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Table 1: Wind velocity. Values of Uio were estimated using model (7Takagaki et al., 2012).

N F U Uio u*
[rpm] [m] [m/s] [m/s]  [m/s]
Takagaki et al. (2017) 1300 6.5 14.0 22.8 -
RIAM Report (2019) 1700 6.5 22.2 36.8 -
Present Study 1600 33 24 37.6 1.9

Fig. 1: Relationship between freestream wind speed U, and friction velocity u* at x = 33 m.
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Fig. 3 Experiment for localization and mapping of an ROV
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TESZ T 2 721X, KT 5%
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BNTEEN Y | TR EZEHEER & OB R-CE @RI L > THREMET 2R Y b
(AR DO 2R AN D & WIFE L7, Ak 30 42E121%,. KAUBE-1500 % =@
#ft (ROV E— K) (2L o THIBEIZATV, 2019 2T A ESE (AUV £—FK) %
T T, ZOEMIERETHMIO /O DERERT — X ZHGFT 52 LN TEDOT, 2020 F4
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T& /MU AUV OkEr - B EZED TV D, ABFZETIE, Fig.2 [TR3/ME AUV Ot
PEREZ B B Z T D 72D OPERERER 2 F i %,

CIAF R Rl AR

AAFFE T, JUNKFIS R 1 F 58T O TR RS )5 EBKFE I W TS 7 > R
B 2 AR > N KAUBE-1500 O /KFERERZ K L, £ OEMMEREH 6ncT 5 2 &
EPEL TV, LLARn 6, 2020 FEMID L0 HAL o 7 A L ZERYYEIZ K 5 8BE
FRERESOLDIIEE N KEICHIBIND Z &2 o7z, ZD7=H, KAUBE-1500 @
flfH s 2T LOWREHED D Z LN TET /IMLAUV 2 W THIEROMREZITH) Z L &
L72, /N AUV OftEE% Table 112, BB OLLT-% Fig.d3 2”7, /KiE Tm TOME
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HTOBENRS D LODOFEERIEITH 2 & CEMBMICRD Z L2 LML,

Table 1 Specifications of small AUV.

Length 1.3 m
Breadth (wing span) 0.52 m
Height (including upper rudder) 0.15m
Diameter of fuselage 0.15m
Mass 16.95 kg
Displacement 16 ¢

S

Fig.4 /M AUV OEMTRER O T
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1. BWY

K B IR SR 7K 2 it U 72 S BRI vn e o Bl 0 W LS JE A A @i L TS, 2012 458 A A
O, IREOHHE L HEOREOBOKMZE (Fi#E—RE) 281 L 5% (Takikawa etal, 2017),
B2 EEORE (A-18) TIEL. ZOKNZE LB TR ONRET — 2 ZHAWT, HfE— LS
[ 2 1@ DK DR ED JAES D IOV TR L7z,

Alal, AKRALEFOWNEERMOIEFEIC L0 . FeRFIBIH T — & 8@l g Z L iZ7e o7z, Z ORI EZ HE
THELEBIZ, ZNETOHFMEE - LERBIRKET — 22 F LD 5D,

2. Bl - 7 — FfEAT

FESE & RS TEHICKERD/NKALEE (Rugged TROLL100, In-Situ 1) % 2012 4 8 A TR 6%
EL, 10 MR T2 SOKMEZBRAILTWD (B1), 202049 A2, B CTTF — X EZ{To72 &
A, KRAGFONEEMZIHEEL TEY | 129°00'  129°30'_ 130700' 130130’ 131:00'_ 131:30'_ 132'00
W T Z KT LW, HilEE & RS '
DKRNMEHZX, ZHZ1 2019 4512 A B
E 11 HERETT—2 %58k L TED,
7, HEEEHL e (&1, 2
DIRNLF OB T E 22\ N [d—
PEFE DKL A FFaRE L. 2020 4F 9 A 2
SE A B LT,

SR 2 FEEHA (A-18) ERIERIC, K
(3% An 26 HEE— RS EEETEE T f» ,
ERAS 5T, 72720, M ADCP F—% 0l PR
O (2012 410 A~2019 410 A) B 1. #%if§5 (Ohmijima) & iLE (Mishima) Of7{E (O),

ZBML, #EREEELE, HERRIT ADCP EHR T, 3t it SR S - 72 i 47 4
T = 0.036541 — 0479 (1) (Abf 34 33 49~34 £ 46 47) . “ZEEAR 1T 20 m [
02 L DR ER 2T ROKRERT.

