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Laboratory Experiment of Two-layered Fluid in
a Rotating Cylindrical Container
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A right cylindrical tank with sloping bottom and top (B-effect) is filled with two-layered fluid and
is put on the rotating table. External fluid of same density as the lower-layer fluid is continuously
injected to drive the lower-layer motion which is analogous to “Sverdrup type” circulation with South-
ward Western boundary layer current. By minimizing the interfacial stress between two layers the
motion in the lower-layer deformed the shape of interface such that the upperdayer adjust itself
to the variations of the interface in terms of its direction of flow patterns. The most significant
parameter is the internal Froude numben(F)) and when F, is greater than 6 two-cellular circulation
of the upper-layer changes its direction, thereby creates a separation of Western boundary current.

The separation position moves.to the most northward when F, equals to 6.

-

ANLHE o8 HYY &F vIF Hote
Z3(primary force)€ wind stressZ 7133 397}
BRIy E3] dAdRFASZS AMEF dde]l 1
F2 o)& 1 gltiBeardsley, 1969; Kuo and Vero-
nis, 1971).

¥H FTFeLtFo o3 o)FT2E Rl 9l
£ dA4 #Ys 5 £ AN dHart, 1975
Krishnamurti and Na, 1978)2 H-E¢A o) 2%t

¥ 548 1 Yoy ol 7F $8% 8
Aozt olxgAlel AAREA T A% A&
AATANN 2AY £ &9 polzt AAWe
Fuj o} vl sl A4S 7R Rolok AR H
AAwe o] EAGE Sjoia mebd AAR 3
8foll Ekman layer7} 3Lejsjojol ghck(Hart, 1975).
B FAe ALE A% £5 Aol BAR
TFulet widistAl do oy £ETS AATA 7B
Adolnel Ao BA% os op1BE Y3
tiPedlosky, 1986).

B AT7E 199085 BaR JxfegddTle dte] 9% AAE wol £AE A4

17



18

dutd o2 FHrEe v AN wind stress
(52 curl of wind stress)?] R oy T2 F39
&g upper lidE AR upper lide} g

Ekman lavere] £% Z.2 wile] 23t R &3¢

58 o71A7ith (Beardsley, 1969; Hart, 1975).
HH olFHAY FACELEY ZBrole AER
Ao} sHERAALole] FAwotao] Hel ge 2%

o]l A upper lide] A & YREFAEF] 4
Folgt TS AT A HKrishnamurti
and Na, 1978). o123 A% A FH&ol wet ZA
we] gfo] delA|y ol ZHANE EHE upper
lido 93 TRAHE “AFEHR Yo 7 FHELT
o} upper lid®} #H & Ekman layere] flux7t ¢8-S
o]F7] 8 AHAWY Zoto] dEbFE QJulFct
waa AAHcAS Hasl @ F oe olEFRAHE
Az & F Jod 74741“44 LYzt opr|AjZ
= e 4F TL AFRAY +5E& olEF ¥

He® 2US THY F WA B

FFo FI 3FFAY EEFE ob7|AIA old wE
H34A £5E B AV Aoln

Zefoll Al 2 SdEe BE¥ENa, et
al, 1992)o A 53] & E5Fa92] wind stress®]
Hgtol FRa Gl vs Ful o] 3712
i curldgh2 104 )3 FEE L}E}bb_ Ae
Bolm Utk A T RPIAHFL HFol 7‘1-4

A Foz =Hol glo] #HFdd 7}6H11c At
o Qg FAEgo] AP g viAARZ
HH&

wj$- 7hsAde) gltka T deh 53] ALH
curlgte] ¥3e 49 & a3
hite SXads et
7}‘“"“"] I

AR G e g0

Ea°4:@w}% jolc. weld 2 Age
AR A G FFAL clgsl] §2

FHd - 3

utzo] L, ¥Eolr} H('o] =3 %7]_04 )\13},[50]
27 e AAE(ana=0.DF 2= Hwoz 74

sl3 grighel] HAFA7E 242 Hy, Hp 8 o5 #/
A (2o pL pE MY A4 Q= EHA =
ASE wAm, B 3R B 298 8

Aol BlEFAlet 2L URE ZAo FAE AEY
N stEol FUY B9, o2 AshA HAH v
oliel 427 ¥e AR ANE PG 53
#5227 B0t 3 339 BT F4e W)
ot AAde 2ol Wt g £ U4
wtyy grieh e g7JldiMe] ety
Hart(1976)¢} Pedlosky(1986)c 2j&f c}g-x} o)
EAEY.
d )
Ro__ ‘thP]+F1(P2“P1)]
dt;
= —ag—cosa + tana[ - l o, -sinf
at r g9
P,
+ J cose}+f]-‘Zli _95
or a0 ot
E 172
,_(_.2.. vZPl (1)
2
d
Ro— {VZP, +F2(P2—P1)]
dt,
L. f; oF: anov.[fl o, sin@
ot a6 r g0
P E 172
40 cosB]*—(-l-)— VP, @
or 2
Z 4 (D3 @A HAY Figse oo
Zo] Aejdrt.
Ro:——*é_ : Rossby number
QLE?
— aCI X o] A =
{=—= | 9% {3l AT HAHYY
e
Q=34 &=
L=9% 8719 w3,
Hi=2t%9 Hae4



=

Ao
ol
o

v
,=———— . Ekman number
20H/?
40?2 L2
,=————_ Internal Froude number
Ap
g— H,
QZ L‘Z
fi= . External Froude number,
g H
tan a: %, 8 ZAAEL HAKB-effect).
i=1& A&, i=2% 33
W, YEFA Fol hydrostatic, geostrophic?!

