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Many researchers have been trying to improve the propulsion efficiency of a propeller. In this study, the numerical analysis is

carried out for the POW(Propeller Open Water test) performance of a propeller equipped with an energy saving device called

PHVC(Propeller Hub Vortex Control). PHVC is aimed to control the propeller hub vortex behind the propeller so that the rotational
Kinetic energy loss can be reduced, The unsteady Reynolds Averaged Navier—Stokes(URANS) equations are assumed as the

governing flow equations and are solved by using a commercial CFD(Computational Fluid Dynamics) software, where SST k—w

model is selected for turbulence closure, The computed characteristic values, thrust, torque and propulsion efficiency coefficients

for the target propeller with and without PHVC and the local flows in the propeller wake region are validated by the model test
results of KRISO LCT(Large Cavitation Tunnel), It is concluded from the present numerical results that CFD can be a good
promising method in the assessment of the hydrodynamic performance of PHVC in the design stage.

Keywords : Hub vortex(6]2 EQEIA) PHVO(ZZ2MR 5|2 HRHEIA REEIX|) Energy saving device(ESD, OfLfX|&ZHALR)). CFD(H
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Fig. 1 Schematic diagram for the principle of PHVC
(Quchi, et al., 1989)

TAlsiAdof ARSEl CHat KP839 Z2E2{et PHVCS| 7|
2 KRISO LCT 2¥AS Soll HA 2AE Bt 2lon =
2ie| Zoll PHVC & 770l e 2t F&S23 Fig. 20iAM
Biel Zrh ZEAHM ARZE ZHEC| F2 M2
Table 12t 29} ZT}. 0{7|A, ARZE PHVCS| E7H2| XA £
= ool =8liEl 2 o7 (Kim, et al., 2015)2] LCT =2

A ZrizFE MEEAC

FFE

M
S

Z4

|r ruE o|r

(a) w/o PHVC

(b) w/ PHVC
Fig. 2 KP839 propeller model without and with PHVC

Table 1 Principal dimensions of KP839 propeller

Item dimension
No. of Blade 4
Model Dia. 250mm
Pitch Ratio 0.6899
Ae/Ao 0.5062
Rotation Right Handed
Hub Ratio 0.160
Section NACA66

Table 2 Principal dimensions of PHVC

[tem dimension

No. of Fin 4
Model Dia.(max). 58.7mm
Hub Dia.(Upstream) 36.6mm
Hub Dia.(Downstream) 23.7mm
Length 25.92mm

2 ==2oMe Z=2EE F| F32 HHHoM sHA
(cavitation)0| Gie 2Hds| W HIUFM HRRS(turbulent
flow) 22 715t oAZ5HE Al(continuity equation)2t URANS
(Unsteady Reynolds Averaged Navier-Stokes)2 X[HiEb&Alo
2 ARBSICt HHREEE2 A iyt EMske 4 RSl
Aof| o|&o| =2 MK S(viscous sub-layer) BoM2| k—o
2HE M85t O 2 PoAolM k-2 S ZEsk= SST(Shear
Stress Transport) k—o 22! (Menter, 1994)2 XM&3%Ct X4l
2y Alo| s 2 2xt HEtzo| o|AEP |HE TiKle REWIA
#H(Finite Volume Method, FVM)& ARSI S0Y, 0|E 7[Ee =z
Sh= e Z2a3ol STAR-CCWHE 0[&3510] = od7e| 4|

JSNAK; Vol. 53, No. 4, August 2016

267



zZ2Heo} 5|2 HosA FHTA| ASAR OFD o4

Mg HSIHCH (CD-adapco, 2015). Z2E | 3|M2=2
H|I&AHunsteady) &EfOIA XA 2| 31M2 Sl 2FAcZ F
Sh= 2SS ARSI 20! STAR-CCMHOlIM= RBM(Rigid Body

Motion)He 2 =2|= ez 5,

Velocity inet

’

Symmetry

A7 sl
L

Pressure outlet

Fig. 3 Computational domain and boundary conditions

(a) Trimmer mesh for the non-rotational region

= SRS S

(b) Polyhedral mesh for the rotational region
Fig. 4 Grid system for the propeller and PHVC
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Table 3 Comparison of A, of the propeller without
and with PHVC