£ 1. £WAOKNFE (Rugged TROLL100) D> U 7vk5 (SIN), REFEH | BHAIBHLS - K THEA,

BRI A S/IN REEH BIIBRAA BRRKT
= 304352 2019 4 11 A
B 304367 201241 A 20124 8 A 2019 4= 12 A
I B, b 53
IR R KERE KPE - BRER AR AR W RER (AFZEfFE)
FUNKEE s i D54 2e i T T2 (FrNHEEA)
@R KPEMELER 2 v 2 — MWHEZ (WF3EHE)
LR KEERFZE Y v 2 — PN, B RS (BRS04
FIERT INFEERER A E Y v 2 — BAME (WF5EH #)
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®&2. HipE—REMBEEKE (Svy1Sv=106m3s1l), RMEZIELT D,

2012 2013 2014 2015 2016 2017 2018 2019
1A A 0.026  0.045 0081 0071 009 0210 0.077
] -0.025  0.041  0.062  0.043 0100  0.206  0.070
T 0.001  0.031 0046 0022 0119 0176  0.049
2 A +a 0.029  0.060 0027 0045 0.098 0193  0.063
Sk 0.003 -0.129 0074 0055 0.088 0136  0.044
T 0.020  0.048  0.040 -0.002 0.083  0.145  0.041
3A lo%:) 0.061  0.043 0.058 0.026 0149  0.099  0.049
] 0.033 0.081 0095 0037 -0.003 0.050 0.108
G 0.050 0116  0.091 0061 -0.039 0198  0.111
4 A ot 0.062 0118  0.024 0091  0.022 0220  0.088
4y 0.091 0058 0105 0119 -0.009 0.168  0.065
T 0.067 0103 0113 0138 0.051  0.187  0.076
5H llo%:) 0.072 0109 0113 0146  0.122 0177  0.084
Skc] 0.066 0123  0.104 0167 0.167  0.144  0.089
T 0085 0139 0131 0172 0162 0206  0.143
6 H ot 0.097 0142  0.028 0093 0192 0181  0.114
4] 0.181  0.144  0.037 0141 0173 0167  0.079
T 0.147 0150  0.050 0169  0.202 0220  0.071
7H llo%:) 0.160  0.140  0.059 0142 0.330 0.164  0.086
Skc] 0219 0179 0048 0202 0458 0215  0.100
T 0385 0144 0118 0.092 0.365 0213  0.141
8 H ot 0499 0100 0229 0069 0171  0.134  0.092
H4) 0331 0151 0163 0094 0231  0.054  0.103
T 0073 0183 0171 0067 0315  0.091  0.214
9 A loXc) -0.013  -0.091 0062 0106 0137 0204 0113  0.165
H4) -0.031 -0.079  0.026  0.047 0.060 0147 0.088 -0.067
T -0.024 0017 0085 -0054 0055 0290 0.107  0.099
108 LA 0.052 0127 -0.062 0013 0145 0.252  0.052  0.196
k] 0.020 0078 -0.027 0017 0109  0.222  0.045  0.050
T 0.062 0107  0.106 -0.042 0116  0.221  0.083  0.125
118 k& -0.007 0177  0.097 -0.007 0125  0.220  0.000
4 0.042 0103  0.057 0.008 0084 0188  0.008
TR 0032 0109 0.029 0037 0083 0222  0.021
128 kA& 0.069 0132 0115 0.085 0100 0185  0.013
Hi4) -0.003 0096 0078 0062 0055 0172  0.080
T 0.036  0.093  0.01 0034 0.079 0207  0.081
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1. HEY

