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Cavitation tests for a waterjet propulsor of an amphibious vehicle are carried out in the Large Cavitation Tunnel, Waterjet pump

performances and cavitation characteristics including thrust breakdown performances are investigated in the tests, In addition,

cavitation characteristics for waterjet propulsors working inside the intake are calculated by using a commercial CFD code,

Star—CCM+, Sliding mesh is implemented to a rotating impeller and the k—epsilon turbulence model is chosen, Cavitation bubble

growth and collapse are estimated using the Schnerr—Sauer cavitation model based on Rayleigh—Plasset equation, Calculated

results agree fairly well with experimental results, The re—design of the waterjet propulsor is performed to enhance waterjet

cavitating performances and calculated results show that waterjet thrust breakdown characteristics are significantly improved,

Keywords : Waterijet propulsor(RIES Z=F17]). Cavitation tests(ZHH|E|O|A A&, Amphibious vehicle($524&2 ZZIX)
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Table 1 Numerical methods for the cavitation analysis

Incompressible turbulent flow

Flow Cavitation flow (two—phase)

Turbulence model Realizable k—epsilon
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Fig. 3 Computational domain for the waterjet analysis
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Impeller Tip Gap

Fig. 5 Grid system around the waterjet impeller blade and

tip region
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Fig. 6 Computing procedure for the waterjet cavitating flow

N
==

Z 1021™ Al7|HAM H|Ed 7S siA Zzfel +EME
, EZHMoR JjdlHolM BH S %‘éiw?i UEY =

° }740% 32|K-IA|7I_ _?_ H 2:
IGCE Fig. 62 A7|ollA eiZst 3T 2| 5
QUEE EF0| AAY HEE EoiF1 Uk

FHeEfold 2RHoIM EHRFH water qua||ty01| oish elzd=A
©F seed density 2 seed diameter= 22t 1x10" /m® &
1X10° moz MESIQCt Lot lme Uy 5|%of| whE 74
HIEjolM 2 3! S2| S4ol| Chsto] =X[sH4] Znfet E4R

HAIE 25 HIT ¥, BAEel UXE ew

for
i H
-|0I' Op

—_

n my =
ol

A== 7

==

dl\_
HIEolM A i 9| SH}2l scaling factore| Z+S =X35t
0of siME +HSIQUCH

B T2 ds It

4.1 AR FT7| "o AA (WH)

Ut oz Mukg FXI7|o| XM Al Hid W2 IR
Zt, A7, 2lo|3, 2= Zol, ietHE Ao oist o] Mo
= 2 =FEA|(cylindrical coordinate)oll CHEHd 20|5H|
HAkE 2= ck SEX|2H EA FR7|o| B 5E & REH
gHalol 3t 5= °._|3P01 BFof w2 T2 5o MA 9
£ Mot SO[5HK| k2 &t OHvIEF gty gheto| I8 st

Fig. 7 3—-dimensional shape of the waterjet propulsor
(WJ-1)

mjo
o

Al Bisjol| XFEA SEA
E|O|E| IIle| 3XI &AM L 4= T2 519
HIYS »’EPEﬁl(non—cyhndncal coordinate) 7|8t

4 XIEOIA 2B 'l FHE Wat AL

42 Ofo
> %‘
40
mn
=]
wa
Kl
| I

=}
I

ik
tr
o
(3
rljo

F
0
I

Am
0z
rT
N

o |0
o
o
2
N

o
SIS SIER FETIE NP Sisi0f A2
lolzolA SRE M U AIPARY ZE bigoR

>
2

e A S
N
1o
40
o
%
[¢]
E 4

HE ZAGI0] A STolMef B F
2 ALSIGict oIS HIEeE HMA
& BAFAZIHM A8 CFD ZEE 28
0o %JEPS*J FW| s H F|E0lE 52 Holske

2| % AH0[E 7 Y MAIE SASIACE

E =
EEEF, L= 2do| 7S HE &8(et efficiency)Ol

o
0z K

ir)
C =
= Fn
lo T
¢ ya fO
> o H
o
2 E o

!
oh nE -|>|

O
\-_I

S5 =0 BN FE RS FHOIM RIS FHB(E|
ol S4o| g2 22[cixA =7| 2ol £ =S2Zo
MY 12 A F27| A 2o S8 A HEAL
olct Fig. 72 &719| 2ty g Ssiod ZHE B F27|

