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Measurement and Applications of Pressure Distribution on Ship Hull Surface in Seakeeping
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It is demanded to improve the accuracy of pressure estimation by numerical schemes used in the ship
propulsion field and seakeeping field because they are expected to help design rational ships with low
construction costs, enough safety, and high propulsion efficiency. The information on pressures acting on
the hull in actual service is also important for rational ship designs. In that case, the pressure distribution
must be predicted from the pressure data measured at some points because the multiple measurement on an actual
ship is not realistic from the viewpoints of cost and management. For the improvement of numerical schemes
reliable data of measured pressure distribution is essential, which is used for the comparison with estimated
values. However, those data in waves had not been obtained because of some reasons for measurement devices
such as the size. In recent years, it was proposed to measure pressure distribution on the ship hull with
Fiber Bragg Grating pressure sensors (FBG) in towing tank tests for aiming at the validation and improvement
of numerical schemes. Whereas the validity of the measured pressure data has not been investigated in detail

Therefore, it was investigated whether the pressure distribution measured by FBG pressure sensors was
reliable data for the validation and improvement of simulation schemes. Furthermore, to reproduce the pressure
acting on an actual ship hull, the reproduction method with convolution integral was attempted. In this
dissertation, the head wave condition was assumed, and the unsteady pressure distribution was predicted using
time series data measured at one point. This would be the basic study to expand to the multidirectional waves
in which some measurement points would be used

In Chapter 1, the background, contents, and objectives of this study were described

In Chapter 2, a formulation of the Rankine panel method was explained. The estimated values were used for
reference values of measured data in Chapter 5 and for reproducing pressure distribution in Chapter 6

In Chapter 3, the used devices, experiment for the investigation of temperature interference of the latest
FBG pressure sensors, and the measurement of pressure in regular and irregular waves were explained

In Chapter 4, the temperature interference of the FBG pressure sensor version 7 (ver. 7) was investigated
While the FBG pressure sensor in older versions was influenced by the temperature, ver. 7 showed improvement
regarding temperature interference because of increasing the rigidity of the sensor ring frame and installing
a stainless—steel sheet to the diaphragm.

In Chapter 5, the usefulness of pressure data measured by FBG pressure sensors was discussed through the
comparison with conventional strain—type pressure sensors. Furthermore, the pressures were validated by
integrating measured pressure and by comparing the forces with directly measured ones. These investigations
concluded that measured unsteady pressures were valid data for the simulation schemes. However, steady
pressures showed the gap between the outputs of FBG pressure sensors and strain—type pressure sensors because
disturbed flow by numerous attached sensors would strongly influence the steady pressure. In addition, the
dominant hull surface for added resistance was also visualized using the obtained pressure distribution through
the investigation.

In Chapter 6, the time series of pressure distribution was reproduced through convolution integral using
measured pressure data at one point. The reproduced pressure distribution was compared with directly measured
pressure distribution and showed generally good agreement. The impulse response function has non—causality,
so it is not appropriate for real-time prediction, but it could be applied to the on—board monitoring data
analysis.

Chapter 7 summarized this study.




fk X7
M BEAEOBEOEE K OVHE Y3

K4 ( EE PN )
() £ %
= B S Rz
WCEEENE | 8 # B iR — 1
al Bt %5
il 7 o T el (BB RSE RSB TR ER)
i XEEDOMROEE

MO K E T OEH A OEACITIM O BFESCE 24 U SH 5, MMIORRGHOE A OFRE & 72 5 22t IEIT,
MOBHERCERIC L VIRE D DT, ZOENNATZ EMHEICMD Z LIXTENICERODH D Z L Th b, ik, BRmE
WK ER TIE, OFTHRKOTEN 7 — P BRI RIS DAT 2 & TEAFHMTbRTE R, LarL, ZOJE
N7 —=VEEORE SROAMA D BAKE FIMEREOREICIY (1T 5 2 LR TERWEZD, "L LTOENITIEM
WCEHAITE 2 b 00, H & LTENDMEFHIITE Zevy, —J5 e, /NG THER S 2 1Tk T & 2860 (X
DYWL S & > Y— (Fiber Bragg Grating pressure sensors : FBG /£ 1 > ¥—) MR S, m & LU TENDA & I
(ZRHAI T & B ATREMEAS B 72, ARBFSETIE. FBG JE & ¥ — A58 L TR S ALK E F O E 45467 — 2
BB I 2 b—a VORGELWHEICE > TREETE 27— 4 THHZ EEMFEL TV D, 51T, K
v Iab—var ot LTERTOEREZEZ X HAIC. RO R TRl SN ENE®RY & /KE T4 o
ENSAi 2 BT 2 FHEE2RELTNDS, TONAEZRLOEILICROBEYICE LD TN,