FEIC T 2 EHERY (NO, HEHEIX 2011 F 2B ZEAMEANICEE U TV D, —RICHEHET —
Z1%, RFEFEHERIEEZ L LIRSS (R AT v 7k B, TOHFHIIBEEZET D L0
IRIESEN DD, ZORICK LT, WY TILE A LOREBIT — % Z W& & Lzt (b
v FHE AR BERTH L. RILRFIFAFIE T, /T U7 A7 —/VOYEHEHER & koo
B 570, MR FEZHESE L TNO 2RI BT —Z N— 22 TEE TEHT5Z L% A
FELTWAD. 2019 4F 12 ARICHEREZFHE Lol an - oA L ZAOEIEIC X > T AMIES)
FRESHPEINDZ L ERY, RRIGEVBEHFHES RES B LI EREZ LN, ikt 3
£ H LR DAL, TROPOMI & o —IZ KD EfG LT — & % % & 12 2020 40 NOL HEH &2
O 2 L, FEOr v 7 X0 CROBEERKIGYE OB A BEET M XV R L

2. FiE

Sentinel-5P {72 |2 #4534 S 4172 TROPOMI & v #—I2 X% NO, 7 7 A& (K& &) &2 U /2. Level
2 @ swath 7 — % % 0.06°x0.06° DA% - 557 — | T2 M UFENTIC .

2 OB KRG YO LA E FENTT 2 720, RERULFHEEET /L CMAQ IC X 2 HfEY I = L—
VariEE L. ANSEFRPEHET — 2138 AT v 712 KD HTAP version 2.2 % ~X— A2,
2017 FEDOFAEJRIX D BIOHEOHGHEZEH L7zb 0 a2 H Wz, 512, FEOM EEREO®E
FERMREZ D LIS, NOB IO SOHEHEN 1 A 23 BbBthSNFETORr v 7 X R
WL Te EARE T DR SR & G o TR L 7.

3. FWERLEBLE
TROPOMI D@ fRAGEE T — 2 2 6 &2, JUNALERCBA TG - B ARG 2 55212 2019 4F & 2020 42D NO,
T LEERH L, TOEEMENT LIz, DRETIZ 2020 44 A 7 BIZ 7 #HIFEIZ, 4 H 16 HIZ
SENCRAFEESVRH SN, ZHUES5 A 14 HIZ39 R T, 25 HICEETHERE o723, 2o
[f] NO, 1 7 A&ld 2019 ARIZHi LT 2-3 FRER T L TWeZ &nbhote., £, 2O X577
NO, 1 7 L&EDIKTIE 3 H 2 B b Ef S/ Emo—FRERIC S Rl Sz, AREEIDZL
L& ZHUCHED PR BHERS 2 HEH9 2 Z 3SR OFETH 0, T ik 1 5.
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PREOERR (RIGRILE, SRR, FBiE, ERRER) (28057 v Y bRy
e H B AT EEE (ACSA) (2 X 2 EBUANES 1%, 2020 4 1-3 AIZ PMas 0F DR T o 2 it
fas (SO4) LAt (NOy) OKRMEZREEKRTEZ7R Lz, B Lz o EOPEHEZDI1EH,
HEOR v 7 X7 o OFBELZ TR RRQE RO EZE LD, ZOREHLNTTH20D
IZ CMAQ Z W TCTHED v v 7 X7 AES PRHEZE L EZBE Ly (KRGS OED B % BE)
A L PR B LA UE L B ER A FE L7z (K1), SOFREDRK TICIZFEOu v 7 X
REDPEH D DR BN K E nodz. —7, NOSREDIKTICIE, HE TIEHEOYEH ERD O
BodbolobDD, 2020 FFORBHOEANRKE S FEEEL TV Z LAVRENTZ. 2020 F4ZFITR
PR 7REATH Y, NOy VR AL LIZK WIRILTH - 72 2 & DN FK & #EZR S iz,

Concentration Change by Meteorology Change by Emission
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B 1. 20204E2-3 A0 (F) Rl (S02) BEG (F) W (NOs) & () M, (i) 545
DA L DIREZA, () JHEOZIC X DREZ( B S, 2020 L —# a4 Lol H).

