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FHOHEEE 0.19%D 7 %115 | Arduino & SHT75IC K % ks R Bl
Measuring the relative humidity within an error of 0.1% by Arduino

R w b I
MATSUO, Ryd* ; SAKAI, Satosht

VS A - BBRETISER

!Graduate School of Human and Environmental Studies, Kyoto University

—RICAFDOHIIE L LERNTHLVWEEDODNT VDS, ZOXMRAEZEC TV AERIIITHZNEWVD T LZFHNB T
BHIT, FHEKEE & ZDOBEOTE NS TR & HFREE DB ZT TR0, &UlZE & KA O/KESE D2 iR Uz,

SE C OBIIOH T Sensiriontt.d SHT75 & WO RIEE L VY —E2 Wz, TOv Y —idHh 2 a7l THMEE
IZDW T RRE 0.03% FEE+ 1.8%. FEIME0.1%E WO IEFICEVHEZE > TWVWa, ERICHEHLFY Y TL— 3
27T o e, PIERSRE L OGRS DOV T X+ 0.05°C. HFHEEIC DOWT £ 0.1%DRNCINSD 5 T & T X S ATEEN:
MHzBEND TENDhoTz, SROBRICIT 5 KEHPOKELREDAEEHE Z ZHRICiE, K DKZES 0.1gFEE D
2B END DT e, HIHEE ORAIIREKE 1%REEICINDENE T ENEE L, O EHROSIRE &K
KR EADOBROFERICOWVTE, TOMETENZITS T LHHkED 5727205 F THEMNARBIR R 2 HE T\
Motz TOXEY—7% Arduino ZHWTES 7T — 2O —Ici U, 1 0 BICEERT 5 E WS TETERIETT - Tz,

ERE UCERLE FEAZE TR FEICEHLOSKEMES . RAHOKEKEEZWVWE WS TN yhoTz, TO
RE—HZFE LU THB L, BEOBEINCBOTIIIKDEFEBIIC K D RGDERENTVE WS KIICRE T ENT
Tl LA L, RICBVWTEEDPEMNIEDATIEH S D, FWITHEHLOSKIEME S KZEKENZ N EN S T DB
TNz, Fie, B EZMATHB EH - £ L EICHDH E L EICKIRAEDNDE, RIEFE TITKEKED AN E,
ZOHHAMAIGEN TKIRAMEE O . ROMIKELKEDEZEMED LWVWH VA VIV ERS T K, 345D
B, THUITKDIEFBEAIC K > TRIRED D UNDEZDFH N THNE T LB RLTNS,

F—U— R MR, SURAE, FHIU, Arduino, #k & 1, A
Keywords: relative humidity, tempature, measure, Arduino, Forest and City
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I O JE P T DK D [ FERY Al
Spontaneous rotation of a block of ice on a flat surface of a warm metal column

P e s IR AR I T T R 2 S Y 2
TANAKA, Masashi* ; HOHOKABE, Hirotakd ; YOSHIDA, Shiged ; NAKAJIMA, Kensuke?

PIUNRE: REABCHZENT, 2 TR REABCHAAE 7R
!Graduate School of Science, Kyushu Universifjaculty of Science, Kyushu University

BE=E
IKOERZESROMED Fic#e s &, Rt L EICHENICWD > D L LzREEZIZ U, ZNDHEHET 5T &2 ¥
R,

HEEINER

FRFZIIEDTZELE 8cm, & 16cmDEFHOMF:Z FEAVKFEICES XS IcEE, D FICER 10cm,JEE 4cm
FEE D5 KO (RIEH R TIER) ZiE< &, KO@fRE & &I HFEMCIAiEZIGD %, B AmE, &
HIZH D ZEIMZ TRV D ZD 5700, [8llE & W T IS S 2 BRI 2 72 720 CRIEEIC K HE S % BRI 75 [al iz 5] 1A
X 20MFETH S, BIRDPEBD BN, HBWIE, KD CHAED FEAZHT 3 &, EiEdEIET 5,

KEERKREDEDTANDEE

BOKEHEMER L IERidZ2 3R 0KZAWc e T4, HHRIETEN o7, L L, TOKD I EM@ LAV
BT, WL & BIOKEERERMOMICKIEMEEETNE K 51Cd 5 &, BHEAVECTE, iz, IKEERKRHOMOD
SADIRZ BN 2BI%T 2 L. KD BERNEREZITR > TV 2R & B2 8 HicAF L E G E L TRERS 2 Ehb
Mmole, IbB, KNEHZL T3 & Zid, KUBEFFEOEREATNMHTTMEWVRIRICA 2 AN O . EiREim
I LTHRERNELTWS, KOMfRZEIEE Tl Eid, SURE AN « #B) LDODIMACHRIT 5, Tnb
DT D, TOHRFOYHICIE, XTEDAEMNCEHEZREZRIZLTWE T EARBREND,

