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Abstract : In this study, simulations based on computational fluid dynamics were performed for self-propulsion performance prediction of a catamaran
that has asymmetrical inside and outside hull form and numerous knuckle lines. In the simulations, the Moving Reference Frame (MRF) or Sliding Mesh
(SDM) techniques were used, and the rotation angle of the propeller per time step was different to identify the difference using the analysis technique and
condition. The propeller rotation angle used in the MRF technique was 1° and those used in the SDM technique were 1 5° or 10" The torque of the
propeller was similar in both the techniques; however, the thrust and resistance of the hull were computed lower when the SDM technique was applied
than when the MRF technique was applied, and higher as the rotation angle of the propeller per time step in the SDM technique was smaller in the
simulations for several revolutions of the propeller to estimate the self-propulsion condition. The revolutions, thrust, and torque of the propeller in the
self-propulsion condition obtained using linear interpolation and the delivered power, wake fraction, thrust deduction factor, and revolutions of the
propeller obtained using the full-scale prediction method showed the same trend for both the techniques; however, most of the self-propulsion efficiency
showed the opposite trend for these techniques. The accuracy of the propeller wake was low in the simulations when the MRF technique was applied, and
slight difference existed in the expression of the wake according to the rotation angle of the propeller per time step when the SDM technique was applied.
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Table 1. Main particulars of target ship

Symbol

Designation [unit] Ship Model
Scale ratio A 6.2667
Froude number Fn 0.296
Reynolds number Rn 6.84e+7 4.55¢+6
) [knot] 8.0
Design speed
[mvs] 4.116 1.644
L;:rit:m];ecm’:;n Lep [m] 18.80 3.000
Length of waterline Ly [m] 19.74 3.150
Breadth of twin-hull B [m] 6.92 1.104
Draft T [m] 0.97 0.155
demil comepane I 440 0702
Wetted surface area S [m?] 118.2 3.009
Displacement volume Vv [m’] 47.01 0.191




Fig. 1. Geometry of target ship.

Table 2. Main particulars of target propeller

Designation S[yullnn ]i? ! Ship Model
Scale ratio A 6.2667
Diameter Dp [m] 0.60 0.096
Expanded area ratio EAR 0.525
mean P/Dwtean 0.845
Pitch ratio at tip P/Drip 0.845
at 0.7R P/Dosr 0.845
Chor(iaifélg(t(l)l' 7(111;;meter CDorm 0298
Max. ;1;;:(1)(11(43(;; lci;ameter T/Dorx 0.040
Hub-diameter ratio HDR 0.158
Number of blades Z 4
Turning direction - Inward

(a) Back side (b) Face side

Fig. 2. Geometry of target propeller.
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HtEA Al (incompressible fluid)oll T3 FAol 2] %]
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(momentum equation)®] TF. F WS 2(1)3} @) #u
3ol 3 A2 F7]8H O (Ferziger and Perié, 2002),
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Fig. 3. Coordinate system.

method), 22} FAFAEH(second-order upwind  differencing
scheme), % 2} H (central-differencing scheme)©] A}-&% At}
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unsteady R o] ARE-H UTh A3 A A9 time step
CFL(Courant-Friedrichs-Lewy) Z=71(Courant et al., 1967) 2! ITTC
(International Towing Tank Conference)2] 3L AFZH(ITTC, 2014a)
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=F(Lee and Park, 2021)°] # %= it}

Inlet : velocity inlet
Side : symmetry plane
Bottom : velocity inlet

Outlet : pressure outlet

(a) Resistance performance analysis

Outlet : pressure outlet

Interface : internal in

» Inlet : velocity inlet

Side : symmetry plane

Extruder

(b) Propeller open water performance analysis

Fig. 4. Computational domain and boundary condition.
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Table 3. Result of convergence study
Resistance Propeller open-water performance
Fineness performance J 0.1 0.3 0.5 0.7 0.9
Cell Crm Cell Kom  Koov Kot  Koomv Ko Kogv Kot Koov Ko Koom
number  (e+3)  number (et]) (et]) (et]) (et]) (et])
Coarse 0.73M 7.952 1.61M 0335 0421 0267 0349 0.188 0264 0.103 0.166 0.006 0.050
Medium 1.28M 8.123 23IM 0340 0425 0272 0353 0.191 0267 0105 0168 0.007 0.051
Fine 2.45M 8.188 3.50M 0342 0427 0274 0355 0.192 0269 0105 0.169 0.007 0.051
Table 4. Result of numerical error and uncertainty analysis
Resistance Propeller open-water performance
performance J=01 J=03 J=05 J =07 J=09
CTM KOTM KOQM KOTM KOQM KOTM KOQM KOTM KOQM KOTM KOQM
rg V2
€G,21 -6.5¢e-2 -1.7e-2 252  -1.8¢2 -23e2 -l4e2 -19e2 -84e-3 -13e2 -4.6e-4 -3.8¢-3
€G,32 -1.7e-1 -5.1e-2  -4.0e-2 -4.6e2 -3.5¢2 -34e2 292 -21e2 -2.0e2 -1.2e-3 -6.3e-3
Rg 0.381 0.333 0.632 0.402 0.650 0.397 0.636 0.399 0.667 0.389 0.600
6;1 -6.5¢-2 -1.7e-2 252 -1.8¢2 -23e2 -l4e2 -19e2 -84e-3 -13e2 -4.6e-4 -3.8¢-3
Us. 2.5e-2 8.5¢-3 1.8e2 623  2.0e2  4.6e-3 1.4e-2  2.8e-3 1.3e-2 1.7e-4 1.9¢-3
Us. (%SAGJ) 0.31 0.25 0.43 0.23 0.55 0.24 0.52 0.26 0.79 0.25 0.37
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Table 5. Result of resistance performance analysis

