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EEAREZERZRRE T DHEE LT, 1940 SEERKEREER (K2 (XEERME
JKFEEER) W EZREHU(Fluts and Kaylor, 1959). CNE TRREDLRAKDZDIAT
[CAWSNTEz, COEERKEEER(CKDIRLABRINENMESNTEZEAHIRE.
Douglas and Mason, 1973; Uryu et al., 1974; Niino, 1978;_Ukaji,_1979;.
Niino and Misawa, 1984;_Niino 1988: Ukaji and Tamaki, 1989; Tajima et al.,
1995, 1999; Tamaki and Ukaji,_ 1995, 2003;_Yukimoto et al. 2010; Iga et
al. 2014). EELR T D/KIERDHRMES ZIEECHEIT D E(FEH UL, RET DK
EOMEEARER I IERCEGNSOERAIICK D TULVZ, TDIzsd., EH<MSKIEE
BRADRADEENGOREGZZHE I DFEORENRDBEFNTLD, FIXE. U
— S RAFEDRETO—-JZRANICEE LU CEIET DA EN DD (FIX (.

Matsuwo et al., 1976, 1977 ; Tamaki and Ukaji 1985), £z, DA SILRIF
W IREBIREZRANT., MREBEDMZIRTHICEA UK EHD (IR,
Tajima and Kawahira, 1991) , KHPITFE T IENAEN Y OONTCILDIKF
BIZEITSCET. US> aNREEZ&RH I 3FEEHD(Tajima et al.,
1998).

Hide(1969)IC LD &, BER/KERER CTEHAISND/KEDES (L, #xIFES) & IFEH
MFNEEN (CABISND. KE CTRE ULIFMIROES) (F. E(CHERLZERDFEE
(CKBDEDTHD. LML, BE/KIEREROKEDENZF LU <EHRIT D&, ARAM
IMEEARRZERENDTIFR<., BRTEIFHWREZRE TETRNKSRNUDIRNK
OB EHRET D, COXDBEMARBREREIZIHTC. BRELTVDIETDEH
ZTESN(CIEMR - DRI DEHICE. KEZEDERSZZ IEFHEICAEL., 2D
BN Z LB CE DN EL/RD, DFED. CNFETOFELIDEES(CHE -
ZRNSFHRECEBSZRAET D L. ENZRVWCETFEORFEN KD SN
Do

T TAMFRCTIE. EERKEEER THRE T DIETCOKERADES) ZFEEM (CIEAF T
EDRMFLEZIRRIDCEZEN ET D, ITFEORIZERINORENIRFER(CKD.
JEHEAL CIEMEN DEAHMEE (OREHPREZDFTHANMTA DR D(CIRD Iz, I@HVT
B, MNICED TIBENT DA FOES) Z ERE T I DAL FESTORAEE
(Particle Image Velocimetry;PIV) (. #ZfioE EAEREFZUWFEED—DTdH
Do PIVIEBE KL ZI0FDEEDHDEAMTH D IEEFEDPIVT (IR CHEAAE DR
ENMzRKBECE3ENagEERofz. DFED. COPIVZELIERKIEEER(CAU
NE. CNETHREINTESEAEFECLEART, KDIFRH - ZZRNICERRGRE TK
HERDEHZTFE2LTDCENTED, Flo. BEUMEEALTTERDSIEE
DEENREEFECIE. BEHITRILF—DBEENENRFBNFTECRDIEEZS
N3, Fudeyasu et al. (2010)(3. #HEXR CTHBR=NICERDBBEEZ. X
EE) E IR TRERN C O L. 5 (CRER (C DA% U ICIEERXT FRpk 72 (DR SiEEE)
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2. RERTT kK

2.1 TRIRKE. 5652 20 CRERERZ IR I DREVPIVICDOWTHEBNT D, T
UCEE2.380 T, KRAFRTITO CODIRBFIRE ., A TR T DERIREEZ R
ER

2.1. REDOHIE

AAFROEEKERER(E. #REZAZF(CGERESNEZENKEREZRND (KX
2.1) (K2.2) (K2.3) . $plI#EC LT RYYTUZTZBUVZRENED
EHEBDREIDFHAES DD D & 2DDEEMAETH D, 2DDLEFEED S5,
REIDOMET(IERBRKEBZRBE S E T, IMUDAETIRRECHEANDASRESRZ
HEBELUCOESED, COBERMREEZENTNHIZUCRESEBDCENTED
&, HREKEERULBEREZIT TR, BRDJIEERREN SRS - sTAIMTX
D, TOMEEZAVWNE, RAIME O Z EoHT (CRERZHIT T, SMIBELZITZ
FIESECEHRAIRR DR PRI E T D EEREETH D,