RN EEY

FAENEOIREDHE X O . FIEND BT OIRE A LOKDEIERAHEEDORICROIEOHBNH 5 Z L b oTz, &
Too HIERORD DICBBERD/NENWAT Y LADOHEZHWVS & IKOEHEFEMIZELS&E%, TNH0HENS, R
HICKOMRENBEAT T 7 AN, TOHBORBICAHMICHEETH S T LAREEND,

SHDAME

COHEEDITAT DOV TR EZHETETWVARY, O & EEEDROEFRN S, T OHEEHD OB &
LT TZ2EENEH 2, 5%, X0HlENIZERZITO., ZTOMREEEZ T, ZHMNICERZED S TET
H%,

F—T— R &, 0K, [z, BREEE, AHZEE, FFEES)
Keywords: bubble, ice, rotation, heat engine, phase change, spontaneous motion
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B8RS B RS as N OO L U — L, _ _
Regimes of solutions of an axisymmetric flow in a cylindrical tank with a rotating bottom

P TR
IGA, Keita'*

LHOORAE KU 2SI
LAORI, The University of Tokyo

HIERP 2R ORGSR RIS B D 59, HiDaFRzZ R > TORWIRNAEI L TS Wb b, TDED
IERFMEDOHNE, MEASGRNISKZ AN, EKOMBRZFEFEE S &0 5 M THMAENIEBRTEHET S eNT
5, RLABINSDHRRICOWVTREZIT>TE e, TD, XA A LZTHN 2B BICEAY & 7% 2 B PR i b2
LI B M, BRI Z2 I TR g7z AT A I KBTS 2 il DV T B R 217 5 T2,

C OO EZREL <N, TOEMRCBES 2 MMEZRM LTz, BRI 2551 OMZ#ETT 2 &,
BIAFRROB & 3 DD LY — LI bN%, DXD. (i) HOET/KTEDN, HULOMIARIELFEE & 54 oD f #E 5
B 5 NB 55 (i) EOBEHER OO ZESICEEH Uy € O BIAREEREE, & 5ISh MUl dHE) & —
TEFHIAN D 255 5 (i) JEDBIHEARDHULERDZEXUCER I Uy T DN M EBIE—E KD D 258 it g7 i i
TBLICEST, INEDLY—LMDEBBOD/INT =226 Lic, TNEZNDOLY—LIHELT, %
CICRBINCAE S B DOFRIC AN T %0 ThUE, ALEMICH L TREEVEBEZH5Z %,

/e, BRENZEFEDS B, MEEILIC TE 255, ZORBEAOEEICY vy MROSZR S, HE
LRI E B2 S, CTNEIEFERNZEDREMEZE LS ERN E XS,

F—U— B BRI, SFMEOBN, SE5YE, Boa R, 2E
Keywords: rotating flow, symmetry breaking, boundary layer, axisymmetric flow, stability
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BERKKGCM DNV F—F 350 | BT VBRI UTRUST A—RX =TT 2K E
[CDWT

Benc{\mark experiments for Venus AGCM: sensitivities to model and astronomical pa-
rameters

LA B b s kS ERH 2
YAMAMOTO, Masaru* ; TAKAHASHI, Masaak?

IUNREE, 2 REUR:

IKyushu University2University of Tokyo

Benchmark experiments and inter-comparisons of atmospheric general circulation models (AGCMs) have been conducted i
the climate and Geophysical Fluid Dynamics (GFD) communities. Recently, the AGCM inter-comparisons are extended to Venu:
and hot extrasolar planets. The ISSI inter-comparison project of Venus AGCM (Lebonnois et al. 2013) shows that there are larg
differences among the models under the same Venus-like condition, and some model parameters influence the general circulati
structures. At the present stage, in the inter-comparisons project, the wave analyses have yet to be fully conducted. For Venu
atmospheric modeling, we need to investigate sensitivity to model parameter (such as resolution), in order to understand the ni
merical properties of the AGCM and to confirm the model results. In terms of GFD, sensitivity to astronomical parameter (such
as planetary rotation) is interesting in profoundly understanding the dynamics of superrotation in a mimic slowly rotating planet,
which is represented by the base simulation in the inter-comparison. By using the widely-used benchmark, we can easily compa
with previous models. In the present study, the base simulation of the ISSI project is applied to a MIROC AGCM for checking
the validity of the Venus model, and is extend to the sensitivity experiments for model resolution (T21, T42, T63, and T106)
and planetary rotation (Venus, Titan, and Earth), in which the general circulations and waves are analyzed. In the Venus case,
the model resolution is increased, the total angular momentum of the whole atmosphere becomes larger, although the cloud-t
superrotation weakens. This indicates that the high-resolution contributes to the accumulation of the angular momentum in th
lower atmosphere. The eddy momentum and heat fluxes in the lower atmosphere are also sensitive to the horizontal resolutic
Associated with the eddy heat flux, the indirect circulation is also influenced by the resolution. In T42 and higher resolution
experiments, the high-latitude jet and polar indirect circulation are extended to the lower atmosphere. The lower-atmospheri
high-latitude jet induces large equatorward eddy angular momentum fluxes. In this presentation, we discuss the sensitivities 1
model resolution and planetary rotation, based on the transformed Euler mean and Eliassen-Palm flux analyses, which are use
even for slowly rotating planet with very small Coriolis force (although they are not widely used in atmospheric researches of
Venus).
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HARE UTe A RSKUEIC B 2 ZEEEEDOMG L BEEEOE D O OfR
Relationship between structure and replacememt of concentric eyewalls in idealized trof

