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Summary

The flow under bow bottom of ships was calculated using CFD methods and characteristics of flow-speed distribution were analysed. In the study,
it was confirmed that flow speed under the bow bottom of a ship changes according to water depth by disturbance of the sailing ship and a range
of the field where the disturbance effects depends on types of ships, draft and ship speed. In this report, a developed measuring system named
“multi-layered relative velocity meter” is introduced to measure distributions of relative flow speed along water depth. After testing a function of
the measuring system on a test boat, the measuring system was installed on a PCC and the relative flow speed at each layer was measured during
a voyage. The obtained data were evaluated by comparing with the result of CFD analysis and it was confirmed that relative flow speed measured

on the PCC had a similar distribution with the result of CFD analysis.

Considering both the CFD analysis result and the onboard measured data,

finally a new method to improve measurement accuracy of ship’s speed through water is proposed.
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Table 4.1 Principal particulars of trial boat

GT 14t

L [m] 14.68

B [m] 3.6
Depth [m] 1.8
Draft [m] 1.8

Table 4.2 Measuring condition on trial boat

Item Setting
Distance resolution [m] 7.8
Measuring depth[m] 12,14,16,21,25,29,33,37,41
Ultrasonic transmission period 200
[msec]
Moving average time [sec] 10
One data period [sec] 1

L REHE

Fig.4.2 Schematic figure of trial boat.
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Fig.4.3 Measuring result of normal data ratio and standard
deviation of ship speed.
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Table 5.1 Principal particulars for PCC
Type Panamax. PCC
L [m] 190 m
B [m] 322m
Depth [m] 348 m
Draft [m] 10.3 m
— ———
a¥s 1
Fig.5.1 Schematic figure of PCC.
Table 5.2 Measuring condition on PCC
Item Setting
Distance resolution [m] 7.8
Measuring depth[m] 14, 19, 24, 29, 34, 39, 44, 49, 54
Ultrasonic transmission period 200
[msec]
Moving average time [sec] 10
One data period [sec] 1
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Table 5.3 Filtering condition

Item Condition
Sampling period 2014/11/20 19:00~
2014/11/22 7:00
Ship speed [kt] 18.1~20.8
Rolling[deg] -5~5
Pitching[deg] -1.5~1.5
Drifting[deg] -3~3
Acceleration of fore-aft direction
through water [kt/sec] -0.01~0.01
Total data number 11628
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Fig.5.2 Time series of ground speed.
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Fig.5.3 Distribution of one-sec. of relative flow speed.
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Fig.5.4 Distribution of one-sec. of relative flow speed ratio.
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Fig.5.5 Distribution of one-second and five-minute average of
relative flow speed.
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Fig.5.6 Overall average of relative flow speed ratio at every
layer to the shallowest layer.
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Fig.5.7 Standard deviation of overall average of relative flow
speed ratio at every layer to the shallowest layer.



48 H A e 1L

ULEDMATIC LY, FERRICTCEHIL2T =206 b
CFD l[REROAFAR G DT, Fio, FEMIRIZIS T i
BENC L 2R Fig.5.6 RIS T#R CrR TR HE (R 220D &

DIRSEHETIZERELRDZENbND. FighT 3%
JEDOIERE R ZEHE R 7 7 TR LIEZLDTHD. 2L
7o &b EREEN D SmBEILT 19m A7 E IS TR 22 0.28%
DEBEZZTDHENDID.

RBAMHTICHB VT, MIET 14m OREE MR B IR
BNDJE &R TR CTH D E L THDR, L IEEER
DO THIUE, Bl 2 ATRE/R IR 0 MR FICE ET 5 2
LR THD EHEREND. Up/Uyy OIERERZED 0.28%
ThHILuaBEEBETHE, 03%DREERD DR G1E, b
2 EHMEND SmUNEF L 2 EREE LW

F I BRO@ &M/ IMET 5 72 DI B DO LEE (T > T
L3, ZHUCHET 57 — X ORE - BEICITEENLETH
5. ZOHEREIISBOBETHDIN, 77— % ORER
0, BT NENALTE DR EIZ oW T, &8O xt
WElE Ug/Upyy OB A N7 T AN CIERMEEMERT L2 2N
AichdEEZLND. AEGLNIZT —X 1T Figss (2
AT RERMEEZ o CENWICHALTND Z &R
DIND,

6666666608
u49/u14 us4/u14

Fig.5.8 Distribution of relative flow speed ratio at every layer
to the shallowest layer.

TEME 245

2016 = 12 H

6. £t

6.1 B LUWZKARERFHRI G EORR

AMFFED BRI AKAEOFHHERZE 03% U FET52 L
Thbd. THEMLTAZDIC, CFD IZ L IuTikwss
WET D ITIEARIE T 30m L 0RO IR 2 g L 95 2 &
WEIEE 720, — ) CHRMBIT — 4 0 DI OB Z M
ZDTZDITHEND SmEIN TS 2 ENEE LW EDBER
DL, RO T DRMEICEY, RO 1 SOMIE
BRI LA EFETIIAEMEEERT D22 & TH LV
LR oT.

2 CEH A LSRRG 2 L 2 o A fig
WD EERET D, UTFICZOEMTFIEE =~T.

i Bl
1) ZJEAFOEGE 2 O TIRIE 45J8 OO FR et o A7 2 it
AL, ARUTRBERE (236 0T 2 A it 2 | 2 R ek &

179.
2) oI AR, BUK, MnE iR A
w3

IN—T LB 5. 2 kY (%Mﬁ Br
F/Mb U T iR 8 0 iR Feoy A 2 7V — 7 I B

T5.

