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(Abstrat submitted to the 24th IWWWFB, Russia, 2009)A omparison of methods for omputing theadded resistane of ships using a high-order BEMSoizi A. G. Jonquez, Harry B. Bingham and Poul AndersenTehnial University of Denmark (DTU),2800 Kgs. Lyngby, Denmark(sgd,hbb,pa)�mek.dtu.dkThe validation of added resistane is of importane for both ommerial and navy shipssine it a�ets both eonomial performane and range. In order to provide guidane to thedesigner at an early stage, it is important to have a reliable omputational tool. One suhtool is AEGIR. Full details of AEGIR an be found in [3℄. AEGIR is a time domain, three-dimensional, high-order Boundary Element Method (BEM). In this abstrat, we will presentthe theory for prediting added resistane using both Neumann-Kelvin and double-body �owlinearizations. Both near-�eld and far-�eld approahes are onsidered. Results are omparedwith experimental data for three hull forms. The aim of this work is to determine whihlinearization and method is most reliable for general ship hulls.Consider a �oating body at steady forward speed. Two referene frames are employed:the earth-�xed inertial frame (X0, Y0, Z0); and the ship-�xed frame (x, y, z) whih follows thesteady motion of the ship. The ship-�xed referene frame translates with the ship's meanforward speed U, and mean side-slip speed V, and rotation about the Z0 axis with mean angularveloity Ω. The surfaes SF and SB represent respetively the instantaneous submerged hullsurfae and the free surfae, as shown in Figure 1. The mean veloity ~W is de�ned as :
~W = (U − Ωy)~i + (U + Ωx)~j, where ~i and ~j represent the unit vetors along the x- and y-axisrespetively.

Figure 1: Control volumeThe Boundary Value Problem is expressed with respet to the referene frame ~x. The gen-eralized normal vetor is Ni, i = 1, 6; with i = 1, 3 representing the normal vetor omponentsin the X0,Y0 and Z0 diretions, and i = 4, 6 representing the vetor ~N · ~XThe instantaneous fores an be expressed via integration of pressure as:
Fi =

∫

SB

PNids with i = 1, 6 (1)with i = 1, 3 representing the fores and i = 4, 6 the moments.Two approahes are onsidered to alulate the mean seond order fores and moments: thepressure integration method (near-�eld approah) and the momentum onservation method(far-�eld approah). The total potential is linearized up to order 2 with respet to the sum ofthe free stream and the steady base �ow Φ.
Ψ = Φ + φ(1) + φ(2) (2)



The wave elevation ζ and the pressure p are also expanded up to seond order:
ζ = ζ (0) + ζ (1) + ζ (2) P = P (0) + P (1) + P (2). (3)We onsider here both the Neumann-Kelvin linearization (Φ = 0) and the double-body �owlinearization (∂Φ/∂z = 0 on z = 0).We write ~ξT = (ξ1, ξ3, ξ3) and ~ξR = (ξ4, ξ5, ξ6) the generalized motions. In the near-�eldapproah, the earth-�xed quantities must be expressed in terms of the ship-�xed quantities:

~X = ~x + ~ξT + ~ξR × ~x + H~x (4)
~N = ~n + ~ξT + ~ξR × ~n + H~n (5)
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 (7)The instantaneous wetted surfae an be divided into two surfaes:1. The mean wetted surfae in alm water.2. The surfae oming from the heaving, pithing, and rolling of the ship and from the waveelevation.The �are angle α is de�ned suh that α = π/2 for vertial wall side. Assuming that the motionsand the wave amplitude are small, and that the �are angle α is independant of z, the seondorder generalized fore is expressed as:
Fi =

∫∫
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∫

WL

∫ ζ

ξ3+yξ4−xξ5

P
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sin α
dzdl (8)where ξ3, ξ4 and ξ5 are the heave, roll, and pith amplitudes. The �rst integral orresponds tothe integral of the seond order pressure over the mean body position (it will be alled ~Fmb), andthe seond integral orresponds to the integral of the �rst order pressure around the waterline(it will be alled ~Fwl). Using equations 4, 6 and 7, these ontributions beome
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(a) Neumann-Kelvin Linearization 0.5 1 1.5 2
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(b) Double-Body �ow LinearizationFigure 2: Added Resistane for the Wigley hull IIIwhere ~n0 is the normal vetor to the body surfae in it's mean position.The other method that an be used is the momentum onservation method. Applyingmomentum onservation to the �uid volume Ω de�ned in Figure 1 (where S
∞

is usually aylinder), we obtain an expression for the mean seond-order fore ~F . This result is only validfor the x- and y- diretions.
~F = ρ

∫∫
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p

ρ
~nds = −ρ

∫∫

S∞

[

p

ρ
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ds (11)The surfae S
∞

an be divided into two surfaes: Sd whih represents the part of S
∞

lyingbelow z=0, and the surfae oming from the wave elevation. Cd represents the intersetion of
S
∞

with the z=0 plane.
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∫ ζ
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ds (12)Equations 9, 10 and 12 an be applied using either the Neumann-Kelvin or the double-bodylinearization. These two methods have been tested for three di�erent ships: the Wigley hullIII [2℄, the Series 60 [4℄ and a bulk arrier. Calulations of the added-resistane oe�ient
σAW have been made over a range of inident wavelengths λ, and dimensionless frequenyof enounter µe. Figure 2 shows the alulations for the Wigley hull III at Froude number
Fn = 0.3 ompared with experimental measurements.Figures 3 and 4 show the results using the Series 60 hull at Fn = 0.222 and a tanker hull at
Fn = 0.166. The tanker model experiments were done by Fore Tehnology, Denmark and wereobtained by personal ommuniation but are unfortunately not publily available. It has beenneessary to simplify the hull for the tanker in order to make the double-body �ow linearizationonverge with the pressure integration method.Given the relatively large experimental unertainties involved in measuring added-resistane,reasonably robust and onsistent results are obtained using both near- and far-�eld methodstogether with either Neumann-Kelvin or double-body linearizations for all three hulls.Referenes[1℄ Jonquez,S. A. G., Bingham, H., Andersen, P. and Kring, D. C.,Validation of AddedResistane Computations by a Potential-Flow Boundary-Element Method, 27thSymposium on Naval Hydrodynamis, 5-10 Otober 2008
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Experiment (Strom − Tejsen 1981)
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(b) Double-Body �ow LinearizationFigure 3: Added Resistane for the Series 60
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(b) Double-Body �ow LinearizationFigure 4: Added Resistane for the tanker; Red line: AEGIR with momentum onservation.Green dashed line: AEGIR with pressure integration method. Blue lines: experimental data.[2℄ Journée, J. M. J.,Experiments and Calulations on Four Wigley Hull Forms inHead Waves,0909, May 1992, Delft Universoty of Tehnology[3℄ Kring, D. C., Milewski, W. M. and Fine, N. E.,Validation of a NURBS-Based BEMfor Multihull Ship Seakeeping, 25th Symposium on Naval Hydrodynamis, 8-13 August2004[4℄ Strom-Tejsen, J., Yeh, H. Y. H. and Moran, D. D.,Added Resistane in Waves, Trans-ation of SNAME, 1981, pp. 109-143


