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Hydraulic model experiment on the circulation
in Sagami Bay (1)
—Dependency of the circulation pattern on Reynolds

and Rossby numbers in barotropic rotating model—

Hyo Sang Choo and Takashige Sugimoto
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To analize the path of the Kuroshio branch and the circulation in Sagami Bay, a series of
hydraulic model experiment were:carried out by use of a barotropic source-sink flow in a tank on
a rotating table. In the model, the bottom and coastal topography were reproduced with nearly flat
bottom and rectangular cofigurations. The volume transports and rotation rate of the turn table and
the directions of the inflow and outflow were changed.

The results indicate that the flow patterns are mostly dependent on Reynolds number (Re,
hereafter). For the regime of Re above 540, there is almost no alteration in the anticyclonically
curved path. The effect of Coriolis parameter on the current path appears only in the regime of low
Reynolds number. In the inner parts of the bay a cyclonic circulation of about 20 % in the volume
transports develops. It’s vorticity originates from the viscous boundary layer in the left-side coast
of the entrance channel looking downstream of the inflow, which turns into the eddy associated with
the coastal geometry and efficiently transffers into the inner part of the bay. Another wake is
formed in the lee side of the Oshima Island. This wake and the direction of inflow are also
influencial to the inward penetration of the loop current and the inner circulation.
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Fig.1 Schematic view of the surface circulation dur-
ing the winter season in Sagami Bay (after Uda,

1937Y).
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km)) WCHARTER T2 Z L3k, £/, 1F
Err< BORES (K" 1~10m, 72721
K, 1~10°cm®/s E{RE) Xt L T EEROWENE
DESBTHEL, £, BEMERE K & LT
1.8x10°cm?/s 5 2 120 DO AKFEFTELV 4 /S VR
(Re) #t Ren (VL/Kn ~1300, & DI L : ~45 km)
b 107 IR THAREW T Eh o MEDORIR
DT DOTEE Y — > CHEBERITTHE /NS
WweEzZohs,

—77, FARE ORI & BN b TIEET
LERBRRICERT % &, EENRERRTORKR
WelLT, FRTE, SERtEOEDY 7k
)RR E D & DBATRAIL & 2 IREERE
BHBEZEZSNE., UL, KEB—TDIEER
BT, AEOBKIFHIZIAEREDORIE L »E 2
SNV, BB, I OAEREEORIE 2 J12EH
WHPLCERT 2 A3, FAOKFET R
DEPEBIZBIT 550 F ReBOMBE LW £
HEGEECE B, 85T, SEIOERTIH,
SR FALBEOBR FE O Y 7 — L Fhicb 51
B MR B OFE 2 £ 71T > Tkl ®d, Re

FEANDNNT A =T IK G2 SBETL 72,
2.1 EXHFERRXLBR
WEEXET 2 EBEAERNE LTiE, BART
EWMNDEX D RIEC T 2HRICKELE
EEEZROERELT, KE—EDWEEHFER
Wz,
otlot+ V-V = K\ Ve —(f-K)*¢/H (1)
72720, t IR, C IAEIRE OSBRSS (¢ =
B-(VXV)), VIAKERE K.t K Z&rk
¥, SAEIRBIKEMEREL, V = 0/oxi+0/oyi, V=
lox*+ /oy, FLT Flda V4 VR A—8T
HY, EETIE f ORbDIZ22(Q2 BZEEESE DA
HE) RwS, H3RHEORRWE S, R
TIKETH 5, EBE, FERICHT 5 HER1)%
REA 2 ACTHEREL (FEBIE OIE © 45 km), FFfH
7 REWKEDFEIITE Vo, KE Ho (200 m)
THERITILL, WBE %2 Vo/L- X2 % LR
i,
oL* [ot* +(Vo/fL)o V*-V*{*
= (Kn[fL?)pV?$* — (K [fHO*$* [H*  (2)
b, ZIT* BERTALINLER, BT
BEBOER2ZRT. /> T, BMETHERTILEN
T AR
0L* [ot* + (Vo /2L ) V- V**
= (y/2QL)uV?* —(v/2QH2)N2E* [H* (3)
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Table 1 Scale ratios of the model and the values of parameters for the prototype and the

model.