% olgg] olFAARY Foith)=
rZ
h=Re Fi H, (P,—P)+{ H ) 3)
o2 FAH, A () )& 4ZaA Hed, A

)9 A g Yexto o7 AAHY W E 28ln

zRge g o ¥aE ofn|ge} wepA
ZAA W w5}, & 33l A 9] vortex-tube compres-
sione ©E 39| stretching® oA egq Z
Z2oMd9 9x PRANL BENA gk 4 (DI}
29 FEHRRAN FatFe FAol Foe =U
soll A HAA vhFg AT BAW Ekman layer €
=A@ on metA 7 22 zindependent 3 52
7tR s 92 AstAoNA BABAASY, 29 Ek-
man-layer compatibility 222 H¥3 Hojch £%
2o =3 Ekman-layer &4 FA|&s W
$Ee 18 stk wEA 4 (D)) Ry, 1,

RF, tan o @ ‘Z:‘ o 27 2A oz 9

=N AE47) JdellA AEE & siA Fch
ofwf A (1o} £ AFFH YL cos a~19 R
Hz sl 4ERAe esedl e g%

Wahs 24 @ 4 Jee onad. 53 8% 4
ASES oANE Ml We % f%dl
ogt AARY e ¥ 4 @-2L CJ o 7%

s siof st FAlel peffect urem; 7 9% tan
ol 2719 A w8 sefo} Bk PG 4
£Ee AAR Wael A% AP Hgol F4Y
9102 fgtol e £F SAE wAd tye] Hrk

p=l

Q

o] &4 ¢

A A 19

OIERA AEIR
W7 20cm, ¥°l 260cmQ) EEkad YEe w
o} e 2e BAE e Huew whgo

o

S AeEA 29 B-effectE 2] g} ojuy
#A+& thymol blue &H(Baker, 1967)0.2 3}

S aAE AAULEE Has ] A

ofje
o o

=
A}
&
al
B35 M e all(Krishnamurti and Na, 1978)2 ghEo]
FZalole) Uxal (Ap)E Ap/p2xO0(107)EA
gk old] W& Fi~0(1)€ /AT & A €eh
23 AatE: fATey FAYE v An oiE
g g& fplaneciAg] o|FRAMUE L S8}
o AReH FUA stEFA A circular 250 4
% thymol blue &4l DS =71E Bt A
ZAAA U}’é‘}? EAG £ UAE ARE FFEF

A9 ¢S Auldgel st
gl s}%¢4 e AT AA= 50ml %AM
ANE AZT 7|HE DC-Motore} %

ESY

AXNZIe g HFZG st 2§ motord] 35114
£58 FUFe MY 7 UA=E sk 53
$9A YFS o) Ekman layerE 3l UR g
FUEEE Rl o]Fo g o] AFA W
WHe el sExE BEen ou ¥l
YA 1mm A%E Ekman layer thickness B¢}
A gk AEHFALEFS] BF2 thymol blue
golg AMEEE7) WEY FH7 0.009cms) stain-
less steel wire® HzZ TEo] HAF 1.5 voliol
o8 MriEHE wire T4 F4L8 KA /A
ghE ARY Eolol AN FvjelE o) g #HIH

EA] #AY F Atk Fig 1& 48FAE 2
Faslch

3] o]2ig ol F & A AgN 71 we ATt
285E Ae uPA olFfA AR vt ¥
FRAE FRAH A ﬁfﬂﬂu BEYo] glol ¥t
=7 dsiMe T TEE Sao mAREds

[e]

88 g B4 ashol, ol §41% 799
4% glolofdel FoS avch

o

AEdn % EE

-t
-0
olfi

of &t YFHAA TEE



20 v - HA0ed

Floating and inclined

rigid surface Py Hs
|
Interface
P2 H,

inclined bottom

! |

Rotating table

Fig. 1. Experiment apparatus and geometry for the cylindrical tank with inclined bottom and inclined nigid surface.
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Fig. 2. Flow pattern of uniform source. Rossby number Fig. 3. Flow patern of the upperlayer fluid with free
R,=379<10"° surface driven by source flow showing almost
axis-symmetricbut very weak flow.
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Fig. 4. Observed number of cells for different Rossby
and internal Froude number.
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Fig. 5. Flow pattern of the upper-layer fluid with B-sur-
face showing two closed circulation{double cells).

Fig. 6. Flow pattern showing the triple cells. one in NW-
comer with counterclockwise. the other in the
interior with clockwise. the third one at the Sou-
thern with counter-clockwise.
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Fig. 7. Separation position vs. internal Froude number
of the Western boundary flow for double-celi cir-
culation.
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Fig. 8. Flow patiern showing the separation of the Wes-
tern boundary flow at the Western wall (F,=4).
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Fig. 9. Flow pattern showing the separation of the Wes-
tesn boundary flow (Fy=10),
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