KIEE=ELRD>TLWT, —BERAIDOKE (RAIKE) (FFHR20mmofiE. R (E
ERfE) &—FJ/IME (OMERE) (XU TRIDKEE(CIRD> TV (K2.3) . EEEDY
> DHEFEABDIEE66mMmM. MIFEEZ27mmTH D, ZOBIE4mMmMOESEFD
FOUIIROEETHT)> TS (5T UVEEREDIBIRIE. Tajima and
Nakamura, 2005) . MURB(CIFBMRE Y — X FREST EM THNRESNTL)
T. KEFERS RN SEBREZHOSEECEEHIHTRD D, —H. RAREIC(ITE
SEKEEREE (Y15 v IHRCH-402BF) (CKDEBRFM(CETTHENUAKN, M
BED[OléEREh R %8 D CRAREICRILAD K S (CR> TWLVB,

(a) o (b) L
F2.1: TENKERBRREDEE, (a)XEER
DEE, (b)EBKEEZDLEDFELZHAS,
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ROFIAX-— 3> DOHWEEDBEZERIDE. 21V MNMEBO—ETETSANY
«F20.8mms 1DFEE £33,

2.3. EERFIR & REREE

KERFIEZHAT D, FTHHIC, REFMADREEICENDET. AAKE LIMIEBD
mEEZ DD, REEEEITDABERENERSEDRE (CR>EZ &a2MR U
&, EBRIBIOKBKZEE UTTKEETAKT D, COXRBRIBETOERTHELE
PAST k-

KB Bemz. RERMIaDIHE &9 D, RBIREDRELREZ. KERST
DREMEETHH TRESED, XED 7Y T (fHE#F1)(F. BRES~1001EE
ZBUIZ, TD®R., W15~30DEEHERT D. TNULOKE TRERZ R L THE.
FERCARSREANIEN DT EZER L TULD . CNFTHRAREERFIEZEK L T
WBH AAKRT(E. KO D R ED» DA (CH—UT.

AR TIE. EEREZHFEZZZ400EU L DERZITDO TN, ZOHTH. FHH
M7R3 DDEERKIERERFER (FR2.1)ZHVT. BTAEOENMEZIRIET D, Ehkl
(IEERFEDACE(E20mm. [EEREE(36.0rpm. YMEKE35.0°C & ARIES.0°CIC LT=
mEAE30.0CTHD. EKER2(IKFE40mm, EERERE4S.Orpm. BEZE15.0C, =B
3(3/KE80mm. [OIEREES.0rpm. JBEEZ20.0CTH D, EER1(E. BREREEAR
TERDNREUCERTHD. EiR2(d. BRTHEEARZTERNEELTLVRWE
R CEDERMTHD. EERIIFMIREN A TR, WU DIRRAZDEEI A ER A
SNEERTH D,
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BEDOT (BlX(LFowlis and Hide, 1965) (CKD., EERSTFEDOERTE/ (S A—
OS5, EDVNOTKEEEBNFRELTLDH, BREERTEESHRELS—LF1T
DS LAMMERETNTWND, KAR TRBN T D3DDREOEARTHEER2.1THD, X
BRERF AP (1988) THH INTWBLS—ALAGFAT7ISALAERIEDITBDE. 3D
DEEREEEERBFER(CAIBE T D, CNiF. EER1DAHEEMN T, HER2E3(F—H
L2 UHNL. 400 EDERERFEREZEIB L f254E (2012) (F. EEREBDKE
MRS RBICONTL S =LA TISLAE—BHURLKRBIZEMNMERL TS,
MDA400[EDEEER & BEDIATR EDLLE (L. RETHICEIBUIZHIR THELU BN T B,

R2.1: EERERTEDOME

Ol ¥R KEE KiE TA45—8 RREF—H
(rpm) (°C) (mm)
=Ex1 6.0 30.0 20 79083229 0.76
EE&R2 4.0 15.0 40 27871868 0.77
EE&3 8.0 20.0 80 17039926 1.43
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F3.18TE. BERKERROKEOES S A FEEREAEEZZANTELRT 5. TDELEL
JZESSH S, MEAENBEDODMZRT . $£3.28 C(EHRESTRILF—(CKDEGEZR
TU. TDIREEZIT D,

3.1 Z=h - KED1

M3.1(% KEERCRETEERS B THRF UERRENASORERBROBEER THD. 7L
MANB<BRDOTVWT, TNTNDOERBR THELE I SIKEEBOHKRFZESITND, PIVEIZIT
STEICKD, CHEENSKEEHOES ZIEET D ENTED.

