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Abstract

The horizontal and vertical components of current fluctuations at 105¢cm, 266¢m,
and 277 cm above the sea bed were measured every 2seconds during 25hours in
November of 1990 by electro-magnetic current meters fixed on a tripod deployed
near the continental shelf edge of 220 m depth south of Kyushu. The sea bed was
covered by silt and the more fine particles spreading tonguelikely from south-
east to northwest. It is demonstrated that the 20 minutes mean vertical velocity is
induced by horizontal current acrossing the isobath. The vertical change of 25
hours mean horizontal current can be well explained by the bottom Ekman layer
theory with vertical eddy kinematic viscosity of 0.90¢r /sec, and the bottom shear
stress is estimated to be 0.037 dyne/cid northwestward. From the along-isobath
component of 25 hours mean total shear Reynolds stress including tidal and tur-
bulent current fluctuations, the vertical eddy kinematic viscosity is estimated to
be 27cil/sec at 221.5¢m above the sea bed and 105¢r /sec at 135.5¢m. The 20 minutes
mean turbulent shear Reynolds stresses have large measurement error due to
fluctuation of vertical velocity induced by bottom topography and do not have
good correlation with vertical shear of horizontal velocity.
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Fig.1 Map showing the station (Stn. A) for 25 hours benthic current measurements
from 13:00 on November 22, 1990. Closed circles (Stns.1 to 5 in inserted map)
indicate the locations of bottom sediment sampling, and thick line the ship
track for bathymetric survey.
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Fig.2 Schematic of Tripod for benthic Fig.3 Mooring design of Tripod for
current measurements. benthic current measurements.
a: Electromagnetic current meter,
b: Acoustic releaser, c: Sinker.
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Fig.5 Distribution of Medium of particle size in PHI unit around
the benthic current measurement site.
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Fig.6a Vector stick diagram of 20 minute mean current at 105cm, 166cm,
and 277c¢m above the sea bottom. Northward current is shown by

upward line. Times of High and Low Water at Makurazaki are
shown by arrows. a) z=27Tcm ; b) z=166cm ; and c) z=105cm.
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Fig.6b Variation of 20 minute mean vertical velocity positive upward.

Times of High and Low Water at Makurazaki are shown by
arrows. a) z=27Tcm; b) z=166cm ; and c) z=105cm.
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Fig.7 Tidal current ellipses at 105cm, 166cm, and 277cm above the sea bottom.
Full line indicates the semidiurnal component, broken line the diurnal
component, and arrow the residual current. Closed circles on each el-
lipses indicate the current vector at 0:00 on November 23, 1990.

a) z=27Tcm ; b) z=166cm ; and c) z=105¢cm.
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Fig.8 Scatter diagram between observed vertical velocities (vertical axis) and upslop-
ing horizontal current perpendicular to isobath (horizontal axis). The thick line
represents the regression line determined by least square method, and broken
line the theoretical line of Eq. (1) for bathymetric gradient of 0.047. a) z=27Tcn ;
b) z=166cm ; and c) z=105cm.
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Fig.9 25hour mean current velocities at

105¢m, 166¢cm, and 277cm from the sea
bottom. The line shows the theoret-
ical hodogram estimated from bot-
tom Ekman Layer model for the
value of 0.90cr /sec, the most opti-
mum value for explaining the ob-
served current profile. a) z=277cm;
b) z=166cm ; and c¢) z=105cm.
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t 'y = Sy. — [ sy.] osm,

THb, [louid [1] NOED BEMEYE2RT,
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Fig. 10 Stick diagram of 20 minute mean turbulent Reynolds shear stress
at 105cm, 166¢m, and 277cm from the sea bottom. Upward is the direc-
tion of y-axis, positive towards upslope direction perpendicular to
isobath. a) z=27Tcm ; b) z=166cm ; and c¢) z=105¢cm.
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Fig. 10 42 z = 277cm, 166cn3s & UF 105em T 20 5 FIFRHELFHBIWI L 4 2 W X6 (5w,
S,) OEEEEE AT A v 2 ¥ 4Y 7T LTRY, MOLEHHy@AEDTE (FRRIC
B LTE 2 BHM) Thb, Fig.10 & Fig. 6 & 2 #¥ 2 L, 20 DHFHBHL 1/
VA (sn, Sy) OKE S OBMEEIIKFRELEE  TITHICL T, HhrEee
Xtk ELBAEMICHBOIIL, BkIL A VXIEHomE L[ & & o O
HEV . 20 B L A L ABRIEHOKE S0 25 BT [(su'+ sy.)lanid z =
277cn, 166cm# & UF 105en T4 4 0.60, 0.36, 0.53ctf/sec’ (lerf/sec’ 1349 1 dyne/cnf {2 X I
T2) LIBE LV, T2, 205FFEH LA 2V XSRTIES O 25 BRI P VEYME (ta,
t,) OEEEAE SEz=2TTenT 252 f & 0.47cf/sec’, z =166cmT 282 BE & 0.21crf/sec?,
B X0 z=105cnT 205 & 0.43cf/sec’ L K& ST IFHE L VAT, MERBE,OOHS
Lo TKECER D,