LCT CFD

w/0o w/ w/o w/
J | pHVC |PHVC| %9 | pHVC | PHVC | *d

0.3 | 0.2202 |0.2222| 0.90 | 0.2200 |0.2210| 0.45

0.4 | 0.1783 |0.1806| 1.31 | 0.1788 | 0.1794| 0.31

0.434 | 0.1642 |0.1669| 1.64 | 0.1641 | 0.1646| 0.32

0.5 | 0.1376 |0.1406| 2.18 | 0.1370 | 0.1373| 0.21

0.6 | 0.0967 |0.0985| 1.85 | 0.0936 |0.0938 | 0.22

0.7 | 0.0477 |0.0486| 1.91 | 0.0462 |0.0460 |-0.43
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Table 4 Comparison of 10/, of the propeller without
and with PHVC

LCT CFD
w/o w/ o w/0o w/ o
J prve | pHve | %9 | pHVC | PHVC | *d

ol

]

4.2 AUHRE

0.3 | 0.2542 | 0.2518 | -0.97 | 0.2563 | 0.2550 |-0.52

Figs. 8, 9= AA ZHZH[oM ZZHZ

0.4 0.2210 | 0.2183 | -1.21| 0.2221 | 0.2213 | -0.38

ZE HoiFn

0.434] 0.2091 | 0.2071 |-0.96| 0.2095 | 0.2089 |-0.31

Z=2d Dl a3 ZRe| 2leading edge)

5l=7y stRBiIA Q=iol B7IE %2 2 % %

0.5]0.1854 | 0.1842 | -0.61| 0.1851 | 0.1847 |-0.22

Mgt Hiet o] PHVC

0.6 | 0.1464 | 0.1448 | -1.07| 0.1435 | 0.1436 | 0.06

oF HtiEct SelHel Ao

0.7 | 0.0979 | 0.0964 | -1.57| 0.0957 | 0.0959 | 0.18

sl2 & =olspls of

Table 5 Comparison of 7, of the propeller without
and with PHVC
LCT CFD

w/o w/ o w/0 w/ o
JI pHve | PHve | %9 | PHVC | PHVC | *d

0.3 | 0.4136 | 0.4214 | 1.89 | 0.4098 | 0.4138 | 0.98
0.4 | 0.5135 | 0.5266 | 2.55 | 0.5126 | 0.5161 | 0.69
0.434| 0.5425 | 0.5569 | 2.65 | 0.5409 | 0.5443 | 0.63
0.5 | 0.5907 | 0.6073 | 2.82 | 0.5890 | 0.5915 | 0.44
0.6 | 0.6312 | 0.6498 | 2.95 | 0.6228 | 0.6238 | 0.16
0.7 | 0.5424 | 0.5616 | 3.54 | 0.5376 | 0.5343 |-0.61

Table 6 K, and K, actinvg on the each component

of propulsion device(J=0.434) without and
with PHVC

Propeller w/o
Forces cap
(w/o PHVC)

Prop. cap | Propeller | PHVC
(w/o PHVC)|(w/ PHVC)|(w/ PHVC)

Ky 0.16574 -0.00168 | 0.16617 |—0.00159

10K, 0.20950 0.000032 | 0.20978 |-0.000903

Table 62 A1 R17I8|(J=0.434)0lM 2x(aAl Zzollnf =
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A2 PHVCI MEHZ S8sl0l T2 Wil £238 3
JWZASLE PHVC Aol S| £237} Alcisiom A FHx
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oo E BN
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(b) w/ PHVC
Fig. 8 Pressure distribution on the pressure side of
the propeller with & without PHVC
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(a) w/o PHVC

Fig. 9 Pressure distribution on the suction side of the
propeller with/without PHVC

(b) w/ PHVC

(b) suction side

Fig. 10 Pressure iso—contour on the pressure and
suction side of the PHVC

(a) pressure side

Velocity: Magnitude (m/s)
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[ L - .

(a) w/o PHVC

Velocity: Magnitude (m/'s)
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(b) w/ PHVC
Fig. 11 Volume streamlines of hub vortex flow

Fig. 12 Hub vortex cavitation observed in LCT POW
test

Vorticity: Magnitude: 0 50 100 150 250 350 450
(a) w/o PHVC

Vorticity: Magnitude: 0 50 100 150 250 350 450

(b) w/ PHVC
Fig. 13 Vorticity magnitude distribution at y=0 plane
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