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Computational Prediction of Speed Performance for a Ship with Vortex
Generators
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Abstract

The computational prediction method of speed performance for a ship with vortex
generators is proposed. The Reynolds averaged Navier—Stokes equation has been solved
together with the application of Reynolds stress turbulence model. The computations are
carried out under identical conditions of the experimental method, i.e., towing and self-
propulsion calculations without and with vortex generators. The speed performance in full
scale is obtained through analyzing the computational results in model scale according to
the revised model-ship performance analysis method of ITTC'78 with considering the
vortex generators into account. The characteristics of resistance, self-propulsion and wake
characteristics on the propeller plane are investigated. The proposed computational
prediction clearly shows the effect of vortex generators and can be applicable to the
design tool for vortex generators.

#Keywords:  Vortex generator(2tF24&J(), Speed performance(xE4s), Computational
prediction(#=XI& =3%), Revised ITTC'78 analysis method(=&& ITTC'78 oli& &), Resistance(X
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Table 1 Principal dimensions of objective ship, vortex generator, and propeller

Ship Full scale Vortex generator Model scale Propeller Full scale
L, (m) 319.00 Length (m) 0.126 Diameter (m) 9.90
B (m) 60.00 Height (m) 0.042 No. of blade 4
T (m) 21.00 Breadth (m) 0.0126 Chord length of 0.7R (m) 2.6382
A () 327,008 o (degrec) 260 P/Dat 0.7R 0.7451
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Table 2 Grid systems for the uncertainty analysis Us =[1-Co)d| for Ce = 18)
Grid system  Grid dimensions ~ No. of grids Y 5, =Cyq Eon (19)
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Table 3 Verification of viscous resistance coefficient for each grid system

SExp SGSI SGS2 SGSS RG pG CG

Cyy x10° 3.967 4.037 4.103 4.226 0.5384 1.7865 0.8574
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Table 4 Errors and uncertainties for viscous

resistance coefficient
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(a) Without vortex generator (b) With vortex generator
Fig. 7 Axial velocity contour and iso-surface of v, /v, =0.35 at stern

Table 7 Resistance characteristics of a ship XEels BAMEHA(ACwve=1.050x10"8
without and with vortex generators Ct Mooz VGOl D108t & HaHi=s =Jt
W/OVG  W/VG  Diff (%) SHHCW"®=2.891x107).
1+k 1.255 1.259 032 NeRL8l 14k, Cq, Cpy h Ci S Table 7
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Cpy x10° 4.038 4067 0.72 ALt EHSWIL 0 IHFS ¢, o 2 Bt
CTSx103 2.080 2.102 1.06 (2881%)0" JI11GH Al AHLUMN SIHEOI
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A& 54
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8.356x107°). Ol2i3t YBXE A+ 22 VGO

Effective velocity Thrust distribution function Effective velocity Thrust distribution function
(a) Without vortex generator (b) With vortex generator
Fig. 8 Effective velocity and thrust distribution function on the control plane : n,, =7.90 rps
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Table 8 Propeller rotaive speed, towing force,
thrust and torque at the self—propulsion point in
model scale
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VGOl JIQI5t0r Z2Ee B0l RY= K50
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g O 5t g, = SISt g, o 2AZ 2I5H0]
n, E LGN P E SISt

OI2FH VGE FHE Uads VGE FHot
X o2 MWD S28 TREQ 3L, C
o ZIH1.86%)2 p, o LA(1.88%)2 215t
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W/OVG 7.46 20.65 24.13 0.5957
W/ VG 7.68 20.71 24.09 0.6068
Diff.(%) 2.95 0.29 -0.17 1.86

Table 9 Self-propulsive factors, propeller rotative
speed and delivered power of the ship with and
without vortex generators in full scale

W/0 VG W/ VG Diff.(%)

t 0218 0215 -1.38
Wy 0.418 0.389 -6.94
Jus 0.389 0.403 357
U 1.344 1.284 -4.46
Mg 0.975 0.973 -0.21
Mo 0.530 0.544 2.64
us 0.692 0.679 -1.88
ns (RPM) 75.51 76.59 1.43
P, (HP) 30,264 31,180 3.03
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(a) Without VG
Fig. 9 Axial velocity contour and velocity vector on
the propeller plane: towing/double—body model

(b) With VG
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O Exp. : Without VG

Fay Exp. : With VG

08 et Cal. : Without VG
Cal. : With VG
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Fig. 10 Radial distribution of the circumferentially

averaged axial velocity: towing/double—body
model

(a) Without VG
Fig. 11 A view of cavitaion on the propeller plane

(b) With VG
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