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This paper carried out numerical analysis for estimating the propulsion performance of the model scale ONRT benchmark model

of ‘Tokyo 2015 a workshop on CFD’, The method reflecting the scale effect of ITTC'78 method and form factor were used to

compare the estimates of the effective wake ratio of full-scale, The numerical calculation was performed with Siemens’s Star—CCM-+,

compared with IIHR model tests and the numerical analysis results of other research institutes, showing good agreement, In the

case of an open stern and twin skeg ship, the validity of the ITTC'78 method can be confirmed by assuming that the effective

wake ratio estimated from the numerical analysis results of model scale is similar to the effective wake ratio of full-scale,

Keywords : ONR Tumblehome(ONRT, DTMB 5613), Effective wake ratio(f&8FH=FH|), Form factor(&&7|4), Self—propulsion performance( Xt
A5), International Towing Tank Conference(ITTC), Reynolds Averaged Navier—Stokes(RANS), Computational Fluid Dynamics(CFD)
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TxG1AS 285 ONR Tumblehome2| FEEFRH| FHo 25t A7
2. Xx|5l|A did HBLZEOf STAR-COMHE 0I8310] xlalAi2 313t
CHSiemens, 2017).
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ONRT ¥ Z=2H2{ A2 Fig. 20, 2 M2 Table 10

-

Fig. 1 Coordinates system

Muk 22| F5S HIUEN HHF-RS(incompressible turbulent
flow) 22 JP4sin X|tjEFAlo =M A EFAl(continuity
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equation)Z} RANS(Reynolds Averaged Navier—Stokes)
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] ox; p dx; p ox;\ O, J

047 2llol==S=(reynolds stress)e — pu,u; 7t 47104,
Ho|==3E S 2N pUFo| L ZHE HM2(sICt X4l
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2 AR3kE FetHI A (finite volume method)22 T51QIC
2.2 o
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k9 wEtof ofs) SEfsE Hef 2 Wstez RSl Al 0|
St SST(Shear Stress Transport) k-o SHFZH (Menter,
1994)2 ME3I%ct SST k—2d e HREAS e MA
HAOM k-2 S M5t 1 2| AFEE(free—stream)D
Ao k-3 S Zetske FEfO|C MAZ Qlof M=
Zxapsiak2 HRAMZE(High Resolution differencing)ti2 HIE
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CHPark et al., 2005).
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Table 1 Principal dimensions of ONR Tumblehome

Particulars Full scale Model
Length of waterline 154.0m 3.147m
Maximum beam of waterline 18.78m 0.384m
Depth 14.5m 0.266m
Draft 5.494m 0.112m
N oo | M| 13
Propeller diameter NA 0.1066m
Number of propeller blade 4
. ! X/Lw 0.4267
cent;(r)plgc:rtion Y/l +0.02661
z/Lwi —0.03565
Propeller shaft angle NA 5deg
Propeller rotation direction ,
(view from downstream) inward
Fn 0.2
Rn 3.48 x 10° | 2.91 x 10°
Scale Ratio 1 1/49

(c) Side view
Fig. 2 Geometry model of ONR Tumblehome & propeller

(b) Front view
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(c) Side view

(b) Lookmg upstream view
Fig. 3 Numerical analysis for P.O.W. calculation
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Fig. 4 Comparison of thrust, torque and efficiency
coefficients for POW tests
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Table 2 Comparison for form factor

Bare hull Fully appended

1+k (CFD) 1.094 1.219

Table 3 Comparison of resistance coefficients with
different wetted surface area

Bare hull Fully appended
Cv (x10%) 4173 4.534
Crn (x10%) 3.815 3.720
Cwe (x10%) 0.359 0.814

LR

(b) Looking upstream view (c) Side view
Fig. 5 Numerical analysis for self—propulsion calculation
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0{7|M C= HAXNEAS, Ce S7HEEDENEATE 24
2} LIEpHCY, xTLPH§,F74I—’F(wave—maklng resistance coefficient,
Cw)7t 818 42, EMXNEAH I X EAH (total resistance
coefficient, Cr)& CHMIE = UCt. J2[sto & dAFoM= &
X2 So FItE2 ZaeiK| 22 Umsel(bare hull)2t LX|
4, 2B MZE 5 HE T7|E— a5 MEf(fully
appended)i LEFOIA, SASE Table 201 LIERKQICEH &
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Table 4 Comparison of total resistance with different free
surface(fully appended)

CT (X1 03) CFN (X1 03) CP (X1 03)
IIHR EFD 4.916
CFD 4.790 3.717 1.073
(w/free surface)
CFD 4.534 3.720 0.814
(w/o free surface)
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Table 5 Comparison of the free running at model point in calm water, propulsion coefficients

C C C n(rps)
U (x183) (x153) (x153) N Ka Value | DIff.%
IHR EFD 1.01 8.97 -
ABS (OpenFOAM) 1.001 5.403 3.856 1.547 0.257 | 0.0736 8.8 ~1.90
HHI (StarCCM) 1.002 5.273 4117 1.156 0249 | 00700 | 885 ~1.34
IIHR (CFDShip-lowa) 0.999 5.449 3.886 1.563 0.224 | 00649 | 9.449 5.35
IHR (REX) 1.00 5.540 4.290 1.250 0253 | 00716 | 885 ~1.34
SJTU (naoe—FOAM) 1.00 4.940 3.530 1.410 0.196 | 0.0610 | 9.48 5.69
Present study (StarCCM) |  1.00 5.742 3.644 2.098 0277 | 00713 | 8629 | -3.80
1} RS (BHE) O SO0 ofeliol et AMAS Al (9) LR Z0|D, 4 (12)2 TTC78 AN SEURY| S3AS
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Table 6 Self-propulsion parameters

ITTC’'78 method
tm 0.2657
Wm 0.1699
Nm 7.6650
J 1.3585
(K1)sp 0.2245
(Ka)sp 0.0571
No 0.5871
Nr 1.2019
M 0.8846
Mo 0.6242
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V,/V: -02 0 02 04 06 08 1 12 14

(a) x/Lw.=0.4267 at propeller plane

IJ—V V,V: 02 0 0204 0608 1 12 14

(b) x/Lw=0.465 at rudder plane

YLy,: -0.005 -0.003 -0.001 0.001 0.003 0.005

1 9 0 95 1 15 2

(c) Wave pattern(present study & Wang et al., 2016)
Fig. 6 Flow field at Fn=0.2 for self-propulsion
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Table 7 Comparison of effective wake ratio at different
form factor in full scale

ITTC’'78 | Garcia “Q'a”nj Ha et al.
method method method method
1+ky 1.219
1+ks 1.219 1.311 1.248 1.297
Diff.% - 7.55 2.38 6.4
Wi 0.1699
Wrs 0.2609 0.2560 0.2594 0.2567
Diff. % - -1.9 -0.6 -1.6
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