4. £L®
TROPOMI 28T — % % & & 12 2020 D NO, 1 7 A BDOEALEfENT L, iz, HETT MIC X
VIREOR Y7 Sy OBSERREROE R LT, FEOR v 7 520 RO REER,
FRICBRAFEES TOLAE O EZ(LEZWHE FIECEEMT INERS DL L LI, Znb
(T 9 RRBRE A& 5| SRt AT 20BN H 5.

- ZE IR
WiE, £, A&, B (2020), KKIEREEFE5EE, hitps://doi.org/10.11298/taiki.55.239




MERER S ) 500 BF
2020A0-12 — IR

FREGRBINC LD B2 KB DR AVIFE AR D J) T 20 BAEHD

BIRRFINSEIIRFIE Y 5 — A

1. BB

JUN & DU E D RN E§ 5 E 1% KE TlE, H 22 dU S BRI D 1 K A3 K T IS 2236 L2 it N3
HIEANOF | EMHENDBIZR DI E T 5, B AKESTAT DREZRAN NN L0 | LA PE IS L7
FREITEADBENC LD AKEN~MER S TOBEE SN TS, JEADFIOEREIE 1990 AERHHY ., /N
HNZRAETDEMD D20, [EAVBOFAERINEY 7T I BT T 52 L7 E DFm T b DD,
JEADIHDFEA AT = X AT 55w T2 BUED R AEAN =X M550 > TR,

JEADIADFEAATI = X LD 3BV ER RN, JEAVF 3564 3% B 1% K Rk 3 L OVKGE NEC
OFCHRBIANFEA EITONT-Z L 72| JRADMIZE AR OFER DO RFZE R ZE AL 732> TN ThH D,
A TIL, SR 7KE R DRk, 7KE I, B KE BT OB N ORI FIZ ADCP, KALE, KR
S FH AR L, R CHEEL — &0 N TR T — 2250 B0 O BB AR 5 2 & TEADBIO R A
FRABIT 2, SO, ADIOIERFEIR N, (R A2 @AW I3 28 Amlillg 7 B ek
FEREL , JE AR A REO ) SRR D & T2 B RAED D ZE TR AV D J1 T A BN T 528
®HIET D,

2. Bl - F—F0HE

0% KT R L B KT HUR OB N OUEIE bzl B
JEFRE S 2 R L KIEE R 2 6 A 16 H~9 H
15 HO =p HRRE L (K1), s 3R HEnE 7
[ALZ 4m FE DYt ] - fitdka 15 43 IR CHIE Lz, [FIRFIC
KBRS FHC LIS | 1m DKL S % 15 4y ke
THIE LT, EDN i, KR, H5yT —H#Siiftic ssese
KB ERORT-DFARNXT—T 4V E—%fE LT,

728, Fiilan AV AD YL RIEO KA OLR B
RERET DT EDMOEM A IEEI o7 | Bk
KB RGEB DRt ~ DR DRI L TE2h o7,

JEE DR A RFO KBS E DO ZA L AR T D720 JE  s2a730°
AHHANTE AT DRHERDENNT, 8 H DK ~/INE L2 5
RN R 12 RloWrm Bz I ML 7= (K1), i 8 (ML) & W LR A (1 5HL)

3. HRLEBLE

S SBIZIIT AR ALIR DO ERE /3 AT DR R FI & A SB OWEE _E 1m (2351 D KIED R R INZ X 21277,
7 AHAjE 8 A HAJIZ 30~80m (2B W THEAIRW AL X DFRNN LD, JEBIZHB W TRE AV &
Bt mEOBIVIBRIS 2 o7, 2, KIBORRIZ R TH . EAVEE B b2 K iIEE
TIEABITHR, ZOMRERORE R LB AKE R IR ESIVTODE KRGO T —40 b, 2020 4F
LAV I AE LR T2 2 e Do Tz, B 7KE JEE O AIRBIINTE 1995 4R LISk S AL TV 503,
JEADEHNFE A LIRS TR LT E TRd oz, JERADEIOFEAEAN =X LT TWRWNE DD | IEAD
OB PE & E8-1% AKGE ~O B O BERE X @ W HBIR HHZEN DI TS, £ T, 2020 0 i
NEZFH T2, 2020 FOFENGIKET, BTSSR~ 120 knOALEZFTAL, ZHVETIZe<EM
B R S 2 &> QU2 2, BRE IR M A 1T- QD CTD BLAKE RAMTLIZLZ A, 2020 FF0 B /KHE
IO KIRIE 4 A~9 A EFTRBIZBWTH 2CHEREIVIRVIREE Th 722803007z, BHE7KIED 1