3)  HBONRHEEARIC T, REAZR L CTIRT 5E%
R, T EMRITEERE DA TR & B kKR
* B E A9 (Figs.6 AL, 29m kY F
FIZBTD 1.016 BDIHICHYTD) . ZofEz s
— TSR L, AT T v — R EERT D

FIH BEBE

4) MR OFRHE 2 FHT S .

5)  FHIZAE (MUK, FRXHRE) 120G T, HERBREIC T
IS L7 b oA 7 — b b, Y2l EfR S A
BRL, ZTHAEFHANEICE U CrbRMEIcHmE 2.

TEMC AR PiE 2 B — DA IEFR S & 3 U CxrbRAE E L
TV, U ko FkasfAvws Z & T Figl4d, Figls IZbh
DHWIK « fHIC X D EAEZETE, Ho Figss5 ORI
FEORBER/NBICI 2 T, £ 0RO BUWRKANE %215
HIENTED., T7bbiEJ), FOC ([ZxH7 2 Mt o
XOO&E NI D 2 ERWIRE SN D . Z ORERIT MK
ICCHEIRA TR, KRR TRETHZ LT 5.

B ZERGGEE 2 5 JFIEOMIZ, HERBL O HIg R 0
PEIRFHT GPS & HUE A /LA G o TRRATICHE 2 Hik
B2 HND AR DR HE & oot M D kT — 7 %
HREL, M T 4V ) 7RO E T Z LT X



XF AR O FHRVRE BE [A) 112 B4 D kS 49

T, TR D B DOFAE R TRBEOHEIL T v+ — &2 1F
T D LTS E 2 bND. L ZoGEAEICE, LI
B < MRS BED K X Ap I IRUT B O it 0 A% FHEIT 5 &
LD, F— MRERT D E TIIKHE L K& SHEIC L
U7 B2 BSGRRE & 70 5. F T2 SRR OTEM T
Boz, BV LD LMK ERSZEHZEHY, %t
HHEE O B IE L ORI FIE LV b REL 25T
WD FREMED S EVY. ZOR S BRE LTI, T v — MERK
DOFFIZRDEND L LD,

6.2 fEim

AE S DS X DM EMRIE T OEFHEICET 5 MRk
SE, ZERMOMHRHEGHNFIELZBRFE L, KO, 1
TR DOUREF MZAIC K DB OV CEHH, M L. &
AL OB E RSN

®  KCS A (nE% 190m 2/ &g L L= CFD fi#
Brid, B ARIES T OO AR HEH A O EL I 35 WO TR
DEBNGFIEL, TORBIIME, WKIZE->TEL
FTHZEERLTWS., ZHICEYERD 1 >OFHTE
I K DEEFEEHEAT 50 ThiuL, e
T30m L VRS EFFHURIRE THLERD D Z &R0
Moz,

®  ZJEAUIEE O ERE A e S, IERE T — 2 E
A L RHFE O R A ORAEIC L 0, TREEREE,
JRERERIC DWW T OF R R E RN L, &R
3 IR ABHENE A R L 72

®  EMFHHNC X VST 36 K, 11628 s FHHNR R
BT B Z LT CFD FHEMES & fmd A mn
oA, 29m KV IEROEI I RE T EfE
ZOR T DA R A 157,

® MBI B ANASE D ORISR HEH TS L o T
SHACTEBTLERBS Y, ZOREIIIEHE B
DIEEREL 2D BT, ARIOFHIE % 7t
ICBETDH L, ZORBELEERE 03%LL FICImZ b
T DITIIMEN S Sm DN TS Z EmZEE LW &
NhhoT-.

PLEZE 2, KBRS EE W B od7= 6, 2R xhiis
FHERAOEE LWTEEZRR L. 2L D IERE LD Y
AT YIRS OFIRIE 2RI T 5 Z £ W TE, »
O F I X 2 IGZEb O FEZ PEBR L CIERE 22 AH 3R
W FHIHR D BB o 7o, [l B e 2 ik, Bk
TOMEME FHOED A OBAFIZ LY, CFD MR R OM

Ak & R AKARIEDOF LOVEHI I 2N T D 2 E AR OR
BTH5.

ZE X W

1) AR, s, w)IHE, RN, 2R,
MHEZ, JINRBGE M E MK TSSO EMR 27—
CFD f##, BARMAEN: L r2im U, 5 24 5,
pp31-38, 2016.

2) Kim, W.J., Van, D.H. and Kim, D.H.: Measurement of
flows around modern commercial ship models, Exp. in
Fluids, Vol. 31, pp 567-578, 2001.

3) EFEMSE: Py 7T =R X oMlEr, B A
FERE5E, & 16 &, %5 3 7, pp.160-166, 1981.

4y JINREGE « Fifplic BT 2 FEptkree =2 Y v 7, &
BRI RS S VR Y T A 0 B ARKINERE T2 %,
2015.

5) JINREGE : Ky 79— —0O&K#HEN, Navigation :
B 72258, 55 178 %5, pp35-39, 2011.

6) Hino, T., A 3D Unstructured Grid Method for
Incompressible Viscous Flows, J. of the Soc. Naval

Archit. Japan, Vol.182 pp.9-15, 1997.