ical cyclones

TEHF B b BER AT
TSUJINO, SatoKi* : TSUBOKI, Kazuhisa

& R A BROKIE BRI S 2 > 2 —
'HyARC, Nagoya University

BEZIE T LT BEEHRSITEICIE, A 5B X ZEE km DINICEEE & KIEN 2 AW FRIEH) DR A ML O EW D E
169 %. B KR EhC, T OREEZFELMHRICEEGA 5 2 &0H D, ZHRBEE (Concentric Eyewall LFFENS.
ZEEEII-EEKEINDS &, NIIOBEEND > < b EIRE L, SMIDBEENR L ICHRNCUET % &1 5 BEEDE X
D (Replacementp’tc C % (Houze et al., 2006). 201ZDH/E 155 (Bolaven)id ZHEEEDMERENTHEDE L E
1AM EHERF L TH 0, BIBREEEDE X #b b XA SN o 7z (L% « PEA, 20134 K2). 1% « FEA (2013552
EMFTKRE) T, BolavenD FMIIEEEDS ERFRIHERS &, £ EREEOMEMED R L TV S EER Uz, 51, sMilEEE
DIIBEZEC FEARTHE Z IO T W e 728, SR RIS DUV T IIEESE X b SV AIBEZE Dgh X AFHIINIC TS <, BEFLE 2
g 2 N E OFRNDIMIBEE TR TN IS, #i X TAMBEEICKER ZHE L T LICRERNT 5 T & BRE LTz,
TOEIIC, ZEBEENMERINIZELTE, XTREEOE DO 3 L3R5 T, LHEEEELEEEOBEEHD O O
MIC ED XK I BBENH 2D &I FIUIC DV TIRERICIERIH T N TV ARV, AT, 8 - FEA (2013, HARSRY:
EMTARE) I B 5 E Bolaven (2012)D I FER & W < DD DT T/RE Nz, L EBEEOME L BEEOE X fftb b
WKHEHT 3. £9, SXIEEFIEET NV E RO THAE U2 BEHEREIC B 3 2 EREOMEICET /89 A—2 X
A =T EEETITD . F LT, FFEBRCBI 3 L EREEOMEDE & BEEDE X b b OBRICDOV TN S.

AWFFETIE, £ B RAHEROKIGERZE 2 > 2 — TR S iz 3 RucdEf/122E 7)1 (CReSS; Cloud Resolving Storm
Simulator, Tsuboki and Sakakibara, 200z 7z. Terwey and Montgomery (200815% TMO08) I ¥51) % £ SREE D HIAH
(LR 2 B2 IR ERRL Uz, BURICIE, BN S > R, 115235 ¥ A U TAR S M Bl OO filset Rz R 0D 855 72 4]
Wi & L7z (TMO8 O (2,3)3R). BA1%#B3C DU T Jordan (195804 J58) T3 5 N7 B IR OSHIE 1 0T 7 — 2 & H
Wiz, IKCOERRBEEIE 2 km, SRTE S TANCIE 45872 & 0, ik FIEOSREMERE I 100 m7%Z & - 7z, FHEEE(IE 2000 km x 2000
km x 22.5 km7z & > 7. BRI 500 £ T 7o 7z, gmizkKiIZ S =2 e TEEMZ Wiz, AR TR, ZHEBEED
FEIC DWW TISRT A=K A A —TFB7%47 5 BE, TMO8 THRIE S N T35 % 2 i & TtIc, L HEBFEOREAS R O Bh#%
HIEDRHTELT 2 LARGE LTz, T OEIRDENE 217 1d B R RUE O KIEREE (R AHRE) T2k dT5LEZ 56N
%. ZT T, RNEEZZLE 235 A—% (KR & KROARZEN) 1B LT 4 DOFMEIER 211> Tz, T Zh,
SST7% 301 K, #IHADSHEIRE /AR IC I587% W =987z O > b m—)LVEER (CTL), SSTO A% 302 K i L7z9255 (S302),
SST# 302 K, J58TEIIE NI-iRE ##iE /T —hEIC 3 K BEhN & 872525k (ST302), SST# 300 K, J58THIHIE N1
7% —kEIC 1 K BEinE 729268 (ST300)& L CRlHEETTH 7=

