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A Consideration on Nonlinear Component of Maneuvering Hydrodynamic
Force from Segmented Model Test Results

By Akinori YUMURO (Member) and Kenji UCHIDA

In order to clarify availability of the so-called cross-flow model, some model experiments on hull
hydrodynamic derivatives due to drift angle have been carried out with segmented models. The
lateral forces on each of the segments were measured for various ship hulls including a flat plate.
Here, it is assumed that lateral force on each segment can be expressed by a formula consisting
of linear and second order terms. The linear and nonlinear derivatives are determined from the
curve-fitting by a least-squares method.

This report gives experimental results of the distribution of the nonlinear lateral force component
over the ship’s length. A comparison is made between local values of second order derivatives and
cross-flow drag coefficients at a drift angle of 90°. As a result, it is indicated that a ratio of the
two values is a function of the longitudinal location. Moreover, distribution of the ratio is greatly
dependent on the ship’s hull form. In predicting the nonlinear derivative with sufficient accuracy,
the cross-flow drag coefficients for 90° drifting should be corrected when s ship moves obliquely.

Development of prediction procedure of the correction factor is left as a future problem.
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Table 1 Principal particulars of ship models.

L/B series model Tanker model
L (m) 3.000 3. 000 3. 000 3. 000
B(m) 0. 0300 0. 300 0. 600 0. 5217
d (m) 0. 180 0. 180 0. 180 0.1710
Co 0. 665 0. 665 S— 0. 794
L/B 100 10 5 5.75
d/L 0. 0600 0. 0600 0. 0600 0. 0570
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Fig. 1 Arrangement of ship model and appara-
tus for segmented model test.
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Fig. 2 (a) Measured lateral force on segmented
model (L/B = 100).
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Fig. 2 (b) Measured lateral force on segmented
model (L/B = 10).
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Fig. 2 (d) Measured lateral force on segmented
model (Tanker model).
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Fig. 4 (b) Comparison of yaw moment coefficients
obtained from segmented model and
total model.
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tal lateral force distributions (L/B =
100).
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Fig. 6 (a) Linear and nonlinear component of lateral
force on each segment (L/B = 100).
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Fig. 9 Longitudinal distribution of ratio of non-
linear derivative to lateral drag coeffi-
cient.
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Table 2 Ratio of nonlinear derivative to lateral
drag coefficient for ship model hull.
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DETHRRTELZEEERNTHLERERD L IS

%A,

(1) B - BT RMBICEZ -MEZE L 4 BB
SEBERBORB R LR -, AREHEIIFMA
=0°~20°,90° Th 5.

(2) THERIH O HOEISMAD 2 XEEATIZ
HEPTES. BHOFEBEESTOMBEF G %
ko, FOKESB I GHOBEEISHE (FH1E)
DEBERELZTAIEERL.

(3) BWTEHICBT 5 FEHEEMBR LB ERO KD
MEFEOEILERL . ZOfHIE cross flow £
TMICEBEEDME L LBL TKELSRL Y, —
RRIZ BRI D S IR Zzh &
EZoF Il kv, 2EEROEN/ER 1
IEWIEETYH, ZOBEMEIE—KICIHBERM
CKRELSERT .

(4) cross flow EFMVIZ X 5 LRI BB TIEE— X
Y NOFEBEEFSIFL LB, KRFIIBITS
WBEFBICREEOKRESIEZRL TVAMEND 5.

(5) M DOEREHEOBEEL L ) EEMIITER D
e, FoSHICBVTEIEISEVWVEL S
ABEIGHEFEELRVETIEPLETHS
LEZOLND.
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