Property Scale ratio Prototype Model
Horizontal length L L. =3.0x10° 45 km 15cm
Vertical length H H. =36%10° 200 m 55¢cm
Time T T: = 5.0x10° 1.5X10° sec 30 sec
Volume transport Q Q- = 6.5x10" 2.0x10" cm®/s 30 cm®/s
Velocity 14 Ve = 6.0 x10" 60 cm/s 1.0cm/s
Kinematic Viscocity K, Kur = 1.8%X107 1.8 X 10° cm?/s 0.01 cm?/s

K. Ky =26%x10° 2.6x10 cm?/s 0.01 cm?/s
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Fig.2 Domain of the hydraulic model and the general configuration. Thin lines

show bathymetry of the prototype Sagami Bay.
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WAKEE L BN TORBESHLTR N — 2R
NBE, BEFELTNVERGE, EBROX Y
F—RKer—RELTWEH=55cm, {AMAI

— 182 —

NI | -El ectronic Library Service



The Cceanographi c Soci ety of Japan (0S8J)

M DIERVTICBE Y % RERMIBTFE (1)

Table 2 Cases and parameter ranges of the model experiment.

Values given in the model

Factors

Direction of inflow % 0°

Direction of outflow a free

Revolution rate 2 (rpm) 1/2

Volume transport Q (cc/s) 1.7*
27.0

2

25°
90°

90°
135°
4

180°

3 8

2.8% 4.2* 55 83* 11.1* 14.0 20.8*
34.7* 42.0 48.6* 56.0

=25 (dt»oFEtHEIY ), Q = 2rpm T, FEIT
1.7~56 cc/s ODEFTIT o7z, FRETr— A L
5 X —% D&% Table 2 1IZ7R7T.

1. ERBER
3.1 BEANI—COPBRAB~DEEH
KEFEKE D & FHEB AT 5 BEREKRD
¥ig 3, Taira and Teramoto (1986)% B EHA
FEATRFORAEC L 2 &, FHIIHNL.8SV TH D,
0.5~4.0Sv OEFH TRENT 2, £ I TEREEKT
i3, ME Q)% IhicEdb¥ib.5cc/s (JRET
0.4Sv) ~56cc/s (3.6Sv) D10y —R &, FEK
WATEZMEE L LREDLT, 2.8, 4.2cc/s
(0.1~0.27Sv) D 3 7 — AW DWW TITW», {iiE
BT D INY — o LSBT R AN,

cc/s

17

15km
Scm

Model

0

Prototype

Fig.3 Dependence of the current path on
the flow rates for standard case.
Lines indicate the northern bound-
aries of mainstream in which the
current speed is fastest.

* 2 rpm only

standard case
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Fig.4 Distributions of current vectors for the flow rates of standard case, (a) @ = 5.5cc/s(b) @ = 14 cc/
s (c) Q = 42 cc/s. Current Vectors are estimated during 4¢ time period on each flow rate.
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Fig.5 Dependence of the current path on the revolution rates of the model (rpm) for standard case, (a)
Q =55cc/s(b) @ =14cc/s (c) Q = 42cc/s.
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Fig. 6 Schematic views of circulation pattern for each direction of the inflow and outflow, (a) ¢ = free
and @ = 25° (standard case) (b) ¢ = free and § = 0° (¢) @ = 90° and § = 25°(d) @ = 135° and 4 = 25°

(e) @ = 180° and 4 = 25°.

3.3 BERANNI—CORA - RHEHB~OKGH
KEFEKED & HHEBNATA T 5 RS RH
OFAA O L KERAKE»SWHT 20HEA
VAR D200 mMEEROEM D S 6 2#925° (L
ME% 07U THREEID ) WCREE L 7248, o 3k
FREREAENKEEKE % 1 TH 5 open bound-
ary L > T THmtiEit freeic L7z, LaL,
BSOMN T BEFSHEEB CEEL 158, W
HAEM o i3 free TREVWEEZONDIDT, E
BRCIIAY T —Rer—2D 0 = 25°, a = free
DOftiz 6 % 0° & 90°, a % 90°, 135°, 180° iZ% 2.