(W-)el 3xHe debg HoiFal RArt

4.2 A FEI|(WH) &5 "ot

MAE A FET|(Wh-)el BHE Ms & FHd[EolM A
52 GrieP| fI5iod the FHu[E|0lME E{dolA pAlE Fa
E°4AI°4 1|9} Star—-CCM+E 0|83510{ #=3li=l sf|M A=

Dl sloll T2 SIEf 2717 4 S 2
onf, HA S5 Aol OIS FEA|(VRF)
A ZDlS B Bl mIc) QlEle F4

2 EAe] A2, MUEEl A HeoIA SADHAE 2
Dot v T2 UX|S Ho|1 USS Helgt + ek I3y

CHSIEMSS =2 %] |60 X553 2023H 10



roh
=
Ao
o
|_|—|
M
P
oz
ne
i
L]
odl
oN
[
|_|’]
<
™
1z

20

K, (Exp.)
== 10K, (Exp.)
L -— C, (Exp.)
| — — 1, (Exp.)
K, (CFD)
10K, (CFD)
C, (CFD)
e (CFD)

o
LI |

oéepbno
>

7

oi @7
-

olo,
;

\
\
i

9

o
w
AY
A oo
2
7/

Waterjet Pump Performances
5

Ny

FYo} AUNEFINI AVEVEFIN IRV IFAVSIE SAVIVITE SPRVETIE SRR W
845 050 055 060 065 070 075 080 085
Flow Coefficient (J,)

Fig. 8 Comparison of waterjet pump performances (WJ-1)

Fig. 9= 37x[2| F{H|Eold = H3Ko, = 2.5, 1.8, 1.6)
of w2 22| oA sk FHd|EolM 2HE ZTE E
0{F1 Uch HIZ 6,=1.6 Z=HS X MA 2ol =
= 7d[E|o]4 0|k,

FHe(Efold BHE Al DYAIFO0| EE iR ZZ0|A
=2 2l ekt FHH|E|o|M(suction side leading edge
cavitation)Z} B  EEIA  FHH|E|0|M(tip  vortex,
cavitation)0| 2 Y5O0y, Bz HiEn} stRE At
oloflA 2= FHHIE|O|M(gap cavitation)O| &A EHEM=|QICE
558} L—L7|.| ;|7<-[ e 0° odod( 2A| Hl—ok)O”A = OEI_LOE_‘?_
Elo| 72 fe1 AED MoRlgoZ ol5lo] MME diR
EMo= Qlslo] Bl EHel Q2 RE gf2 §7HH|E|0W

(leading edge sheet cavitation)0| &HlEtS 2kolst 4= QUQICE

(b) Starboard view
Fig. 9 Observed cavitation patterns for the waterjet
propulsor, WJ-I (Left: on=2.5, Middle: on=1.8,
Right: on=1.6)

) Port view

(b) Starboard view
Fig. 10 Calculated cavitation patterns for the waterjet
propulsor, WJ-I (Left: 0.=2.5, Middle: o,=1.8,
Right: 0.=1.6)

J2IT, S ST 00" FelolM QA i 5 2
of W2 Uiy oiollAf QRIT lel eRE FHulE|okd
[oler % 2ick Ol XF LSl THE Bx| 2

=l _?__IE-WJ _I‘EI’_E:'_ Hrl Aoz &k 20|

7P‘| RToZ M HAZ R viEo2RH
Hq gHe=z = gl f—'T—': MZO0| 25, o2
°|3P01 S Bt =0 s FAollM
7N ka2t %éiol Hstz|lon|2| ofAREICE A, Q2T
FHu[EOIM LY EAS JHMSE| fIsto] B2 7 Bk g
gozeo| 55 LE W0l LeES ¥ 4 ot

Muroz HulelolM Sof 240 w2t s FRe| 5

HIE[o[Me| LAZE 51 M7 |7F B
1 2EAY =HM T 2l(lip) F20il4
olgt F=M F=(cavitating flow)2| Fel2 gle Aoz &9l

RACE

Fig. 102 S22gAldnt Sk FHH|EolMd 5= 740 A

THE AZ3=0] ofet FHH[E|od siAM ZutE 2oiF1 2
Ck FHH[EOIME &= 2ol w2 se] o Ake| FiH|H|olM
2 X =712k MU o gz DAY Znfe} SAkSH Ask
2 Ho|1 Qch ch Ey 2o EQitHollM 2 FHH|E(O
A

8 22 3 2ol Z9 PRGN 2t YAl 2E Z
[e]

n

h

TECHH 3 FESH lES Eelg = U, o= 7|1E 2
BlollA gzl Biet Zo| 7HHIE1|0|A._4 7+ E2 FHolM= o
40P} FHE (B0l LS RSt