X3.2&X3.3&K3.4(3. 3. 1DEHEHNSESNIKEIDEHNT ML, REST. HEESD
W THD. HBEDER (L. PIVERIT CESNIERTFIROFEES DN SEH Ulc, RER1DHE
BT, EERBIANSAE > 77w THIRIZEZ42087%, BEMEERZERIFREL TLD (K
3.2a&KX3.3a). AARTI(E. COLEICDRA>EEREMRBZS TY hEMER, 21T Wv DR
EOAREE(F. BADEZESTHEEZE6.0mms 1 THoE, v MILEDSE3EDIETELT
HD. CORFREIERIPEP TEEFEDSRMN DI, HEMBEBR CTHDE. IBITITDZTY
NOERDOAREITIE. YMUITEDOEMNBE DM ERD(K3.4a). CNSOEERHARIHROB)EZ (Fi%3
(CBELTL\B,

T, BERBENARDIIDO TN EER T, HRMEEERUTRTSNEZS T Y MOERE T
9 3. BERBGRLD. FE=(ENMEEH—ELN)/ CxEERE)THD. KOBE (FBERIER
(CERBSNTNIED. ROBAB(GKIEIBORBINS30mm. #KB20CE L, D&, RE
BEE(F=0.0046ms 1 & 723 . BUAKE(6.0mms 1) EEEAR TR NE VN, ZYMERNESN
TWBZ ENHh oz,

X3.5(F. EERERfHE KEEIRORAINS22-44mm) TEHE U BEDMORIZ{L %
RUTERIAS—ETH 3D, EEREIAH SHIB008ETORE > 7w THIRIHIE /) A THAEL

W, Z0#%. EEAOEMBEFNRAEC K BATRELCTONRZENERTES. TV hD
WATICHISUTZIE S BOEMBE . /KIEDRERAEEE URFETEID (CEDD TS, 1EIICH
2007 E L. ZDMEOEIRE (FEERIRIPEEFE—ELO>E. COFETOMHAZEZDE.
RABDBENERE (F1.7mms 1 &3, Tnid. KERE (FH89(20.5~4.0mms 1) DB LEH
DORETH DD, SR TTFUESNIEERRERDAAGERE EBENENZ D,

EER2(3. FAREESN S U (K3.2b). REDMIIEBREOTRMENSHAITAE L, (FERD

Motz L TULB(E3.3b). EEDRAFHS.0mms 1 TH D, HBERE. E81EHEART
PIHT/NEVV(X3.4b),

EER3(S, R ECRHBEEHRBTETDILDR. WUDREICIEITLUIZS T Y MIREL TS
(K3.2c&3.3¢). v MNHDEE (EHI3.0mms L, HEIERESE> Ty MNIORAITIE. SMIT
BORMBED EIED TULD(K3.4c). EERHAET. BBRGSHKSRZRDOLSAT T Y bDE
TR SN DT,

(@) (b)
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Abstract

The purpose of this study is to construct a method which quantitatively
detects the features of baroclinic waves observed in the experiments with a
differentially heated rotating fluid annulus. Using the high-interval video
frames recorded by a highly sensitive camera located over the annular
tank, the Particle Image Velocimetry (PIV) provides the high-resolution
digital data to capture the surface flow pattern in the experiments. The
numeric data provided by the PIV is used to calculate the kinetic energy,
and then divide into the annual mean of kinetic energy (MKE) from axi-
symmetric flow and eddy kinetic energy (EKE) from asymmetric flow.
Furthermore, the each wave-number component of EKE is estimated from
the each wave-number component in the asymmetric flow.

In order to validate the method, we apply the method to the results from
three experiments. From the result of experiment in which the symmetric-
flow pattern is distinct, the analysis showed that MKE is dominant. On the
other hand, in the case of a steady-baroclinic-waves flow, the particular
wave-number EKE is dominant and the side-band-component EKE is
neglected. In the case of the non-steady flow pattern, the side-band-
component EKE is comparable to the particular wave-number EKE. Namely
the multiple wave-number flow patterns are overlapped. It is expected that
the method developed in this study could provide new and useful insights
into the experiments with a differentially heated rotating fluid annulus.
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