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A Consideration on Nonlinear Component of Maneuvering Hydrodynamic
Force from Segmented Model Test Results
- Effect of Shallow Water -

By Akinori YUMURO (Member)

This report presents some experimental results of maneuvering hydrodynamic forces obtained
from segmented model tests at finite water depth. The experiments were carried out in order to
make clear the shallow water effect on distribution of the nonlinear lateral force component over
ship’s length. Here, it is assumed that the lateral force on each segment can be expressed by a
formula consisting of linear and second order terms. From the experimental results, it was examined
that to what degree the second order derivatives correspond to the cross-flow drag coefficients in
condition of finite water depth. A ratio of the nonlinear derivative to the cross-flow drag coefficient
is introduced for each segment of the ship hull. As a result, it is pointed that difference in the ratio
distribution due to water depth is large in neighborhood of the ship model bow. Furthermore, it is
indicated that the value of the ratio for the total model increases with decrement of the water depth.

Keywords : Maneuverability, Hydrodynamic Force, Nonlinear Component, Segmented Model,

Shallow Water

1. #S

MR AN OIERIEE GERER D) DERRE
D=2 LT, MEFEOEWEOBIMNFREIES
Wiz, VbW A cross flow €7V Y A BRI AW
GMTVwa. LHL, TORRVOZEHRLHEEIZD
WTE, INEITHAERIEVITebhTELEIZTE
VL, SXOW|EY T, SEBEBRBOKERETE
LT, ZORUURHEBEIIOWTERN ALY
TV, WS OADMBELETIERL .

SEOW|EIEARNLHE L L TEKKREZETR L
L2bDTH B0, KRETIIEAKKEBIZOWTH
RO 2T o1 HRETT. REROFEBREKS &
cross flow E 7 NWIZ X ZHEEME & DI ITEIZHTT HK

*1 FR13E11A 15 EM=4EKFTEEGAKESIZBNT
#FiE, Bt F134€11 8308
¥ HMEKRFEIFER

EEBOBEHE L EIZOVWTHRRTWVWES., B, &0
Wik FEIRRIC, EAMLBAEL L TRMIRREBIZES.

2. HABERMETREMS

B TR 4 EOMBOSEBEMABLRL TV
B, TDILDY U H—RENIOWTAEEFEL S
RBENERETTR-oTWwS., FOEH% Table 1 I
AT, BRI ORI EREEY fFIFTuin,.
WHEREBIZOWTIE, ARBREBOME L, #IiEN I
FEhTws?, §iMTREEESZAHICL TV,
CITIEHEREHEL-EEWMEIKREL L. Th
i, FHIKEFTFICERCEEOMBETOLE LR
&, MEICKE - -BKREODEET»RLI-OTHA.

BAEAE 10 BoEsEe L, ZOEEMFEIE 3 mm
THb. KFEE, KE-KEKEH/d=1.20,1.88, 0 (£
BCi2 17.5) O 3TEETH Y, RHLAOHEIL 8=0°
~20° BLUB=90° ThsH. KEAE IS
My 255KV, H/d=1.20 & 1.8 (2 L Tix

—173—

NI | -El ectronic Library Service



The Kansai Society of Naval Architects, Japan (KSNAJ)

Table 1 Principal particulars of ship model. 0.5 -
B =5
L (=Lpp) (m) 3. 000 0al \ 0 H/d= oo
B (m 0. 5217 v \ s =188
d (n 0. 1710 Ceap Y oo
Ch 0.794 ‘
L/B 5.75

d/L 0. 0570

Fy =0.100, H/d =00 Ti& Fy =0.171 L7=.
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~0.55 m/sec DEE T >TVDH, v>03 m/sec Fig. 1 (a) Measured latiral foorce on segmented
Tt (Cp): DEIZME4 —FE L R&¥5NDT, Fig. 2 T model (8 = 57, 10°).
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DEL, RROEFNELEDIE X7 57D Fig. 3 T Fig. 1 (b) Measured lateral force on segmented
model (8 = 15°,20°).
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Fig. 2 Measured lateral drag on segmented.

model.
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Fig. 3 Influence of ship body sinkage on lateral
drag distribution.
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Fig. 4 Lateral force and yaw moment on total
ship model.
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Fig. 5 Lateral drag on total ship model.
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Fig. 6 Comparison of hydrodynamic force coef- 04r B (dee)
ficients obtained from segmented model Ys

and non-segmented model.
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Fig. 7 (b) Linear and nonlinear component of lateral
force on each segment (H/d = 1.88).
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‘Fig. 7 (c) Linear and nonlinear component of lateral
force on each segment (H/d = 1.20).

