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Construction of a Test Ship with Two Waterjet Propulsion System
and Its Sea Trial Test

Ki-Sup Kim™, Chang-Doo Koh', Jong-Woo Ahn®, Young-Ha Park’, Chang-Yong Lee"
Kyo—Sang Lee™ and Kyung-Rae Kim™

Maritime & Ocean Engineering Research Institute / KORDI®

Doosan Heavy Industries & Construction Co., Ltd.™

Abstract

This paper describes the design and construction of a test ship with waterjet propulsion
system for sea-trial test. Local flow characteristics around intake and nozzle of a operating
waterjet propulsion system are measured at a sea trial to investigate between hull and
waterjet propulsion. Flow rate is corrected by bollard pull test and shaft power is measured
directly using a torque meter. The measured results are compared with the predicted results
on the basis of DB. Those experimental data will be useful for the future works to develope
the model test method and method for powering performance prediction.

MKeywords: Test ship(AIE® &), Waterjet propulsion(22Al %), Sea trial test(AI2d),
Momentum flux method(2ME &iAH)

1.A 8 I8t HEES & AL Dt HSAIAE 2
o, AR, AQAI ¥ 4sF8Y S0 &F
8 RALs =H H oA LY SRIA S0 Metd & AXdRezE: J|12E Az X
D28 FNEXNE It o9 S2AL = e 2RS THEGH U= AE0IL
JHXE FaE dwel 20 dolst Hol @ pto2de] dEte] H0s 2 A8d I
Ll SEA FAH] LS AL W2 St 250 A= 2HH0 SEAM FIIR dY
o FR0= d=sS4s = & S5 + e
F: 20054 78 142, S0/ 20054 98 302 HISEOD TI2JF & MAESZE 0i* HMEHHO
tFXMA, E-mail: kksprop@kriso.re.kr Ch Wetd =200 ITTCOIME S2e 28d, =
=

Tel: 042-868-7251 FAL FEAXE MG J|2E ZEAIE 20



S&ob| fI6Ho

. Ololl SUolid=

OHAs0l W1 M20 2 d90M= AsQ
PN

O
N
P=s)
=
]
<
o -
3
4]
=
o
3
|
o
>

2. N8 d(aEs) 4l

= A20A 2 - HEE AIZEE £
&ef 1/3.28 SHEUIE A =2RIAE Table

OlA 2= diek 20

NEES ZTAS HA AAl

[ =y Ty Ty

FIoHH JIoISr =2 AASHA MIEGHACE

oEHel TMIE Z2FolsE AN
OF BtCt Lt AIEENIME &

= 2ol AR B0 AR HE

=
=
Ho| SEEEY

4l
b
Qo
O]
10
0

S0l X=X 1 ez JjZa S0l 3

Jl =20 iRl 230t &0

| 20l XIXIA

Table 1 Principaldimensions

Length of Water Line
Breadth(mid.)
Depth(mid.)

Draft(Full Load)
Displacement(Full Load)
Main Engine

(VOLVO TAMD61A 2sets)

16.875 m
2.563 m
1.713 m
0.750 m
14.0 ton

2 x 225kW

x 2800RPM

[\
M
=
Qo

3
E
I
>
=
(13
rx
¥
!
Ha
=
%
12
0x
oIr
=
g

)

T R
LR~

]

Fig. 1 General arrangement of test ship
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Fig. 2 Midship section

Table 2 Total weight estimation

; Fig. 4 Installation of main engine
g= | YO e [0
&R 5,027 41,493
LS 5,922 23,490
NEEES 723 8,106
L/W 11,672 73,089
wii 8 400 | 1.0 400
NEREL] 500 | 10.0 | 5,000
ol2 400 [12.25 | 4,900 ;
SelAE | 1,008 | 15.0 | 15,420 - %j .
HH 2 14,000 [7.057 | 98,809 = T

Fig. 5 Instéllation df inlet duct
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Fig. 7 Installation of hydraulic power
pack

Fig. 11 1-hole Pitot tube rake for
measurement of the boudary layer in front
of the intake

Fig. 8 Assembly of steering nozzle
and bucket

Fig. 12 Tubes for measurement of jet flow

ANEE HAZSE2 dHA FHE S S
HOl RAGIRCH, 0 LlAEE Hllot
A0l A" /XN E = AUAUCH Fig.. 72 S
I P80 &XIE Hydraulic power pack 0]1),
Fig. 82 =& L& B2t 8X= 250ICL Fig.
92 ZEIUIA dgtstoz 2 LIRR2&0I0L