AW TIIREEDER L UTETIVOEER 5 km I I51) 2 HEREE S NI 8hiE RO /K 072 vz, CTL, S3025
BRIIRE D Bils A00WERIIRE THEINI DL EREEE R L BEEEDBE X Hib O 21 L T\ 5. —JF, ST302Tld i Fils 250
IERIHE TE EREENME L E NIz DIHBRE b D RSN - Tz, ST300TIZZ EREERIER Lk > Tz, T
NOEETDOWT, BEEDIE /5 M OFGEZ 7z, BEEDE X b b WA 5 Nz CTL, S302T I /MIEEE D D SAE /71
DOHEENANMUEEE L [FERETH > 2. —J7, BEEOEE b O RS Nah - 7z ST302 T YMIIEEE DO fE & HSNHIEEE K
D ESMINSHEN TV D VS T EMNbh otz ShEEOMEICEHT % &, CTL, S302Tidi&E X #b H ORI $hil Ik
W< 72 0, NIEESE & SMABEE TR DR E L 725 Fz. ST302TI, YMUEEE OShiE EIX N HIEEEIC LR TIER IS TS
WHSIR & 7> 7o, STI02IC H51) % ZHBEEEOKIE IZi1EF « PEA (2013552 2fF) T/R- & iz BolavenDAid & FLI L
T D, Bolavenk [AIEIC IR /R BEEDE E b 0 WA Lo Tz, Thb OHREIEROFE R & L HEEEEONED 5,
BESEDE XD D ICIIREEDOFRE T ROEEDEFBLTVE EEZ SN 5.

F—T— R B RKUE, ZEREE, BEEOE Z DD, )7
Keywords: tropical cyclone, concentric eyewall, eyewall replacement, vortex dynamics
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HEUBIE LR OEOBIIORHEE 2O RS b

Mechanism of vortex movement in environmental vorticity gradient and its estimation

ANEEREE T R T VN
YAMADA, Kao* : IGA, Keita!

VOO RS SE T
LAORI, The University of Tokyo

KREDUEEF A2 —2 L LTHISNTWS 71w F 2 7 OHERHSHE & LT, Yamazaki and Itoh(2013% SAM(selective
absorption mechanism #2158 L7z, SAM &7 1y 2 FHEME D72 3 IR G 5 2 & TEMMFETE 5 &
WO RAAZAXLTHY, ZOAEIZWUEMHENEHTH %, RO X A Z A LIC & > T, BHHRGUE R K AUE DO E)
DWW T DOEENGKA BN TS (B Z1F Fiorino and Elsberry, 1989; Oruba et al., 208}, F7-. BREMHEEHIC K S
BN, %%%®%ﬂﬁ§@ﬁ\ﬂ@¥ﬁ\ﬁé&8®ﬂ7%—&ﬁ§ET%é&%ﬁéhfw%UMMmﬁl%&
Chan and Williams, 19875, W3 N & EUEIEIEREZ W IZBZIIcE EE > TWw5b, AT 2 JUIERBIEEES T
WEHWT LD A= R BRERICEZ T BUERSZ1T > 1o & DICIRMMEERIC X 2088 X 1 = X L&A,
BB BN EHE Uz

OB ORI RZ JNTRER, 2 DORZ B R 2R DM, WIIC R S N2 g & 2 DROUEEHIKE,
SRGEGIRIC U 5 NS T Db o le, ZNZTNOMM TG Z O O ICRNZIMESZED . T OEHIT RS
INTG R—=ZARLEME 2 R > Tz, dEA TR 552D LIRS B TEIR T 5723 TH S A, bl ER T3
b & DIMDFMN & MU T SO D3N %,

A TlE SAM DF R )57 £ DX FERAFMICEH % T LI k> TZOMEZRHME LTz, £ ORR, HEZIEi
LA & THOTEER, REBEREE ORI LB 5 C EAVREN Tz, WRNGERR TR OERE L WS A=A LZE X
% T L TIRAMFFZ DM ZRE DT 2 VBT A =R K> THEZFMI L7z, T ORIR, IMOMEIIIROMEERD 2/3F L
SRR D 1BROFUCILHIT 2 T Wb o7z, TNHEDHEE O IZBUETERATIR OB OHERLD/ ST X — 24K
2 K SRTHME D TH O, BT X=X DFDOMBENCN S 2 YRR RO, B OHEE ISR U,

F o, AT TR Z D X 5 = X LHWIRE Tl 7nh - BB R E AR & AAHRE AR O OB B R A D EDENIC
DV, MNEEHID/8T A—R7Z3Hlid % T L TERZITWV., TOEWIS 7 OFEIIFET S LZRL,

F—U—F:
Keywords: vortex

1/1



Japan Geoscience Union Meeting 2014 {./0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]'P .