374 (Harvald, 1983)

Vs [kIlOt] RTM [N-_l CTM (e"' 3) CR (e+ 3) CTS (e+ 3)
32.81 8.077 4.620 7.492
8.0 Rrs [kN] P [kW] 7* [deg] og [m]
7.691 31.65 0.033 0.049
*Trim by bow is defined to be positive.
* = = Is;lﬁ TuBS s{;n e ¢ 'E'
40 By “ s Trim angle T
P ~Sinkag! R E
%’ 30 :i’ 5 ;':;
E 25 \/‘ 4 '5;'
% 20 ). 'l\ 3 i
& 15 .1_“ . g Lo %’
10 “lr ‘ 1 _E

Physical time [sec]

Fig. 5. Time history of resistance performance analysis.

Fig. 6. Wave pattern near hull.
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Fig. 7. Wave profile on inside hull, outside hull and center

plane of twin-hull.
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Fig. 8. Open water performance of full-scale propeller.

(a) Suction side

(b) Pressure side

Fig. 9. Pressure distribution on propeller blades at J=0.5.
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Table 6. Result of self-propulsion performance analysis

hud

P45 vlasts) 918 9

el A oy A

©)

Rotation
Analysis a;ie nv Twm 100Qu  Error
method T Il NI Nml N
[deg ]

31.00 31.77 47.98 2.75

31.50 33.33 49.99 1.34

MRF 1 32.00 34.90 52.03 -0.06
32.50 36.52 54.12 -1.49
31.97 34.84 5195 0 (SP)

31.00 31.38 48.24 2.03

31.50 32.92 50.27 0.64

10 32.00 34.49 5233 -0.74

32.50 36.09 54.44 -2.17
31.73 33.65 51.23 0 (SP)

31.00 31.53 48.09 2.18

31.50 33.09 50.12 0.76

SDM 5 32.00 34.66 52.17 -0.64
32.50 36.27 54.27 -2.08
31.77 33.95 51.25 0 (SP)

31.00 31.65 47.92 2.35

31.50 33.21 49.93 0.94

1 32.00 34.78 51.98 -0.43

32.50 36.40 54.07 -1.91
31.83 34.28 5132 0 (SP)

(c) SDM; 5° rotation per
time step

oo 02 0 12 14 16

(b) SDM; 10° rotation per
time step

(d) SDM; 1° rotation per
time step

Fig. 10. Pressure distribution on stern hull and longitudinal axial

velocity distribution on center plane of demi-hull at

ny=321ps.

wu: 00 02 04 06 08 10 12 14 16

(a) MRF; 1° rotation per
time step

wu: 00 02 04 06 08 10 12 14 16

(b) SDM; 10° rotation per
time step

(c) SDM; 5° rotation per
time step

(d) SDM; 1° rotation per
time step

Fig. 11. Longitudinal axial velocity distribution behind propeller
(distance of x/D,=0.12) at ny=32rps.
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Table 7. Self-propulsion performance of full-scale ship
. Rotation angle
Analysis . Pp ng
method per time step kW] [rpm] Wrg t s Mo MR p
[deg.]
MRF 1 67.52 770.9 0.123 0.134 0.988 0.540 0.887 0.473
10 66.07 764.9 0.112 0.103 1.010 0.549 0.872 0.483
SDM 5 606.18 765.9 0.117 0.111 1.006 0.546 0.878 0.483
1 66.42 767.5 0.120 0.120 1.000 0.544 0.884 0.481
(RTMi TM) 7FD() =0 (4) }l}(7)9’]' ZELO] E‘i}%ﬂg’] 9\}\1, Fig. 1101]}‘1 RP'E‘ Ei:ﬂa]ai 9]
w7 o]t}
7] QA T ZzAe 9 2, Byt ddgoz A
. — P,
(5)94— Z:_]_'T;]— C _ _ static 0 6
P, Hull O.S—pV2 ©
1
Fpy = EPMVWZISM{(CMJ* Crs) = Cu} ®) i — P,
C onelier — statrc 7
P, Propelle O5P(TLD)2 ( )
AG)NIM = Haeirad, G AR AT, O 2
A Aol e, 47) Aol B el
ITTCA Al AF8/d % CFD d4] A] AL time stepd = 7ol w2 MA ] A 2ol 7} HAYF o] Au|Fol A
=de o] gzt £30] 05207 9S FaLs) MRF 71HE A g 23X AFe] v doss AT £ oA, F
&3 Al A= time stepd 2] 34 % I, SDM & fr&o] 3% 3jdzte] g2 vn ek v 2=y
7S AREEE Aol A= 107, 57, IR Sho] Zbzh 103]dell o] I EAE 518 A w4 Alkte] ThsekA Rt &
gk siMs AT ¥, 7] 53)dS A9 Urtﬂ A 53] A £ A5 mdsHA F8ks MRF 7189 54 (Cho et al.,

of vigk 2= a2 %*46}“5} 2t 7S A8 ellY
o Ao} o] 5E FA¥ 2+ (SP condition)ol A €] =
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