FEo| MEIER sliME Z
H oSsk= A1t FASH ZE0|Ct (Vaz et al.,2015, Shin
and Andersen, 2019). 22} T2t AlO[ofjA LASH= ZF
= 7HH[E0|M(Gap cavitation) & E7HE E2&IA FHH[E|O]

JSNAK, Vol, 60, No. 5, October 2023

301



TEASTURE B F2| Fi8Ejold M5 Eot

167
1.4f 5
3 oS LR o RV PEFPPEE BREEE
12} &
94 10F o
s | &
2 sl il
¥ T
oi osk Ly e maatiey o ¥
0al —o— C, (Exp.)
AT —o— K (Exp)
[ —o— 10K, (Exp.)
0al ---0--- C,(CFD)
2[ ---p--- K, (CFD)
: ---0--- 10K, (CFD)
005 2 3 4 5 6

GI’!

Fig. 11 Variation of head, thrust and torque coefficients
with respect to cavitation number for the waterjet
propulsor, WJ-I

M(Tip vortex cavitation)2| A<, sHE HAo|Me| AR+ T

713 FIEel £=X7|H(LES & DES 5)2 M35l FH H

TE A £ ‘R'OEIELT'_ HHEEEICE,
Fig. 112 7it|e|olMd %= Hslof| w2 =
£=9| Hslof| CHsto] FA ?:Al?:.*% S8t AZ

ZnE d|wsloq EO4TJ_ ol P SaTEHAEe A9 HY U

Ho| 7i0 22 s

(0:=1.6)7kX[2F 6::” =2 7(I':| —’FilﬁH“% QUEl =|chE2 =A

(0=1.2)8 M;Iél— HRADK] AL FE=[RACE FAZEA|

o 2o e qHe F= g Eﬂﬁl* AA

o-=1.6771X| 7t |E|0|M LMo o5t

o
£ soigt 4 Slovy, YAl Z2 625 olsiel ol

=

M FjelElolM 4 Ztaol et MAloR Ztasks oz L}
EREE ol FjulElold 4 xEE 93 FfulElold e 2t
Qlofl olfof WAlEl= AR Lol 7m0} o H=S 93t

t
Hd RE etez wel=o] U Mzeol 24 &2Hdamping
effect) 7} tIF/‘”EI"*_T'_ 0|2 ¢let oFY Al
|

O

&2 =H(o=1.2 —4.01| Me Aot 28 =2
t

S1(thrust breakdown)
4.3 SIEA FET| A M (WHI)
A7 AZE 7[E HEA FRT| (WhH)oll cist s &

= 7

7t Azt H BTzt Halof w2t ' Er =i
BlolMd 2 & ATl E[CfE2 oMo FHe(E|olME 5= Za

of e e 7ol sk Ha dEo| el=gd

o}, wei,

ol et ZItHEE ZZoIMe| 28 H5S 13isiod FiH[E|olM
45 S flet AE FED| g4 Jhdg SISt 4
Bl FZE8o HME & olof e HA siiEE g5 M
SIS Z(Ofeh 2017| 9ISt e & AH0[E2] 2ot &
£ M2 7|E dAet S5 RAIEH Aefol A B At
HAE AL ZO SiaEE Z=2oM ZHE = Us
3 31 L TtsdE Faeksb| flsto] M FED|e|
5|2 & AHE Wi WY HEE St MUAE FASI
C lEe] le| Z= A Uiy Yoozl XX 518 T2 &
2E 9lsto] mx|2t X Ap 23T} HP=(Qle, FHu(E|olM
2Rl l5to] ™| 22 HAT S SII=AC AH|0[E
S e HEE A" Dl 2t AN RSl RAE
S efsio] mRZ4Z Z=HAIF|HM EESHoZ 2YEICt
teob e st i E Alole| 2= FHH|E oM ds
2 JHUAIZI7| 2Ist i B Yae FEoz HEAIZIC

Fig. 12= 7HM
sale BoiFD gick

A7 MEE B FETI(WIHI)e| 3xH

Fig. 12 3—-dimensional shape of the re-designed waterjet
propulsor (WJ-II)

4.4 EH FR7|(WHI) FHe(EolE MHs HE

HEA FX7| gak 7ol EfEE S ASSP| 2ot A=
FEE 0|85t FRlohAlg 55101 271[2] YEH FEV| Ms
= AtfMoz v, HIkSICE
Fig. 132 HEA FXI7] A FiM e WIHI)of| Eisto] ARl |
th&E2 =2(o=1.2)2 Z&st 35/l 7iu[H|olMd = eislof

