propulsion tests carried out in the Hyundai Maritime Research Institute

towing tank with catamaran ship were presented.

Symbols

A : cross sectional area
b : inlet breadth

H : head

h : pump center line height above waterline

: thickness of stream tube
g : gravitational acceleration
m : mass flow rate
AP : pressure difference
P, : atmospheric pressure
Pp, : delivered horse power
P, : vapour pressure
Pou=Prome = Pine * out put power
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Pnozzle:-z—p m ‘/Je't2

Pinlet:%p m vy

Q : volume flow rate
T : thrust

V; : inlet velocity
V,., © exit velocity
Vs : ship speed

Greek letters

p . water density

y * specific gravity

My - propulsive efficiency
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1y - hull efficiency
n, © inlet efficiency
Mo - jet efficiency
n, . exit efficiency
np - pump efficiency

Subscript

G : gross

I :inlet

Jet 1 exit

M : model

S : ship
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Table 1 Design criteria for cavitation
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Fig. 2 Ideal jet efficiency curve

gAY A LA E FoiR F5o R I
o 5058 BH a7 olol Ge Yalel 8ln, g

(476)



AEAE FA
7tA 2 A A3 2 %(pitch angle) 52 A% 3t
= Aolth e G Aute] 2ARA, A
ute] 3 f s & nelste g EHA A 2
Zalof et dHle] TH o A& dal o A
FEHe A& F/HZ 257 vl & £ UEE
A Ho el dAe] dele gdrt o

oo Bk FellX FAE 2 WA Fo dEH o}

eta A3 &5 shaA s2A tn WA § BE

o] F%5& do7A @A sted Ut ol 22

27& BHHA717) AP e doe WA FoA

AN 58 438t sk gt ol e e

g Fefe] dAzA HE e 4 Jdd Aol
A s T8 RIEAHE Bt gQlof gt

zzde] A s AR 229 A
A Aot Al 8L ol &t AR g
HA dde dAE 2d & Avh BT gy
oF dutel tgdrt M2 OE F2 Zade s
AT TFAA FHE gol Ulof dubg HzlAY)
£ 3ol Fxo] Jaels HIWRY FAE o
de) Frez F 4 9l 3 go] WojFojx 3
Lol A mA st FH o $EFW s we F
oz e AN 2e2dye & A2
Ad T UEE st E23E 37 3t Z2H
B dEREE golw Aol FTEH] Ay 4l
Hel e 25 AF oA gslele] 282 ZA 8}
1 3Ad E23rt Bo] e ' 3o =3 "t
olmj Hh g FH o gte] WA glo] Fgom
A 52%E giof ot whebA] HT U] 9l
Are Fe] FAE AF3te T2 o] FA|
Aot &) W Eo FEZRTE 37 T A9
g7 WAL WA A Fe o] AuEeld A
oAl fefstct

EUTMA

AEAE 2209 QojN GEoAe] £AL
A2 #ok 8o Bl 2 FYTelA 9] Aul el o]
& 7h5 8 @ safokst Aol AMolch YnkH o
2 A&NlE FRELE DEA ol ARA G
of F-olstelof anl K3 sAulHlol 45t A
o2 HojAx n&Av A Auleeold way

ZEAGA R A 15

o] 43] S215)7) W Eol) AT WA AAI 8
@ T2 Ho) Q. [VRe] 27 99 317l
N B ol AdiH e RAl sof Auleo] 4wy
ol 47 971 W 2ol IVRe] Aol o) $ % s}
2@ 5 AT olsh o] FYPolAlel oA g
3 fEade 44 23 Fasht AR 4

Aol A48 & e A2 ARE Dopry] Y5
¥y Bg, B 2 9 el Y 5o wy
AR Sl oa selate] Aol wsor gy
ol A7 el whol elai wj @Y Mutnl 2
of A7 £33l A FYTF HH Q 93
o 714 AL vl AL HEN FUT %
of ZAbolth. o]2) & AulElo| Y B4 malet
o 2o 4EHAE 2000 AVEER o2
& doha s A