33°00'00"

32°45'00"
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FE M OWR U ST AN 2D T ERBEEDOHFTE TREN TNDIENE, B0 RN 28 ISt B
HO KR 72 BRI RE RN L2 Z 81250 2020 FEOKIEMESHEB LTI-EB 261D,

2020 1% 1995 ALURETHID TEADIIDIEFAE DL o7, I AVFIT I OB T MRS e
TOTY < kI LRI AKIE O B KEOEES, BIGWRMFD /7 TOMHFIZLHEEL S e
AL CHEET DI ETRAETHERBINTND, DF0, EAVFOFIAN A > THDIEN
RBSNTETN, BEIOEEB LRV ORAELZ AR LT T — X35 DEZA72\0, LhL, A lEl O
R, EAVEOREICB O TREIOEBZAKE~DHEFENVLBELRI THLZEERLTWAEEZLND,
FER WFGEH 18 DRI DT T2 AT T v D OFRBT#E RS, B 23 5k IR oo 4 B b ¢ ket i
EREO) D LI Lo TR SHUTARIR KBRS | B4 AGE M O SR RHEI O BRI KV BT S 4L, B SRIE K
DB KB LB~ B NI D ALD T ) AEL T DWW Lo TR KD B2 K TE ~HEA LR ADIAF A
FTHZEDVITREN TS, ZOZENBEEAVBIOI LI T, BN HDOFLE B4 AGE IR T 5280
BN 72 > TNDZEN DD,

AT TIL, AT A RO PiEs O R E O LA LA BN IR 2 . 2 OFT — 20 biEB) RO & H
DOIFEZELETARDZETIEAVORAEAD =X LEHONCTHIEE BIRLIZ, LnLARRs, Hilllans
DI T EDRBBLINN TEIehoTeZl b IRAVIIZE DL DRFEA LR ol 7o) B A ER T 52
ENTEIRD ST, LDUIRND, BT T VRN &0 720D 52 LN TE | BUEE T VN TOFRAEA =K L
WZODWTHRDZENTE, A%, S EICEREZRBLINAZ Fhi§ 52 TEEEDJEADFOFAEAT =X L%
BHGZL TV FETHD,
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X 2. AL SBIZH T D (a) M ALIRIEEN B 5341 DR A & (D) E 1m 2351 5 KR DO RER S
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Pl PN NE S S R AR (PR &)
JUIN RS 1 5E T A (BTN HEEAN)
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EFRERTT VERAVWEEEEFRAYMERRET VOBE

RERT - MEEFFE LB Bx

1. HREHN

AERETIE, AIEFEEERZRIET 5 2 & A AI6eA, AAEEAORNG L YERRE BEICH
RCTE2HETTNOBELZBIET, TRICHEIAIIRHEIL. BEERREOE( A5 &2 2 33K - BN
EINCMA T, AEBROBFREZHEI LS, LEMISCFMZ D BEEA o TR Z R TORFEIC
i5nﬁf I, KOBNDL Y — ADBIICEALT 7=, INE TOREET ILTIL %ﬂ%n@ﬁ

I L= ETADBIL ICERAINTE 2, TD7=0H, ﬁ SAOFNAED & 5 AR IMEFEAERIL. £
TIVIZE T 2 EE DRIRTT R O fEHT FTREEEF D LN IS +\amﬁﬁfgam%ﬁtm91mto
COMBIZH LT, INFTCERERET LEZIR %L(Klda & Yamashiki, 2015), Al &FEE > — LA