=
o

Fig. 9 The inside of wheel house

CH

re

Eyal

Job

18] =28 M 42 2 K 6 & 20058 128



o
A
5

(@)

=2

x

1

r_)|‘_l

o

0z

e

10
L
x

é

%)

o

2

=
o
8

3]

|

nx
ﬂ
in
o
0
oA J
ok
40
o]
0
B
=
0

ol
i
=
ulE
0
x
P

= A=Y
o 2 2UELL KJI0l= 1-hole pitot
6IHIt ciOI20 EHE L2 RTI0 SAIO
BOF 0/S0| JHsotCh

SLH0A ELE S0 B0 2ot

o L=2 BAEE RS0 Ss &C
2

=
>
0o
4
4 ™A
40 &= 0x 0x =

0e
0
pal

I

i

il

|
tube

&6t

ZolJ| ot Fig.120lA 2= Higt 201 {20l

O0|I3E& = oiR0l FFoiALL =2A4 =8
ol 4582 Fol RFAE2 iR =Sttt
&210| gl S0l FEAHE= AHIO
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Fig. 15 Overview of test ship in run

Fig. 16 Jet at Vs=24.3knots



580

Fig. 17 Jet at Vs=28.6knots
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Fig. 18 Bollard pull force of the test—ship

1.0’i7

0.8f—

B06

3
(M

doal

02F

R R SR S R
09% 6.2 04 06 0.8 1.0
Q,p (M/s)

Fig.19 Flowrate relation between Qe and Qap

Fig. 182 Bollad-Pull AEHOIA & M
E SIAIPIBAH 22X S40l Z£XI& Tension
meterdlAl HEE FE(Fx)g B0i=0, L2
orel 2O & LR ACH olm
=F0IA EMEE HMERSO

=

=

N2 YRAKEIL GeEE 2
=

l

Jz g I
|0 Mo Jy

S o> 40

0
o
=
02

2& Waterjet =& A@H A Y Ao

121 ;
! S !
1 Positi TSR A
1.0 E 2 sz:t:g: 2 finnen 1
r 3 Position 3 1
4 Position 4 ]
0.8 5 pﬁi!éi:s | (O
F 8 Position 6 {Outer) :
hal V Mean, C, M
Qos} T Vovean o e
r L N — 1
L ]
Y | B e /T
B e . L
%260 02 04 06 08 10 12

c VNV,

P

Fig. 20 Intake flow profile at Vgr=13.4kis

1.2 r T 7 ; T
[ S N NURN !
L I
1 Position 1 (Inner) N
10r 2 onz !
r 3 Position 3 '
4 Postiond | deooooio
0.8 5 Postions i
_ r ] Position & (Outer) i
Sos. | Yot b
[ SR Shtt '
L : : i
04 y
0.2 ~ ASUUUTUOINE VOSSN SO SRR SO -/ AUNOE NN S
ol e®®
00700 02 04 06 08 10 12

P m

(QFx)2t BZ AHIOIEH 5% =
N HEE HI0IZRH SOA
=

S M 2LFX0 s 01 HEEE=O, Fg.
190l LIEH 2HE O :

Fig. 201 21= 22 AIE@E &%(Ver) 134
E 9 2 ALENA AES SYR0M HSE
HE FEU MASE =5 S0 FAEEE

=L HAB0 HESE & YolsZIE A
E ZAHE TN afotEg 2eICh 0l K=
AN 2D UK = ASELCH
Fig. 222 &= Bigil 2t =EH0A HFE
gtar =0 BrAYS 2HE BHEC 858
=202 P90 HHI2H0M A50 RXRE
S20] 51, 801 ST 4+Z LO0K= A0
LIEFACE Ol= Waterjet FERIARIQ] LBHEOI
A O 2 M{Allison 1993), &%0| &

(1]
g 4> T 0¥ K

fr

10
oY g
0z Jm

etz Mss] =28 M 42 & M 6 & 2005 128



o
S
B
H
o
o
[0
o
{0
i:
02
Q'E
o
o
0
k=)
=
0z
s}
0

3.0¢
2-5:‘ """""" — e =ai]
§1'Sv """""""""""""""" ——— V= 89knots |
4 e = 13,4 knots
LI B ———— V_=16.8knots
| e V =19.0 knots
0.5 A4 N V =20.7 knots
8 — v =22.4 knots
L S l\’l\\LJ77\74
0%% 0.2 04 6 08 7.0
/R

Fig. 22 Jet flow distribution at jet nozzle

ol
—

2 &2

FQ Ja

FEO0I
25| 2t
=)

ol 2 =
g—_rlOﬂA-l HEE S0
l:IXI_J 0l AE=LL
ST LE0AM 2UE XIOIZRE KHetAtE!
AHNEE =860, dUX Molze HEAA