Geoscience
Union

MI1S24-07 215313 FFfd:4 A 28 H 15:00-15:15

BIEENRIC KD IV F—T Ty 7 ADMHEMNERE o _
A phase-independent expression for the energy flux associated with inertia-gravity wave:s

A FHH|
AIKI, Hidenori'*

U T FERA R

1Japan Agency for Marine-Earth Science and Technology

MEER OB OZWNTIERRI N K b g, RS Z & 51, OMHZIRIC K SXTEHDOMEHED D -
K eZbT BT ezt LTWVW5, EEOWEOWEBOBWITIE. CORHENDIETNE N LELEDH S, K
RS2 BERIC & DI WA & LT, () IEOMFHZ (LWIERICEN (EFER). (i) WOMGHRDOZLDZEHNTH S
(BEVE IS K> ThE E N7 MEE T73). (i) BIHSPBUEEREROGHY . MW TY > 7)) V7 TERVED
HIFoNB, TOXIIIRMITHULT % /=8I Takaya and Nakamura (1997, 200%) [0 X ©—J{ic K % SEdHBE T 5 v
7 ZADMAIMN KRB 28z, T ORBUIKRGIEEOZKOMIL T X S HoNFEMIECETN D2, LTHAN (B A
E—IC K B3IV F—T T 7 AOA IR, (b) EMEEJIIC K2 Z3IVF—T 5w 7 AOAMAHMN R (A
79). (c) EPEEIC X B RE#HE R T Z v 7 AOAMAHMN R (RIHE) 3 EOZE TIEEDI N TR,

AW CTIBPEE W O TR FEAD 5 7 U TR EE O Lo x b F =728 L, ToFlvy
TV F—FEAOREY) & UTHiES RO XOMHMNIEH 6158 5 Nz,

BRADEEIC & & 7 > Tl ENERICEMEE A NS & N 2 72 AL U 7e Ui SR 217 o oo —hREJE L THIH
ICFRIE UT2iic, R ZaREEHE O OEUG )72 5 -2 T x i i —E OME THEIE &%, 10 HOBUER 7 21710,
85HH®D (—REID) AFw T aw FeHWT, HIHDOZxIVF—ARROHRZTT> 72, X a,cldfit KON ED
HHRIEU p o K b,diEH LWL KB GEIZEIE) ICHED < x MmO T3V F—T 5 v 7 AOFIERNIH TH
%o WL X WO D T IIVF—IMEEL TV S, TERDERBE EMHZEDTES DT, o0l IR
B (B 21 30 01F) TETINVDAF Y T g b LIBICTXIVF—T 5 v 7 AR L TZ ORI 2 L 5%
TR 5700 AL OMAHMNIREZ S LT 7VOHIRREA S TE (B2 1E 3KHETE) MRV O TFiR
VAT LIZEDFARL— g VAN TV,

F—U— R BEENE, 2xVF—T Ty 7 A, IR EE
Keywords: inertia-gravity waves, energy flux, phase dependency

n(o) traditional flux (instantaneous) (b) new flux (instantaneous)
: ‘ \ Y 'y
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(d) new flux (1-doy mean)
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,e) troditional flux (1-doy mean
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—HEILBOHRIC X BB ADEHEL T TV _
A mechanistic model of double-diffusive intrusions

B st 1
NOGUCHI, TakasHi*

U HTERREER AR L2 5ERE

!Graduate School of Engineering, Kyoto University

1. 1ZCdIC

A - SR D ERIR B 7KERME ™ 2 BUERTHRRIE. SIS LE T > TH ZHILHORICN UTANLE CTHEEINAE U, #E
WEBIZO DN THEICBANEC %2, OB AEENIATHRHZ8 U2 - 57 - EEEOHXZH-> TWa 7, Kl
DIREZHEZ% L TEEARETH S, TOEAGEBIE, MR O ~EILEHCHR (7 « > A —XHiR - IREERR) O
EEWREEAIC K OBF SN TE D, Wi “HEHIEBOHRIGEAIC X B 7KHRIC K > THERF S N A HED - IREDOHE
AR X > THREIT N T 5,

2. R

PRIEDEYIOIRICE D 2 DDIEHE T, S ZBIRRMHRT 2D 5ENTV S,

VEEL T, SIZYLBURED 1001585 > TW5, (BIETIE T, SIZIRE (BY) WY T %, )Y OEAT. ThT
NORHEIC X ZEEOMEARIIEHE LW, EATENTN—TMHE +A TDOEE->TVWBE LT3, Lich> TEEEIT
EATHELL, ST USEINIE Uk, Fiz, WIHADMLY) D RO LEHOFAORRE X, W d EHLHOTR
WCDOWTHINZE TH B T8, D H > TE (LYo ZE O BRL FT1d) @A U,

3B IaL—v 3y

RIS EENENE ATy RO 2 K57 D Boussinesdifkd 2 Kci#HB) % 77 T HEEL « 70 TREIEZ BRI ETE U TR < Bide
TIVERWT, BAEZHEEHL,

WIENCHGTERE CA U B ELIERE U CTRIROMIEZ B Uz, B UGS IEN T Wz, A ZKELT B EED
HENREEL, NEOREE 2k LTz,

AMNRENVE ZIZDOWT, JBOWERGEZILRK LTz 8 D% K allRg,

4. fHEILET IV

By 2 2 L—a Y TRLBNTZEARBOIIFNEMAHA, & ICHEDINT VA ZHfRT 5725, BNOMMAr—
VORI D8T XA =2 (LXK, BAEAT—)VO T, S/ « EF) & BRSO 2T TV 2IER T %,
[Fl—O#hEZ & D EHEE A AICEAANICE R > T3 EEZ S (K b), BOMEIZHETEFIREICRINTVWSE LT
%, JEOBES GLEEER) BRI HEANIEFICHE N E L, COBERITO T, SOBU, BOLR o . FNOKEST u
L JBOD FigE R (7 4 Y H—JED ER) TO T, SOZERHOTEREDIREEEKDT,