6. SAEIAENKEMEIRE
THAERFOEERE 2 ATERBER T, STFRHMECE5-oT, WL A/ VXD
H & B EBEOSAEREE * SAEABHERE Yy 2T,

S = vou/dz, (16)
FQMES
Sy, = vov/oz, (17)

T%+, Fig. 11 CHE,SOES 2, (i=1, 2, 3) TO205MFHRED xBsTw (i =
1,2 3) $dyEAV: (i=1,23) &, 205MHFHOHEIL A /L XIEH O x B
S TR VS sy OEREEAVTEOND 24y, = 135.5em & 221.5em (i =1, 2) T
OEFL 4 7V RIS EREDOSE S 7 — 0K 4 O 20 SEFEHEN(FH (Su/oz,
Su) Y2 E (8V/0z, Sy tVPEEZART, TIT,

St = (su +s.") /2,
sy, "= (s, +s,.%) /2,
(ou/2z)* = (Wn—w) / (zin—2z),
(ov/2z)"' = (Nim—V) / (zin—2z),

THb,

BN & [P O & A % R S EROAES 20 S TEHSRE BB R Yy BT 2. 2O
B DSE S 7 — 0 20 SRIEWE L EL L 4 2 VAT L o Tk (16) Tl
A7) RTESNDKFIBEFBIETI, vIAERPTERBEICLIHEN SV EEZRL
Twd, xBODHEDRES 7 — 020 SHTPHHEE s 26 (16) REHA WV TRD 8
EH BB IR v © 25 B RIEH L LR (z = 221.5cm) Tl 86.3crf/sec, T/ (z =135.5
cm) T 15.2af/sec & e o7ze F12, yESOHMESY T — 020 FHTFHMEE s, 5 (A7)
KA FHOTERD v O 25 BERER 2 FRE T 8.7cf/sec, FRETid—19.8cf/sec & % - 72,
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d Syz b Sxz

o : 11
- .

-0

C Syz | |d Sxz
0.1t r T

0 e R

-0

0l 0 01 01 0 04

dv/dz (1/5s) du/dz (179

Fig.11 Scatter diagram between 20 minutes means of vertical shear
of velocity and turbulent Reynolds shear stress.
a) the y-component at z=135.5cm ; b) the x-component at
z=221.5cm ; c¢) the y-component at z=221.5cm ; and d) the
x-component at z=221.5cm.

AEMEHEREARL 25 LI ZOMBENEREFET 2, SO L IBENFHET
LW ICELROSRER D O —MICHEDKFHFIHFREN b DIEEN, su & sy,
LS 205 M HEDRE Y 7 -1 LW LR LTS, 372, TV
PEWEMESH L T TEFETRRVIEBLUOWICHEGROBENS I AT T L
bETE AW L L), FHLZKE EOEHRE 2 RITEFBER CIRA LK E A8 5
BTERZLTWRWI LS FERO—DEEL LN,

25 B SPHU BT 5 SR B RS AR B (16) F721x (17) e FKEICL T

y = sz/[aU/aZ]zs}h (18)
FRALES
v =Ty./[0v/0z] su, (19)

ELTRMBDIENTED, T & T, STFHBEM % B ML LB ESOHML A /L
XN THoT, BLBUTOLI IEHZSRD,
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Tw = —[(u— [U]st) * (W"" [W]st)]zsﬂ

= Txz + txzy (20)
T,. = _[(V_ [V]zsﬂ) - (w— [W]st)]st
= 7y, + ty., (21)

ZI T by, BEIBIHIC D x, YRS TH-T, K4

Txe — — [H * W] a1 T+ [F] 25H ° [W] 25H »
Ty — — [V * W] sH [V] 25H * [W] 25H »