TH~J:, Fig.6a~e gzt =25, 0, «a
=90°, 135°, 180° Ofl% 3, 6 = 0° (Fig. 6b) T
TR O R R R #38.5cm (25.5km) T 4
= 25° (Fig. 6a) ®FE&D10.0cm (30 km) X H/h
B, ZLT, =0 0RERAOTESH S
NOIED Y T —DB/N&nizs, BIEROARRTIZ
FEL TR, —7F, KEILEOKRIEE XL
BNZIAD > T3, a OB (@ = 90° (Fig. 6¢),

135° (Fig. 6d), 180° (Fig. 6e)) 12 & 3 R. DZAkI
8, 12, 18cm T a2 5> T R. b 2
%5, a=1free DB O R 110 cm T a 28 90° &
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135° O H 5. SR OIBEOKE OIimh &
DFEHE (1) 1 a 5 free DEFAS 6 cm T, a A% 907,
135°, 180° DKFiE5.6, 5.2, 3.7cm DJHIZ/PNE L
5, a DFEALIHE D BEBO IR DE S 13 a
WEEZ 5 LR85, a= 180" OFFIZZ D5E I 23
B2 T, EROBEIANLEE RS, i,
DFFE QB IZREETEI D OFEREVEL 5, K
BItHE OB IdHEINL, 8k 5.

4. % 2=

(B8R 558 Fd O FA MR % v CREBB N O
DD NG — v BFARTAFER, ST DY —
YRFRIKEL, RENDZVENZa ) AV
TA—FIKET LI BB oNT, Fi2, B
DIFPTAHAZORERMEICIKFET 2. BOD
BECTZR S M 5 ETEBRTT & KE AR OB
(Wake) D3 & 4 TN oD/INTA—F 2L > TE
B9 3, ZhoOREBEENRIROENE
AERIETROBRPRE, 7 L THREOLTERGT
EREIEOBTEIERB O &SRS 2B g 2 T
HETH B,
4.1 HBEEORESBR(OV—TK) DehEEE,

BAEDERT/NS 4 — 9 KHEH

AR E AR DR TCL & L7z HEB)D
BEDOKE S 2K T 210, ERIT/ ST A —F
2EAT L E, K3

AL [ot* + V*.VHE*

—_ Re—lv*Zé'* — ERI/ZRO_I é*/H* (7)
¥, 2T Re i3 Reynolds#, R, iZ Rossby
#, Ev i Ekman %2 &3, ZOR(NDOA L1
FE ORI ORI, A3 & R
BRI X 2B DK, SHELHBEEERT. WE
Tiabb, MARESHEZ 5 EBHEIEAL,
& Reynolds MR O TN TH 2R D & 5 %%
Euler /XD TEMS N S,

AL* ot*+ V*-V*¥* =0 (8)

MHEB 0BE, LEEoR@)HEH I 5 DL
BEMZ X 208RO Y = DEEBIZFEAL
W Q = 14cc/s (JFREITIZ0.9Sv), Re #540L4
EpeThrEZONDE, & R BHORB)DH

NEBECHRNOBEREMHIC L > THREENBZ KT
VYR VIROF L B HS, FEEE, HBEEO LS R
THBOAKER r—VH/NE L, HifE b s,
RNPHOER TERNOTRLZENL I DT
, BABOHBHRIELZ 5, -7, XD
Re ¥540LL E OB B LTI, OB R &M (FH
BB OIE, BAT) i ¢R8) DB T TIEFER
DB OHRNGEHETE LW EEZONS,
KEEBOFERE L TH, ReHOHA0L Er o 3FHA
O 3B & e BRI ORICE L Wl E O
RE (EEOKFEY 7 —) 2L BEHEPER &
Nz, COBEEIESER TEITN, SLRIEE S
N OBEORBBERORA LAY £ THRTHY
BRI N, FBREBNLSENKEFETED 0%
i (Wake) 127 %, %72, KEILEZRIZ b FE[H
URHE 2 R DRI 41K, 9 % (Fig. 4a, b,
C). 7> TiE Re BEFOHBEB DTN D/ — 12
DL D% 2 ODEEIC & 2BREEOELE
EEINRNETHDLEEZONS,

WAL S DFWEDD L WIBE DOERIRETIZ
ANNDEDZAEIN LR T ATRET,

R&'V**—EIPRGE IH* = () 9)

LY, ZOEOBENOTRNIZE R HOBHO
RT Yyt s, EBROFBER» A2 0D
BfD Re BIZAY > — K « r—20D Ro = 60 LA
T THRGD /88 — 2 THERPEERLE O R R
L D/NEL, BRETESAL (Fig.3), it->TZ
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Fig.7 Dependence of the penetration rate (/,/B) on Reynolds number R, and angular
velocity Q in loop current. Qn, €, indicate the volume transports of model

and prototype on corresponding Reynolds number. B is the breadth of Sagami
Bay. The experimental data are located in each of the grid points.