Bl 2502 (Effective jet system powens =3

g & ALH T8 HEALEY Falis, REa &
A5, EE SAANAER S 2004), HIS
B(0IER S 2005), BZ&X 28 ¥ =50 E
27 =0IX2 Qg =52 1ot MElES
FHE +~ AUCHITTC 1996)

= =22 FHE ANgdsS & - 25010 1
H58 FEok= NOILL Hetd, = =20l
SRER A=ZW  H=C BEdUE e
JI0IH, 20 HEE ZUE DJIBQEM ITTCHIA
HIAIG sidziel Bgd ZE, ZEdE-Algd

a2 H3E HSE 0IE0IC0H

Fig. 233} 24= Fig. 1400 LIEN ARSI
=20 EEE E23 HEINA 22 JEHSIM
+ 2 £E23 HEZIHE BHEH EXIE &
SECE H=EE M2t A=Y HOoJX 24H
Al

x
& S4IZ 018 JIEQ HSLH(AIES

0z ol

1998) 204 /éil 2 HEQ ZEZOM iR &

D%II—’ ?°* &20 Pé"aﬂ Data base 218t =J|d
st Z20;RIY S

Oro) HInE 2HE0

_,_

= ’é!%* Z0F OH

Journal of SNAK. Vol. 42. No. 6. December 2005

581

2 rgL UBE BHELL
Fig. 262 Fig. 2500 LtEfH B0t
ANE ZAL2LEH =HE AgH 7?r
Aot =NEE0(CHL =3
& S LIERS XEOIOICH D
et AEZEMI 2 X0 LA
0120 20} &8 219 Beas 2
= AL

HZ*.FI-QUJNEEJSE
_mfII’SEEJSEE
0
IHOUHLL””OH]
|0 4% 2 o
o o2 %

200 — . : :
. P R L S B I RN N S
05 5 095 20 25 30
V,; (knots)
Fig. 23 Impeller RPM
2.0
151

Torque (kNm)
o
T

05

0.0

|

15
V; (knots)
Fig. 24 Impeller Torgue

250

200

Prediction

s o
i I Experiment
5 =]
2150 SE——
a
[
- a
: ¢
B o
g 100 —— - /{{n
@
2 I
H B
a /ﬂ/
50 —— /g(
ol v o™ L L
5 10 15 20 25 30
V,; (knots)

Fig. 25 Delivered Power of one waterjet



10
09 f
o8k
= E:] Prediction
- 0.7 F o peri
& F o
<€ E g gof
8 0.6 | 5
g o 23]
w05 F =
o E
F 04 2
2 F ]
a 3 o
903
o E
0.2 F
01 E
%43 5.0 10.0 o 00 3o
V. (knots)

Fig. 26 Propulsive Efficiency
6.3 &

=
=

=Tl

= €4 A
A M@@Jﬂ AEEX + ol o

NEE =86l -GPS & EXQIBIHE &
EoH0t é‘_"—.“, 22018, 3&s+ S8 AFHZ
OMH, 0BIIEt RI|ds = 202
misiie: 74!"4 EISE =oIg & UACH
!TTC ‘96 SASEE HAYHOZ AR0HE
Iz 828 2ol %g—?ﬂ C=E0A

J

B2 224
B4, DS HsA)
r

=
2 oipe 2005HE WEDIEE RARBIS
A IR ZDel YR0ICH
# 102 ®
L 2N, OHES 9l 8091, 2003, ZAH Waterjet

2-Part ((BEE), s=FoiYAT
20K BS M1-0190-00—

Al

g

or

2% Waterjet =& A8 HAZ L AilY &

‘.

S, 2™, wAHEl, AAY, 2004, “Waterjet
P EQRRTH HSds AEIIY N
=23%, H 413A, H 65,
pp. 15-23.

OtER 2D|M, S5, 2FE, 28R, 2005,
“Performance Analysis of a Mixed-Fow
Pump for Waterjet Propulsion,” SOTECH, Vol.

9, No. 2, pp. 11-20.

OES, 0138, U, B YUY , 1998,
‘AN BEA FIX HSAE L 2E-4
H MRE UBECss =23, M 352,

H 45, pp. 11-18.

Allison, J., 1993, “Marine Waterjet Propulsion,”
SNAME Transactions, Vol. 101, pp. 275-335.
[TTC, 1996, ITTC Waterjet Group, “Final Report
and Recommendation to the 21* ITTC,” pp.
189-209.

<gAGFG> <0 HE2>

& M 42 A M6 = 20054 128