T ¥ H—RERIC K B ikld Sternic & % 413 AN TED T,

PEERSHRIC K B BRI R E L RV, TISDWTIRFERIC 43 FAICHDWNTEHL., SICXBHkiT/ NE VWO T
*E@‘%)O

BAWDIHREEDRIRICEH 2 228, BAMRDOHN TOT ¢ v H—ROLZE O (Kunze) X b, B AWML
EMEDESFIREEITR TN T VB EIREL TR B, TOLEDT ¢V H—OE « $hEFHIZ. WINEHIOMRE O E
NOIREEEHNTERIHT ST LN TES,

NS DOIHFRIC X Bk & BN TOKFE E DR D AVRERL T & THEEFIREETOBHNORHEN TN %,
ZFORE, WEOEB, LTV T 4 U H—DZFNCKE L ERZIT B T-DTERNARIENSETH DD, &
PERNCIFEREBUE Y R 2 L— 3 v E AR 25T,

HEE C O RF AT E IR SE 7 TFE (B) 23740354D R 2321 Tz,

F—U— R ilErE, EILBOR, KRS
Keywords: double-diffusive convection, lateral mixing
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Low-frequency internal waves in Shiozu Bay, Lake Biwa: A numerical approach
Low-frequency internal waves in Shiozu Bay, Lake Biwa: A numerical approach

AUGER, Guillaumé* ; NAGAI, Takeyosh? ; YAMAZAKI, Hidekatsu?
AUGER, Guillaumeé* ; NAGAI, Takeyosh? ; YAMAZAKI, Hidekatsu?

I Department of Civil Engineering, Ritsumeik&bepartment of Ocean Science, TUMSAT
I Department of Civil Engineering, Ritsumeik&bepartment of Ocean Science, TUMSAT

In this study, we present results from the three-dimensional unstructured numerical simulator SUNTANS, used to understan
the dynamics of the low-frequency internal wave field inside Shiozu Bay, a bay in the Northern part of Lake Biwa. Initial
conditions for a fine-scale grid were generated in using a coarse grid with measured heat fluxes and wind stress. After bein
compared against observational data, the simulation reproduced consistently the low-frequency internal wave field, (simila
frequencies and waves features). Based on the analysis of integrated potential energy and integrated dissipated energy ti
series, this study shows that the low-frequency internal wave field that enters Shiozu Bay does not either completely dissipat
or break. Moreover isotherm elevation associated to the internal the first horizontal mode and first vertical mode Kelvin wave
highlights the cyclonic rotation pattern, which is characteristic of the Kelvin wave, within the bay. This result shows that the part
of the Kelvin wave entering the bay goes in and out. Moreover the dynamic of the internal wave field within the bay displays
an peculiar process at the narrowing of the bay. At the contraction of the bay, the flow speeds up and deep isotherms deep:
further. These two processes generated turbulence by shear and strain; according to the turbulence model (Mellor and Yamac
1982) turbulent kinetic dissipation rate reached 4@V kg—', occurring during the trough phase of the internal wave field.
Additionally the occurrence of these enhanced turbulent events appears to depend on the amount of energy detained by the I
frequency internal wave. When the internal wave field was energized by the wind the turbulent events were enhanced. Suc
events could modify the long-term distribution of material in the lake.

F—"77— F: wind forcing, internal waves, contraction, strain
Keywords: wind forcing, internal waves, contraction, strain
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Anomalous wave dispersion of distant tsunamis in a coupled system between the sel
gravitating elastic Earth and ocean
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Keywords: Tsunami propagation delay, Tsunami phase velocity measurements, Tsunami waveform dispersion, Tsunami initic
phase with reversed polarity, Tsunami precursor, DART tsunami records from the 2010 Tohoku?Oki earthquake and
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On the vigor of mantle convection and stagnant lid formation in super-Earths
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Super-Earths are extra-solar terrestrial planets which have large sizes and masses (up to about ten times the Earth’s ma:
Understanding mantle convection in super-Earths is a key to clarifying their evolution, surface environment, and habitability. In
large super-Earths, the mantle depth far exceeds the thermal scale height, and adiabatic compression strongly influences suy
Earths’ mantle convection in contrast to the Earth’s one. In this paper, we present numerical models of mantle convection ir
super-Earths with high compressibility, high Rayleigh number, temperature-dependent viscosity and depth-dependent therm
expansivity.

Thermal convection of compressible infinite Prandtl number fluid is solved in a rectangular box under anelastic approximation
by the ACUTEMAN (Kameyama et al. 2005). The model of the super-Earths includes depth-dependent thermal expansivity an
density, as well as a strong temperature-dependence of viscosity. We assume the mass of the planet is ten times the Earth’s. 1
Rayleigh number defined with the viscosity at the core-mantle boundary (CMB) Ra is 1E10. A viscosity contrast r up to 1E7
arises between the CMB and the surface owing to the temperature-dependence of viscosity. The employed grid number is 10:
(horizontal) and 256 (vertical).