= MA(WIH)Q| siA ZHutet

2 FHulElold siAf ZatE 7|
ulmslol HoiFT gk Mytoz HA
gl Bixlo| 7|= Al

o 4 9lon] ZE WAk |

S{AF FHM oWl 7Y

CHH |l ZHAE2 Shol
ZHTHOIA 2H5% L5t
QiCh EESH QIEIR| FHH|E[OfAM LM AI7£.*7.§.(cawty detachment
point)0| E7H kol AA ol siAdnolM =
= QUH Bl 2= B2 7<I7§:101I/\ 9| 7H{d&|0]M(mid-chord
cavitation) M SME ARRHSE =felg = A2, ol= &
| 2 Aol 5t ExIt FHaldoz M
o|— Hl_7<0||_-_+

AN

slelat

jiliLR
mo |
ol

302

CHSIEMSS =2 %] |60 X553 2023H 10



R

IS - =2 - A - e

odl

L2145 - 0| Rl

[} — 1

roh
Ao
M

(b) WJ-II
Fig. 13 Comparison of calculated cavity patterns on the
waterjet impeller blade (Left: on=1.8, Middle: o
n=1.4, Right: on=1.2)

Fig. 14= 1M 27| A 7KW1 Chatod FHH |
oM == Hisjol| w2 F2d, AN I EFHF EMS HoiFD
ACE MA £E x74(0,=1.6)2CH W2 FHH[E|olM 4= 7o
M EA FX17|9| A2 s1E0| S5 ZARE 7|1E MA
(W) Z2} che| AR 2o &3 =2(o=1.2) 2t 22 7HH]
HOIM &= =Z7IX| IEfAl FR17|9] 2y, &, 3 S40|
7He| UMK RXI=ED JUSS 2 F UL, O|2FE FHE|

oMol 7|olet F F AP HU=USE el
g ek

A
Ajm
0x
k=l
[o]]]

161
14f
i A I S - ‘f
12} &
g 1.0} o c
R A !
® oaf
¥ o
o:'i: 0.6: y—-—b——&
i - Gm - Gy (W)
04 —eepe - K (W)
B --0- - 10K, (WH)
- —8— C, (WHI)
0.2 —a— K, (WD)
r —— 10K, W)
ool ety b
0 1 2 3 1 5 6

Sn

Fig. 14 Comparison of head, thrust and torque coefficients
with respect to cavitation number for the waterjet
propulsors, WJ-I and WJ-II

Fig. 156= H{EA 17| & 7HM oHWI-I)ol| CHEI04 7HH]
BOl R71 WS SA RS HOIFD oot WS
==}

24
S B Wi TAR SIxoIA MF Wetoz 247t ol

1o oo 11

e |

2 9Fd Chd]| 50% Ozl 2X|HoflA EA st FiH|E|o|M
77| B dy I MuoM IAH w2 ISS
£ = 21, 1x} D Fike(blade frequency, BF) A& CHH|
X} Fuleof siiEshs HaSE 37|= Leidel daoz
24510 USS 2 £ ok g QEE| FhlofMe| HEQ)
o] 37|= Metk tie[slo] ZdsH ZaES & 4= %41, 0
25E AHO|E FIHe| mx|zt M o] ElEN 0

A

o

Aoz =1 Qlof FHetEch

Jl'Ll

0.07
— 0O18F O2BF O3BF
0.06
0.05
0.04

0.03

0.02

0.01 U
o || I:l — |:| o |
FWD AFT

Fig. 15 Calculated non—dimensional fluctuating pressure
amplitudes (WJ-II)

Non-dimensioal Pressure Amplitude (K}

5. &

rH

= z[ist gaksl =2
2 AT LTl FEisto] fdl=flen, fEM 7 AE
HSIAI7[HA BT FET|9| FAHsH 52 AFSIGICt
tEot M| S5 27| FHB[EolE & HEAZ|HAM f/F
N FXTlof| wds= FiH|Eold SME ESIRC, T
31 549 &l Jsd T el EAlsict

J2|31, RANS 24l 7[Hte= §t A8 CFD ZEE 0]
o510 x| ofAlg S, O e ZYAIY el H]
Wit FHe[E|olMo| LH=X| gF2 dejolMel 7 Hat
of e /A FXU| ds FH Zots ZAE 2t H]