IR L7t Z b s Lzl - BEET UV INDICAZED TE/, IBICETLICE
HAAEY 2 —LEEBEAL, THAAENICEZ2BEKEHCHEE, FBERLSICOVWT/NTIXA—R%E

L. KXETLANODRBIOEBEZIT> 7,

SMFIERBYME N ERm oA - AREBREZEL TCEFICRET 20140, REEZ L TEEY
FEERMERENTRE L. BEFRENMRKELELTDIZELNMONTWVD, ZOLIBREAGRREBIRT
3720, MAETVICREYEREEY 2 —LZ2/E L. BEMEBEYCEREERROLEZRITE S
ETIVERETILEMLDH D, £ I TRFEHET LEZRWARBOEERER BB T OEE
TUEKT B2, A)IEF—FEETILERFEHICH TN TFERMFEOEARKICET 2EmTE
O, METILOFEEZEPAATLBEET VOO N EZA TETILOEEZBIET,

2. MIRFE
FINBF ICERZ B TR IBF —HREYERRET L EBE - REET 5,
(DINEFTEDTELBAUT —REFNETILOHNDBREEREZEIC, FERFENELZ2HET
TILVERBERT ST EFRW - BERKICES /KA Ry FOBREOKEEERIET 5, ERIX
B ALEOZELRIEY 57:0, RWFICHENSNTOE—RANIORET —XDIREEIT,
Q)BBNFREBEOBRICAIS., 2020 FEFOERABTRIALRNICERY 2, 2RAZHDE
D omBET BRE)IKOEBMAHBE, BHICTERLAENT —2 &2 KT 5,

3. MRTRER

(1) 2015 F 9 A 4 H~8 HICHRELRMICLZMHEHARY F2HR L, EAREOMREZIRILL 7=,
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Effect of dust load on the cloud top ice-water partitioning over northern middle to high latitudes with CALIPSO
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Establishment of international cooperative research: changes in stratification
and material cycle in the East China Sea relate to global warming

We organized the international WESTPAC meeting and a joint cruise in 2020, and
discussed how to explore the direction of future international collaborative research.

1. The 4™ workshop of WESTPAC WG06

Due to the COVID-19 pandemic the 4" workshop of WESTPAC WG06, which
had been planned to be held in Vladivostok in summer, had to be changed to an
on-line workshop in autumn. The workshop was held with thirty experts from eight
countries (Pic.1), on 6 and 7 October, hosted by Jing Zhang, PI of WG06 “A
framework for cooperative studies in the Western Pacific Marginal Seas: Energy and
materials exchange between land and open ocean”. In subgroup meetings, reports
with viewpoints of international cooperative research were given on activities since
the previous workshop in June 2019, along with reports of some major results of the
joint cruises. Moreover, activities of other active programs/organizations in the region,
such as PICES/AP-CREAMS and CSK-2, were presented. And so was information of
UN-DOS. In the latter part of the workshop, participants had a discussion to propose a
new project in WESTPAC as an extension of this working group, related to the
UN-DECADE for Ocean Sciences (UNDOS). Jing Zhang explained the importance of
contributing to the UNDOS, detailing goals at the end of the decade. Finally, a
proposal was made for a new scientific project, “Health of AMS (Asian Marginal Seas)
— linking ocean and land” (tentative)’ a succession of WG06, and it was decided to
officially submit it.

After various discussions and three months preparation, a new WESTPAC
program entailed “Healthy, Productive and Sustainable Asian Marginal Seas:
Understanding changes in the marine environment in response to global climate
change” was submitted to WESPACT office on 15 February

Photo 1: Participants of the online workshop held on 6 and 7 October, 2020
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2. Nagasaki maru NNSS joint cruise

Nagasaki-maru NN55 Cruise was conducted in July, 2020 for researching the
anoxic water masses in the East China Sea (ECS). The continental shelf margin in the
ECS plays an important role in supplying biological resources to the sea around Japan

via the Kuroshio. Considering the
deterioration of the marine environment
and accompanying changes in the related 32°
ecosystems, it is urgent to clarify the
dynamics and formation mechanisms of
hypoxic water. Based on this research

background, samples of seawater, 5y
sediment, pore water, and isotope were
collected from the shelf edge of the ECS
in order to achieve the tasks of the
ongoing Grant-in-Aid for Scientific
Research (B) "Assessment of the effects
of global warming and stratification on Y

28°

undernutrition, hypoxia, and ecosystems
ln the OuteI‘ COI’ltlneI‘ltal Shelf Of the EaSt Figure 1: Cruise track on the NNSS cruise
China Sea".