NOBREGBEEESNLTHS E, FTEHE (K
) DREITHRADNNY —V SRS E LE
Ao b, SREOBNREAE (L/B, B:&O
8 DR &R D [Els A A~ DKM 2 T~
%728, 1/2~8rpm, 5.5~56.0 cc/s DEEE 7 — X
B LERE Fig. 7107 d. SEREOILEDOE
NIRAE X ES5.5~14 cc/s (Re $1210~540) @
Tk Q & Q O AICHKIET 545, 14cc/s KAk
TRQLQQRIZFLAEKELZW I EMNSH
5. 12120, FiE14~27cc/s (Re $540~1050)
UITFo#BET 2 3rpm LI EE 2 rpm BUF D48
BTREVEMSEKERFENIR OIS, ZhidHR
EDOLEREBRTEDFAE & T A TOHAIK (5IEH)
DEY EFRTOHBE, KEILEDOHITIEHE D
B-REBCHEATZIDTREVLEEISNS,
—77, tHEEEB OBRGE R S HE S iz KBEFEK
B O DFEHFATE D Re $131050F2 1 T Q
L Q OEALIZ & 2R DRAENEALL 2w
HEIWCEL T3,

4.2 HEBRBEDLEEBROERTT/ANF A —F~D

gt 3

BB B O LR O S PABILH OB
ESEOREICIIMEOBEPEETH S, 5
B DEERDOTRA LK DR IX$E Re # (R =

VHY) D3 EER 7 — X T5—TI0RRE T, MLz
[BRIREDEBICH 5., [>T, HMERBOFEER
8 % 5 FEEE MR D 102 em /s EIREL /2. 2
O % FAENCHRE T 2 & AKFEIRENR R K &
1.8 10° cm?/s, SOTE KGR %L K, 1 26 cm®/s O
BELLL, Larl, KFE R BOMEHKIS00 % Bk
Z % L FNETAKEEH O OB OBEF 5 S KIgH
L, B EFTHE, KEOMTIIEL WEE
OXRIE EEDOKFEY 7 —) LBRBEISERS N,
BHENPRL LFRNEDRBICE S, -oT, I
NIEER» SELAEE L, EBRERE L THT
& BRI O R P KSR OB IHE X7
SFELI-EHHELTR T, ZORETOEBEZD
THIRZVWEEZ SN S,
RICHBRENTER S 15 EREBRIRD Re BA~D
WEMEE R 28, AYVY—F - 7—RARXBITS
BRI DA OB S LR OEWNE AR
D Re BUZ & 2EAZ AT, BEDOERERTKO
EFiE (i) & KBt S ROtk %
TOFEMZFAIFER (Table 3) ic kX 2 &, BIE
DEMERIMDIRE T Re B Z 216> THZ
5. Lol, ERBRROR L MATRE L O (H
533) 13 Re BH210DEE26% T—FK E 1123,
Re Bi#3540 £ 1635 & TlRZF N FN19% B & U18%

— 187 —

NI | -El ectronic Library Service



The Cceanographi c Soci ety of Japan (0S8J)

o EH AR B

Table3 The intensity of anticlockwise circulation -in the inner part of

Sagami Bay and the penetration distance of loop current depending

on Reynolds number.

Vol. transport of

inflow <velocity)
e

Averaged vol. transport

of anticlockwise

Penetration distance
of loop current /,

circulation <velocity)

(cc/s) (cm/s)  (cc/s) (ecm/s) (cm)
210 5.5 <0.14> 1.44 <0.036> 26%* 7.4
330 8.3 <0.22> 6.3
435 1.1 <0.29 6.2
540 14.0 <0.36> 2.68 <0.068> 19%* 6.0
810 20.8  <0.54> 6.0
1050 27.0  <0.70> 6.0
1350 34.7  <0.90> 6.0
1635 42.0  <1.09>  7.70 <0.196> 18%* 5.9
1890 48.6  <1.260 6.0
2175 56.0 <1.45> 5.9

R. indicates Reynolds number (= VL/y).

Penetration distance /, was

measured from the northern end of Oshima to the northern limit of loop

current.

The asterisked values are the percentages of averaged volume

transport of anticlockwise circulation to volume transport of inflow.
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