=
WA Moz T2 UX|E 2SS RISt Fiu(E|olM
54 oAl 21}, FHB(E|olM = Halol wE 2A’E] LI 4o
FHHIEOIM 2hd oM FTIEFe Moz mEAle Aot
Alet Zekg 2o|1 flont, fEe| i S Fis|EolM

HHY A QEAlE hy| O 374 =&skD UYch
=

4

3 (thrust breakdown) S41 ZEolMe] SIEA M
= S| flet BN F2U| g JHdo] =i,

xlof Mg S5lo] 1 M52 vlwsich i AA (W tf
o R| oM Zrk= 7|E AA(WKH) che| eFgAel Zhs(E[o]

JSNAK; Vol, 60, No, 5, October 2023

303



TEASTURE B F2| 748[Eo]

=
0x
or
E
AN

P

H HSE Eo{ES &l # Q11 2| AIxlEd =7ig o
35k oM F 1 S4o| YYSIK| ezl2ta of
A

References

Ahn, JW., Kim, K.S., Park, Y.H., Kim, K.Y. and Oh, HW.,
2005. Performance analysis of a mixed—flow pump for
waterjet propulsion. Journal of Ship & Ocean Technology,
9(2), pp. 11-20.

Ahn, JW., Kim, G.D., Kim, K.S. and Park, Y.H., 2010.
Development of the weight reduction pump for waterjet
propulsion. Journal of the Society of Naval Architects of
Korea, 47(1), pp. 30-37.

Dang, J., Liu, R. and Pouw, C., 2013. Waterjet system
performance and cavitation test procedures. 7hird
International Symposium on Marine Fropulsors, Tasmania,
Australia.

Ferziger, J.H. and Peric, M., 2001. Computational methods
for fluid dynamics. Springer-Verlag Berline, Third Edition,
pp. 188-196.

Han, J., Seo, J., Kim, T., Kim, D. and Lee, J., 2020.
Analysis of waterjet cavitating performances for amphibious
vehicles. KIMST Annual Conference Proceedings, Daejeon,
Korea.

Kim, D., Seo, J., Kim, T., Han J. and Lee, J., 2020. Grid
methodology for the analysis of  hydrodynamic
performances of amphibious assault vehicles. KIMST
Annual Conference Proceedings, Daejeon, Korea.

Kim, J.I., Park, IR, Kim, KS. and Ahn, JW., 2017.
Numerical analysis of non—cavitating and cavitating
performance of a SVA potsdam propeller. Journal of the
Society of Naval Architects of Korea, 54(3), pp. 215-226.

Kim, T., 2021. Numerical analysis on the resistance and
propulsion performances of high—speed amphibious assault
vehicles. Journal of the KIMST, 24(1), pp. 84-98.

Kim, T., Seo, J., Han, J. and Kim, D., 2021. Cavitation
performances evaluation results for a waterjet propulsion
system with an amphibious vehicle hul. 7he 77"
International Symposium on Cavitation, Daejeon, Korea.

Lindau, J.W., Boger, D.A., Medvitz, R.B. and Kunz, R.F.,
2005. Propeller cavitation breakdown analysis. Journal of
Fluids Engineering, 127, pp. 995-1002.

Neeley, S.K., 1997. Non—cylindrical blade geometry definition.
SNAME Propellers and Shafting Symposium.

Park, I.R., Kim, K.S., Kim, J.I., Seol, H.S., Park, Y.H. and
Ahn, J.W., 2020. Numerical study on propeller cavitation
and pressure fluctuation of model and full scale ship for a
MR tanker. Journal of the Society of Naval Architects of
Korea, 57(1), pp. 35-44.

Schnerr, G.H. and Sauer, J., 2001. Physical and numerical
modeling of unsteady cavitation dynamics. Fourth
International Conference on Multiphase Flow, New Orleans,
LA, USA.

Shin, K.W. and Andersen, P., 2019. CFD analysis of ship
propeller thrust breakdown. Sixth international Symposium
on Marine Propulsors, Rome, ltaly.

Vaz, G., Hally, D., Huuva, T., Bulten, N., Muller, P., Becchi,
P., Herrer, J.L.R., Whitworth, S., Mace, R. and Korsstrom,
A., 2015. Cavitating flow calculations for the E779A
propeller in open water and behind conditions: code
comparison and solution validation. Fourth International
Symposium on Marine Fropulsors, Houston, Texas, USA.

304

chstaMslsl=2% X603 H5= 2023 10E



	수륙양용장갑차용 워터젯 추진기 캐비테이션 성능 평가
	1. 서론
	2. 축소모형시험
	3. 수치해석
	4. 워터젯 추진기 성능 평가
	5. 결론
	References