NI | -El ectronic Library Service



The Kansai Society of Naval Architects,

Japan ( KSNAJ)

H/d =188 DKIETIX, WAKDHE L ILTHM
LLTOZLIIR O W, ZOREOKEDRIIL,
EREHTDORESEHHL THEMSE L, Em@Id
LTiEk&LEHIIG5 22w, —F, H/d=120 DX
B, EAICBVWTOREZELSPREONS &
D, HIHHD2 oOEFE (1=1,2) 2 HEWY
RELIEREESVPHRDONL.

4.2 FRHHEBEHERNEREOMTE

cross flow E7FNVIZ L B354, fHA B (2 ?TL sin 8=
ﬂ@ﬂuﬁﬁénéﬁlfu

| (¥:)ss = (Cp): 3
DGR LY. B)Rick B &, FERTMER

DRMEHAEIIERNFREOERILE ZD0F T T
Bl ek A. E, WHEHOK
ki = (Y:)ss
(Cp);
EZDBE k=180 ) T EIIRA.
DIERTI,
BTk, ¥ rh—fEo
SHELT1 UEDEERTD,
FPRAHAZENFRINTNS,
DTS bk ODRHHFKREICEoTED L
TAHENPIIDOVWTIHRS, Fig. T L fFEonr: (Y: )as
D454 % Fig. 8 \Cin¥. F72 k O5Ai% Fig. 9 IO
T. &8, (Y;)ss & (Cp)i PHHFICBVTIX, ZhF
NOKE SIZARECH L TIIZER LT 24, ™
%@%%%zétﬁ?L%ﬁﬁ WWELL T, 72
, MEBFIZBWTIE k; 3KEIRVIZERER
E%TL M. — R ELEZ LTS, k OFHI
HTAKEZEBIIOVWTIE, XD L) 2 r gy

(i = 1~10) (4)
BIER D iEAKIKEE

DWTIIHFREBTTIRIZTFEL L
MERH TS WE

iy 4|4

BIENTEL, WREBOEE (1=4~8) IIBWVT
3 FICEBImICKE R EREbA LY. W, ThE

BA—FEBERLZTE, ki=158BELL L. HER
EFELNLIOEHFHLOEZE i=1~3) IIBWVT
THbh. 1272L, Hld=oco L 1.88 TIEEII/I S,
H/d=120 DKFEIZ%DERMIIKRESE S,
SHRBEEOEREMER Yy, EMILNRE Cp @
k% kTEbL, TOfE% Table 2 I2/R"T. k DT
H/d DRDVIZHECEIML T3, H/d=o00 DHE,
MO EH*BEHRHICLIERI VNS DDELZRL
TWhHH, 0.9 BREDHEE LD, 0L Ik ITEK
RETIZ1 LV SWEENS2Y, H/d=1.20 BE
DEKIREIZRSE1E2KREBXD. ED1EDD
HHEE S cross flow EFILDBENKEZ 2 EDLT L
W RFETRE, KEFSTHICRVIKEBIIBWTH

— &Ik OERMEAEIIRE CELT

5
(Yi)gs /\ i H/d:‘ogs
/ : \t\ o =1.20
3r E\\n/ o —n——n/’c\

Fig. 8 Distribution of nonlinear derivative over
ship’s length.

Fig. 9 Longitudinal distribution of ratio of nonlinear

derivarive to lateral drag coefficient.

Table 2 Ratio of nonlinear derivative to lateral
drag coefficient for total ship model.
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Table 3 Nonlinear yaw moment derivatives eval-
uated from cross-flow model.
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