We identified the stagnant lid regime in the model of super-Earths. When the viscosity contrast r is larger than about 1E6
a stagnant lid of highly viscous fluid is formed along the surface. The lid hardly moves and is not involved in the convection,
as has been observed earlier for the Boussinesg model of the Earth’s mantle convection (Kameyama and Ogawa, 2000). T
lithosphere is as thick as about thirty percent of the depth of the whole mantle, and the Nusselt number is about three at r=1E
and Ra = 1E10. This value is comparable to that of the Earth’s model at the same r but at much lower Ra of 6E6 (Kameyam:
and Ogawa, 2000). The lithosphere is much thicker than has been expected earlier for super-Earths (e.g., Valencia et al. 200
and the thick lithosphere is likely to affect the possibility of plate tectonics at the surface of super-Earths. The strong effect of
adiabatic compression also affects the dynamics of hot plumes that ascend from the CMB when the temperature-dependence
the viscosity is strong: At i>~1E3, hot plumes from the CMB are strongly suppressed. They do not ascend to the surface of
the planet. The overall pattern of convective circulation in the mantle is, therefore, dominated by the cold plumes that descen
from the lithosphere to the CMB. The low efficiency of heat transport by the mild convection would strongly affect the evolution
history of super-Earths, and is likely to weaken the core convection, and thus, the magnetic field of super-Earths.

Keywords: super-Earths, mantle convection
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Heater size effect on generation of thermal plumes
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IMeisei University2 IFREE, JAMSTEC

Mantle plumes from the CMB experience a filtering effect by the endothermic phase change at the 660-km phase transition
Fluid dynamics predicts that the hot mantle plumes stagnate at and locally heat the upper-lower mantle boundary, which caus
generation of the secondary plumes in the upper mantle, and hence hotspots volcanic activities on the surface. To understand 1
effects of heater size on the plumes generation, we have experimentally investigated the behaviors of thermally buoyant plume
generated from a localized heat source (circular plate heater) using quantitative visualization techniques of temperature (TLC
and velocity (PIV) fields. Scaling laws for their ascent velocity and spacing of the plumes are experimentally determined. We
also estimate the onset time of the secondary plumes in the upper mantle which depends on local characteristics of the thern
boundary layer developing at the upper-lower mantle boundary.

F—TU—R: P)—L, IV M, FilkI12E, =5
Keywords: plume, mantle, fluid dynamics, experiment
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Waves and linear stability of magnetoconvection in a rotating cylindrical annulus
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Investigation of cell patterns on a rotating convection by ultrasonic velocity profile mea-
surements
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FUJITA, Kodai* ; TASAKA, Yuiji ! ; MURAI, Yuichi! ; OISHI, Yoshihikd ; YANAGISAWA, Takatosh?
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Rayleigh-Benard convection is the well-known topic as fundamental system in fluid dynamics. In particular, the effect of
rotating field on the convection is one of essential piece for geophysics. The influence of centrifugal force and Coriolis force on
convection pattern formation was experimentally showed by Rossby (1969). The flow structure of Rayleigh-Benard convectior
in a rotating field is described by Rayleigh number (Ra), Taylor number (Ta) and Prandtl number (Pr). Especially, it is important
to study the behavior of low Pr fluid like liquid metals, because this knowledge helps to understand the dynamics of metallic
cores in planets. In low Pr fluids, the flow regimes dramatically changes in comparison with ordinal fluid with Hfor
example, Rayleigh-Benard convections in a liquid metal layer easily take transition to turbulent state. Generally, adding rotating
field stabilizes the flow. On the other hand, flows of low Pr fluids with background rotation are expected to become oscillatory
and irregular motion near the marginal stability conditions. These characteristics of low Pr fluids, however, have not been studie
experimentally so much, because it is impossible to capture the convection patterns of liquid metal flows optically. To solve this
problem, the authors adopt Ultrasonic Velocity Profile (UVP) method to visualize convective flow of liquid metal in a rotating
field. As the data set of UVP measurement is one-dimensional velocity distribution, it is difficult to guess flow fields of convec-
tion from only a result of UVP without any criterion of translation. In this study, as preparations for liquid metal experiments,
we performed two different visualizations using optics and ultrasound on ordinal transparent fluid, water (Pr = 7), to understanc
flow field from spatio-temporal velocity distribution obtained by UVP. Optical visualization provides path line images for the
comparison. In addition, we purpose to take the knowledge about spatio-temporal velocity distribution of high Pr contrasted with
low Pr.

Experiments were performed on a rotating table. The vessel of fluid layer has a square geometry, which aspect ratio is seve
The bottom of fluid layer was heated by electrical heating and the upper surface was cooled by circulating water through flow
channel made of glass plate. Optical visualization images were obtained from a horizontal section of the fluid layer. An ultrasonic
transducer for UVP measurement was mounted horizontally on the side wall of fluid layer.