THbo SBTHI-BMICT & SMEMBEMIEREDIEE Table 1 127RT . #IHTICH O
x B ELRBIMT L 4 VWV XIE D L RIBENOKRE S TH LA, yHRSRFFICKRELZHNE
hoTWwh, THIFEL 2EICRLALIIE, VEWHFEWIEOHBELY b > TEEHL T
WHETH D, BEBRIO O ITERBIMICH Oy BT HEEICKELHDNEICZ> TS
itk oT, (19) XA of/o - MEREEREEIRICZ > T b, 77, #uEsTHT
A D x B EEF OB ERE 3T, (18) Xr ok n - hE MBI R
13 E8 T 27arf/sec, TR& T 105crf/sec & —fRICE LN TV AHEHEANTDH %,
Table 1 25hours mean current velocities, turbulent Reynolds shear stresses
txz and ty,, and tidal shear stresses 7., and 7y,,, measured at three
heights shown in the first column, and the total shear stresses T,,

and T,,, and vertical eddy kinematic viscosity v estimated at the
center of each measurement heights.

along-isobath component

Height u txs Txs Tx: du/oz y
cm cm/sec cf/sec? cf/sec? cf/sec? sec”! of /sec
105 —3.187 —0.176 —-1.727 —1.903 - -
135.5 —0.184 —0.758 —0.942 —0.0089 105.4
166 —3.732 —0.192 0.212 0.020 - -
221.5 —0.309 0.351 0.042 0.0016 26.6
277 —3.557 —0.426 0.490 0.064 — -

across-isobath component

Height v tye Ty Tye av/az v
m em/sec cf/sec? cf/sec? af/sec? sec”! cf/sec
105 1.529 —0.357 —13.055 —13.412 - -
135.5 —0.164 —10.735 —10.899 0.0051 —2137.1
166 1.838 0.030 —8.415 —8.385 - -
221.5 —0.067 —8.995 —9.062 0.0146 —622.1

277 3.455 —0.164 —9.574 —9.738 - -
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7. LY
BEEFBHTORRIL 4 ) VARH L IKROKESM & OxIL kB4 DHHETHANLF

g & LT, 1990 4E 11 B UM ERREM#RE O KR 220m O #h 25 D #EE | 105¢m, 166cm,

277en T 1 BR DM, ERITEE T2HBIIKTE 2R LBERT ORELB 2 HET 5 &

b, ABTKREREL . BONLEROKES M ER & TEEEER % T L T

ToOHKRER,

1) HHEBHSELOKROPRAEHEYS, YEBOKEIWETHLLEEL S, TR
FEEOSH I FIROBERADL SILFEANFROEYH L E2REL T 5,

2) 20 FRISHEREOEESHWIEMCTEB T L LI, BREMOLEL MBI
T, FFRRICERT 50 EOKFRELS & HVAHBERT,

3) 2BKEMTFHEROKE S LA E ORI FENOEAILEAE REV R LR T % 0.90cf /sec
ELAEER CERIIEVWEERZBRICBIA I/ VERBEFVTRCHHBTE, HIE
DERE Y 7 — 2 & 5K TOSYWEREIC S 2L FEH X 12 0.037 dyne/cf & BAES H 7=,

4) WEMERS LRI EEERORE I L AMERENKRE VDI, KFERED
$RIE Y 7 — D 20 5T TIME L ALIRBIMT L 4 2V XI5 & 6 R 72 SR iR BY RS AR 2R 1
BLLAEENENT EAHIBEL 2,

5) HFEKICERT A0 EORS OBRIET I BEEFNC X 2 EREES OB %
FADIIKTL, HEBICTITT AR EORS OIS ZEEEMOEELH T VTR
W EDTRENTz, BIRTEN L AKFREDSRE S 7 — DE 4 DEFEBRIFATT 5 E DK
0 25 BRI ED & RO 7 ShE MBI R B BB (z = 221.5em) T 2Taf/sec, T
/& (z=135.5cm) T 105cf/sec & RiED bz,

WKLY~ VEREET VD 6KRD 72 25 REFETFHGIC X 2 KT O BB OR & i #
B S ELL O AL E S A THIAL FIRABRAL SILAHINFRICRIB L T2 0 L3t
LTWBEHIAZE, TDZLiF, BEHHKICOWTOBEL 7 < VIERBERIC L 5
BB D AP RAFEO DAL HHATE LI LA EKRL TV A, Litll THhdukiZE s/
o TVBEEEFHBETE