3. Observations on the stratification in the East China Sea

During the NN55 cruise, the same level of low dissolved oxygen was observed
near the seabed as that observed on the cruise in 2019 (NN33 cruise). High turbidity
was observed over all the vicinity of the seafloor (Fig.2). By combining the results of
the chemical analyses and physical observation data, it is expected that we will be
able to clarify the origins of water masses and to quantitatively evaluate the changes
in vertical transport of oxygen and various nutrients associated with changes in
stratification structure.
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Figure 2. Section views of dissolved oxygen and transmission at the M-line
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EXPERIMENT ON SELF-EXCITED VIBRATION OF A FREE-HANGING PIPE
FOR OTEC COLD WATER PIPE APPLICATION

Ristiyanto Adiputra, Kyushu University

I. ABSTRACT

The experiment is intended to validate the developed analytical model for free hanging riser conveying fluid for Ocean
Thermal Energy Conversion (OTEC). Experiment was conducted on 14-25" December 2020. The results of the
experiments are in a video data capturing the motion of the bottom-end of the pipe while aspirating water. The data is
analyzed using Open CV. The data is corrected by Hi-passing method and anti-aliasing so that a clearer power spectrum
can be obtained. Comparing with the experimental results, some values predicted by analytical equation are close to the
analysis results, but there are also some values which are far from the prediction. This is because the amplitude of vibration
is as small as about 1 mm, so accurate frequency of vibration cannot be easily determined. For more accurate and reliable
comparison, the experiment environment will be upgraded in the future.

Il. INTRODUCTION

Demand for renewable energy has been increasing along with environmental problems in recent years, and the
momentum for utilizing OTEC (Ocean Thermal Energy Conversion), which is one of them, is also increasing. Currently,
Adiputra et al. were considering the construction of a 100 MW OTEC plant. Here, a ship-shaped power plant with a
conversion oil tanker ship was adopted. It was calculated that a flow rate of 225 m¥/s is required for stable power plant
operation. From this, it was obtained that the deep sea water intake pipe has an optimum intake speed of 3 m/s at an inner
diameter of 12 m. The deep sea water intake pipe has possibility of self-excited vibration affected by the internal flow
due to water intake. The possibility that self-excited vibration occurs when fluid is sucked in a free hanging pipe has been
studied so far, but vibration experiments targeting OTEC deep sea water intake pipes have not been actually conducted.
Thus, it is necessary to confirm whether the theory occurs as an actual phenomenon. The purpose of this study is to
confirm the actual phenomenon of self-excited vibration by experimenting with the intake pipe and compare it with the
analysis result.

I1I.EXPERIMENTAL INVERSIGATION

A medium-scale experiments were conducted using deep water tanks at Kyushu University facility. The tank is
equipped with a tow train, and a pipe can be lowered from the hole in the center. To pump the water, two pumps are used.
One is a submersible pump for fresh water Pondy (SM-625) with pump diameter of 25 mm and max head of 10 m. The
maximum discharge rate is 100 L/min. Second pump is submersible pump (SL-102) with discharge rate: 40L/min,
70L/min. The total heads are 5.5m and 2.6m respectively. Two types of pipes with different thicknesses for sucking up
water are prepared.

The experiment was carried out on pipe 1 and pipe 2 at three flow velocities. In each experiment, the behavior of the
lower end of the pipe was measured with two sets of cameras. The original videos are taken by GoPro hero5(cameral),
and GoPro hero8(camera2) with 30Hz frame rate and 4K resolution. Yellow marker that has 22x22mm is attached at
bottom of the pipe. The measurement was performed by extracting the behavior of a yellow vinyl tape.