The path line showed many small round convective cells in the fluid layer, and it represented that the size of cells become
smaller as Ta takes larger. In addition, the size of cell and cell motions were also detected by spatio-temporal velocity distribu
tions acquired by UVP. For example, cells moved in certain direction and passed over measurement line of transducer. Stayir
time of cell on the line was observed and means speed of cells moving. As Ta gets larger, it was found that the speed of each c
motion became slower. The cell diameter was calculated from velocity data. When cells stay next to each other, there is 0 mm;
on cells boundaries in spatial velocity distribution at the time. We defined distances between neighboring cells on the spatial line
respectively as scales of cell size. Then we extracted all distances from spatio-temporal distribution and calculated the expect:
value of these. The expected value represents dominant cell diameter. We confirmed that the cell size on the distribution rough
corresponds to that on the path line. Thereby we obtained information of convective cell from only UVP data.

F—T— R LAY — « Xb—)Uxtif, [Blfsd, i S 2—>
Keywords: Rayleigh Benard convection, Rotating field, Flow pattern
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Roll convection in a liquid metal layer subject to a horizontal magnetic field
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Recent investigations using ultrasonic velocity profiling (UVP) on Rayleigh-Benard convection in a liquid metal layer under
horizontal magnetic field gave good understanding for typical temperature fluctuations shown in previous studies (Yanagisawa, ¢
al., 2013). For example, regime transition against variations of Rayleigh number (Ra) and Chandrasekhar number (Q), variatio
of the roll number and spontaneous, random flow reversal that consists of spontaneous transition between two modes havil
different number of rolls, mainly N = 4 and 5. This flow reversal may be due to non-integer number of stable wave number in
corresponding conditions of Ra and Q. The rolls can take only integer number even though the stable wave number determine
by flow instability is, for example, N = 4.3. In this case the dominant condition is N = 4, and it is sometime modified into N =5
due to external noise. However, N = 5 is not stable, and thus Skewed varicose instability occurs to restore N into 4. Time averag
of instantaneous N may correspond to stable wave number for the corresponding conditions.

This study aims to widen the flow regimes into larger Ra and larger Q by one order to clarify the influence of strong magnetic
field: Past studies predict that the strong magnetic field greatly modifies the critical Rayleigh number at the onset of the convec
tion. Experiments were done in Helmholtz center at Dresden-Rossendorf (HZDR) to utilize strong magnetic field generator tha
can provide quasi uniform magnetic field with 30 mT in the intensity. The test fluid layer is almost same with our previous study
(Yanagisawa, et al., 2013) and its main aspects are, 5 in aspect ratio, 40 mm in height and sandwiched between copper plates
cooling at top and heating at bottom. The obtained regime diagram shows that the fraction rule on Ra/Q determining the regime
is still almost valid in the widen region of Ra and Q. But the number of rolls is slightly modified from expectations by the rule.
Also we observed "regular” flow reversals instead of random one. This may be due to stable number of rolls larger than N = 4.E
and aspect ratio of the vessel, 5. The dominant roll number also depends on the side boundary of the vessel. Velocity profile
parallel to the roll axes clarified three dimensional motion during the regular flow reversals.
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Flow reversals in liquid metal convection by the skewed-varicose instability
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The natures of turbulence and large-scale flow pattern in the outer core are controlled by the magnetic field. It is importan
to know the basic behavior of flow in relation to the magnetic field, for understanding the flow patterns observed in real Earth
and core dynamo simulations. By recent laboratory experiments of Rayleigh-Benard convection with liquid gallium, a regime
diagram of convection patterns was established under various intensities of a uniform horizontal magnetic field for a wide squar
geometry (Yanagisawa et al. 2013, PRE). Five flow regimes are recognized; (l) fluctuating large-scale pattern without roll,
(1) weakly constrained roll with fluctuations, (l1l) continuous oscillation of roll, (IV) repetition of roll number transitions with
random reversals of the flow direction, and (V) steady 2-D rolls. In these, regime (IV) with flow reversals is the most interesting
behavior. Flow reversals have been observed so far in narrow vessels with small aspect ratio, and the proposed processes
reversals are reorientation and cessation. Experiments with liquid metal under horizontal magnetic field suggest the existence
new type of reversal, via the skewed-varicose instability.

We performed numerical simulations of magnetoconvection in a same setting as the experiment with no-slip velocity boundar
conditions. Both the Prandlt number and magnetic Prandtl number of the working fluid are set small to simulate liquid metals.
Our numerical result successfully reproduced all regimes that observed in the experiments. The process of flow reversal i
illuminated by the simulation. Axis of roll is skewed with a roll shrinking, and the number of rolls is reduced. In case the reduced
roll number structure is not fit the vessel, new small circulation grows to a roll again, and then reversed flow state is establishec
The process repeats with irregular time interval. 1t works in 3-dimensional geometry, and should play important role in various
flow systems.
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