BYRTIC ) (BURIE A LB L A4 2 V XIe I oF]) LAKTFREDIRE ¥ 7 — DEHEBITEAT
T B X DD DK 4 D 25 BITHMED &Ko - A HE iR kE TR0 L8 T 27cf /sec, T
J& T 105cf/sec & RFED iz, TS OSREREBHERBEOEME LRI LEb T
BEFPA (1~100c/sec) 1213 4%, HWEKI 7 < HBRBEFIL % v T 25 BEEY
HOERES A D & 1772 SAE MBI R I OfE (0.90ct/sec) ICHARTHEICKE 2EL %o
TWwa, COFEIFERAL -/ < VRGBS FHTER LV LOEERE
RELTWDEDIZAL, BHFL 4 /L XEHOEIEIC ZFENOIEEFEMS L ClEREFO
HEIFEINTVWAILIZIAbDEEDRE,

41%, BLIROSAE BT H & KM B L O ) EEEROMEB BRETIILICL S
T, FEHEMED O SAE MBI A ERA M 2 HEEAHRTHAFETH 5,
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WESRBATORML 4 2V XEH LIKROKES &L O IE %4 ORI TR F
fhed & LT, 1990 4 11 A SN REERREMIRRE O KiE 220m o) #h 2 ¥ E 105¢em, 166¢m,
277en T 1 B O, BRITER T 2HEBIOKFE 2RI LHAERT DRELE 2 HMES 5 L
i, BRTKRYRELZ, UHEBOKRIHETH ), PIKEED DM ISHRF
BOWEAD SIS NTIRORY L E2RMBE L Tz, 20 5 FH S E E DK E) 13 K
BRI HEE T TKPHAELEHC L > CFERIENE T AR ENT, 206 KfFIHE
WOKE & LHEDFESHANOEISAERBHEERE % 0.90af /sec & L 72lELT 7 <
VEREBEFNVCROHBETE, BROMED 7 — 2 & 2K TOSRIEREI 3L &
12 0.037 dyne/crf & RAES 7z, M5, HRMICFETT2MEDRTORTL 4 /L X
1 EKFFEDEE ¥ 7 — DK 4 O 25 R A & Ko - ShE Bk 4R Bd £Rg T 27
af/sec, TRET 105cf/sec & RfgEd Shrz,
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Appendix 1 Results of the CTD observation at the mooring site for near-bottom
current measurement.
Stn. Name: Stn. A
Date: Nov. 23, 1991 Time: 08:45 JST
Lat. : 31-09.47N Lon. : 130-21.17E
Depth: 220m
CTD Prs. CTD Temp. CTD Sal. Sigma-t CTD Prs. CTD Temp. CTD Sal. Sigma-t
dbar deg. C PSU kg/nf dbar deg.C PSU kg/ i
0 21.093 33.933 23.679 110 16.596 34.570 25.299
10 21.109 34.021 23.741 120 16.267 34.571 25.375
20 21.154 34.069 23.766 130 15.880 34.565 25.459
30 21.300 34.167 23.800 140 15.659 34.558 25.504
40 21.271 34.270  23.886 150 15.531 34.556 25.532
50 20.716 34.359 24.104 160 15.459 34.555 25.547
60 19.896 34.448  24.389 170 15.353 34.554 25.569
70 18.730 34.528  24.749 180 15.304 34.549 25.577
80 17.787 34.569 25.014 190 15.113 34.538 25.611
90 17.699 34.569 25.035 200 14.713 34.532 25.693
100 16.915 34.569 25.223 210 14.481 34.518 25.732
Appendix 2 Results of particle size distribution of bottom sediments.
Stn. Lat. Long. Depth Md ¢ M¢ c$ a$
N E m
1 31-09.6 130-20.4 259 2.02 2.155 1.501 0.210
2 31-10.5 130-20.4 178 1.10 1.390 1.266 0.451
3 31-10.6 130-21.7 165 0.85 0.956 0.856 0.192
4 31-09.2 130-21.7 260 2.60 2.533 1.425 0.045
5 31-09.9 130-21.0 220 2.41 2.303 1.766 0.105
Appendix 3 Range, Accuracy, and precision of electromagnetic current meter
Model ACM4M-5 manufactured by ALEC DENSHI Co., Ltd.
Component Range Accuracy Precision
Velocity — 250 cm/sec + 2% or 1cm/sec 0.12 cm/sec
Orientation - 360° + 2° 0.2 °
Inclination - 60° +1° 0.03°
Temperature -5 - 40°C + 0.056°C 0.02°C