The data is analyzed as data with Open CV and capturing the movement of the position of the center of gravity of that
area. In addition, since the vibration is basically small and only coarse data can be obtained with the normal power
spectrum, it is corrected so that a clearer power spectrum can be obtained. The details of the analysis procedure are as
follow

Step 1: OpenCV motion tracking. The OpenCV library captures A)

a time history of image coordinate system of center of a yellow
region from the video during steady state of the pumping system.

Step 2: FFT analysis. Firstly, a FFT analysis with Numpy
library for Python is carried out for the captured time history data
without a pre-processing. The time history is a digital signal, thus
it includes noises and a slow-drift motion is remarkable.

Step 3: improved FFT analysis. The around 0.05-0.1Hz is
considered vibration due to internal flow, however 0.01Hz slow-
drift phenomena is not clarified. In this experiment, we firstly aim
to take 0.1Hz, thus 0.01Hz signal is filtering at first. Then, an anti-
aliasing is also carried out to smoothen the signal. This improved  video; B) OpenCV python data.
signal is re-analyzed with corrected FFT. The vibration frequency
is picked at the maximum point of the spectrum. By repeating this procedure, the motion frequency of the pipe vibration
can be obtained for all of experiment cases.

Fig. 1 OpenCV motion tracking. A) Original
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IV. ANALYTICAL INVERSIGATION
The motion equation of the pipe is analytically predicted as equation 1 and solved via Galerkin method to find the
eigenfrequencies

_ a*\ 010% Is) 92 _
EI [1 + (a+%)§]£+ (M +m = M) g 5e— 2MU S+ {[1 = (3/2 — a)(1 + P)IMU = (M +m — M)g(L —
ow

92 a 92 a
YT F+ Sk (M +m+ M) 2S + MU (52— aU(1 = ) 50) 6(x — L) = 0 (1)
The result is shown in an Argand diagram plotting the real part and imaginary part of the natural frequencies

perpendicularly. The obtained critical velocity for pipe 1 is about 7 m/s and for pipe 2 is about 6 m/s.

V. RESULT COMPARISON
Due to limitation of head loss and pump capacity, the obtained intake velocity of the experiment is less than the

predicted critical velocity. Thus instead of comparing the critical velocity, the comparison will be focused on the motion
frequency of the pipe. The results show that the frequencies tend to decrease by increasing the seawater intake. It is
important to be noted that Hi-pass filtering and anti-aliasing are not suitable to analyze the real motion amplitude of the
pipe as it will eliminate the extremely low-frequency amplitude. However, as the comparison here only focuses on the
motion frequency, this developed method is acceptable. The pipe motion frequencies is plotted at the real frequency

component vs intake velocity graph for pipe 1and 2 at a = 0.8 and y = 0.95 as shown in Fig. 2 respectively

Real frequency versus flow (pipe-2)
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Fig. 2 OpenCV motion tracking. A) Original video; B) OpenCV python data.

VI. CONCLUSION AND FUTURE WORK
To investigate the effect of the seawater intake on the OTEC CWP, an analytical solution has been developed and

solved semi-analytically using a Galerkin method. For comparison, an experiment has been conducted to validate the
analytically predicted pipe motion frequency. As shown in Fig. 2, the developed analytical equation can be concluded to
be sufficient to predict the pipe behavior with some extends.

Compared with the experimental results, some values are close to the analysis results, but there are also some values
which are far from the prediction. This is because the amplitude of vibration is as small as about 1 mm, so accurate
frequency of vibration cannot be easily determined. Additionally, the 4m pipe used here is a self-joint pipe from 2 pieces
of 2m pipes which make the 4m pipe is not fully in straight condition.

For more accurate and reliable comparison, the experiment environment will be upgraded in the future to reach the
predicted critical velocity. Intake velocity fluctuation is supposed to be more controlled. The 4m pipes are suggested to

be made by a manufacturer to ensure the straightness of the pipe.
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