B ETIX, AFEOE R, BEET 2RO FESEZ R L, AFEOERBS LOHMNE ERNEZ R L TN D,

52 BT, MK T OB 72 E 15040 A BRI SR D B 72D D ZRGE AT v v p VEERICHE S T o F o8k
IEDERILIZOWTHAL TV D, #EMIIE 5 ZETRET — ¥ O5Bfie LTEH L. 6 2= TME/KE FOEN
SAADOHEIAEHA LTV D,

53 B TIX. AVAKE T OB E ) oA FHANC BT L7 258 3 K OMRHTO FBG £/ & & 9 — OIR T4
AR, BRI & RBRE O EREIZ O THI LTV 5,

HAFETIL, FBGE BV — =22 07 (Ver. 7) DIRETHOFTEIZOWTHIAL TWD, [HX— 3 O FBG
JENE Y —IXREOREEZ T TWEN, Ver. 71XV —V V IRBOMIET v T F A YT T E~NDAT VLAY
— FOEBFICEIVIRETUNUEINTNDLIZLERL TN D,

¥ 5E T, FBG [ENE =Tl &ENZENT —F O ON T, /RO OTAHRE &P — & DL
WCEV#ER LTV D, SIS, WEShIEEA DA EEY L TERLND P %, BIRRAGH CEBNE Sz b o b g
THILIZEST, ZOAMEELRFEL TV D, E7o, BIRPIRHUHEN & 70 2 M RREE I por 2l L TRl b L.
TUEBIEF AR LR LTV D, ZHUHORIEIC LY | JIE S 23EEFE RICERT 5ES) (330E >
2= a YORGEZE > TAN T —Z THDH ERERSIT TS, L, EFENTIE. BT on=25ox
UY=L K DM DENDBEINIRE R EEZ G2 5729, FBG JEE =& OTHRET & —D DRI
XYy ITRELND T XML TND,

HemTIX, EMTOEMAEE X, BHELERIEE—HMOEANET —4% (FRIIT—4%) &, HiEFtHETH LR
DMARREAEIC L DENMARBRRERT A VA REBEEBRIALFE T 5H 2 & T, MIRRE R OE 1R %
% FHT 2 FEERRE L T 5, BELESNZED 0 MITEEE ST E ) 0f & ik S, R —HE R L
TWo, ZOA V7V AREBBUIIRRERH D72, VT AX A LA TRICITE S 20, A R—RE=X Y
7T — 5 OEHMNIIISHTE S LM SN 5,

BTEIX, AR THOLNTBRRDOE L O TH D,




PAED X 51T, AFwSCTIE, 5D FBG £/t ¥ — % W2 BRISE R 3 2 MoK T o755 10 O FHURE R 4
TERDFIEIC L DFHARER L OHEIC K D ZDOFEDIMEE R L, BIOT % NI WEIC K DEEFE & O i &
WEOT—=ZOHEMMEEZRL TN D, SbIT, Kili FAMEERIE D772 — s CRHII S N ERSRAI L 0 | AR 4
DIENRERINEZHEET 2 FELREL. TOREMELZERINTRLTND &V KT, LHFHNTHERME - A MRS
Vo A SCOBARFEATIER A EIZIRE SN TWD 23, ZORRIT, 5%, FEBESRMTH 5277 mAB R HE
R D IO DIMER 2 IE L 72 D,

Lo TRMIIH LR E LTlifEH 2 b D LERD 5,