4, Z¥EAIY

HEAE g 2 A1H L& #18% ITTC(in
ternational towing tank conference) high speed
marine vehicle committee™ol| 4] & AR A o2
Thrust method7} A|AJ € o] % n4M Algo #
Aol sl F2evda Za g2 3dE
de] A o2 F/aEH o3 e Aol
A 2 A 21z ITTC waterjets group'el| A] thrust
methods} el 1 o] & Y 4% 3 momen-
ALt Uk F-A =
ol9] tjgte & direct thrust measurement
method'" % A ¢tal 3 gt}

tum flux method-&

AEAE 230 o8 YA PN E 2o
Azl F88km FHAS U@ YL HHA
23 PYAZOR T8 G+ vk 99 43
AZe A% L A A4 o2l g0l Yk Aoz
G2 A o) W Bol 2 2YA S RRE o2
3 Aok 23AQ 7 ALE Ao B A7
AHE BEHE RPHOZ Fon WV
dAzA] EA ABAE BLst FYTE QA
ATt Eael Bag A7 AgA
o 2 A% S thedt Lol sech(Fig. 3
2z)

(477)



16 GEMARIEEE, £214 F5%, 1997

- w2z EPAAY 4 Aol AZ

- EZETINIE FHE 2T &5 AS
- sAAE Qe AW S5 W 32 A
S dAEA EE A S

Fig. 3 Waterjet model test in towing tank

Table 2 Principal particulars of model

Model Ship Catamaran
) length N 7 5;33 m
" breadth 13867 nT a
depiﬁ J} 0 42 m
 draft o 0.138 m
dlsplacement voh—u;e - N 0 3 m* -
o scale ratio(y) o l 7 15

Table 3 Specification of waterjet pumps

Type Axial Flow
max. power o 375 kW
nozzleexitdia. | 60 mm
7 Himpeller dia.” . | 118 mm
"~ no.ofblade | 3

material of pump reinforced blasﬁc

mat;n:ial of impeller 1 stainless steel

AERYPA F5o 77t AEIAMEE M8t
A olel M2 FYFe Loz A% 2y
o AE el 2l HRAUT. LAUH
Ae] A B gt T84 Y& Table 2 3} Table 3
of ztzb Vel Aot HEAE ApgFF7] Ao o

H AGRE F=Re) Pojel APAEE AN
Al AFAES HEAE ST B0l AF
a1X Eelns gdsl WAsn BE el f
FHe 00l AGAPAS RA Manle) BB
A AR F it

38 & Thg 4 % AL g ate] AlAberg o,
Tu= Py Qu (Vyun — Vi) (N

2ro] WA 0zl
o %

F__ T
e 2(8)7 Zro] vtepd

Ty (8)
R
LA,
@, APE: P, % P Mol bl it
o 7} o] & /\iﬂr Ay P, 9 Pl o] 2ol o
M Aol 2 M& model & eI HFig. 4 32
wE Eo Mo & 21(9)8} 2ro] H},
Q
Vlot M= WAAI‘:l (9)

Qw=1.3b h Vy (10)

g7l A be FYTY F, h
tubes] FA & veEld

7} stream

Fig. 4 Pressure measurement

AgrAl g el A Gl A HEI A E Q] 2HFA]
g HA Fdstd = 60rps7tA] FH 4 25
AR o g ATt Fig. 5 % Fig. 694 & &

AN AZT e 27 59 298 Y

)~

(478)



AEAE 31 2@ P g A7 17

ol A} =]

lth Fig. 5ol A A& e =& &7
Hg A9l of s

23 % Holxm A
Zelth Fig. 6 o Yetd F8 3 Jd
@ﬂﬂi AZ3 golth &M EEH
o 2(8)el o8l A4t = e wANE
7] $3ted A A 3EEFS] BF BEEH
Wol7bA A FelB ol Al = HAE

Fi 4m ‘i'
r

s
rlo

_40&

o

o 4o e 2 m &

?Qm{n‘ofl‘:to

Calculased Velocifmisec)

L o8 - 3t
Ty
o

»
S

Q
'

e

hxo l-IJ &‘D &5 70 73 a0 &5 ”0 3 100
Moasured Velocicym/sec)
Fig. 5 Correlation of nozzle exit velocity

00 T v ¥ Y T
o
—0—~ Impeller Thrust e
O Gross Thrst e
had -~
&
//’/
T a.""
E 9
)’—/
woi o
e
(o]
Lol P Y o
' 1 x

A
:dlll ld‘l” 00O OO/ B0 ACINS a6 008 G010
. Qrm'/rec)

Fig. 6 Thrust values at static condition
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