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ABSTRACT In order to investigate the material advection and diffusion driven by
submarine hydrothermal plumes, the hydrothermal convection in a submarine caldera was
studied by a numerical simulation. _

As a result of the computation, hydrothermal flow fields in the submarine caldera were
captured. It was shown that, when the temperature of the water inside the caldera was
stratified, the hydrothermal plumes developed mixing the water near the seabed and
spread horizontally at a height lower than the somma. On the other hand, without
temperature stratification inside the caldera the horizontal spreading took place at the
height of the somma. The behavior of the water at the bottom of the caldera was found
to be different depending on the locations of the hydrothermal vents. That is, the water
lower than the hydrothermal vent was hard to mix.

Although the computational results showed a tendency to equalize the density inside
the caldera in this study, a further study is needed to clarify its mechanism.

1 5

FElE, ZTOBRBERZRENSESSKRAOERTH oM, SEEOHEAISEDOEMAEL
o THRMER, FOEREZEHELDDOH S, NURBEOFERZTI WEBITHRD
RBEFDEEFHRL TR LEZION, ZHNICE REEETH S, LHLAKs, BEK
FEORBIIEHICIDADI EWHERETH S T LIEED D IR, REHLATWRWT
LW,

FBREZERT AU LDOERL LT, BETOREKEFHNHNOSNTVWS, KIEEUK
L8, HARTOEBEOKF TE/KOELDHERINTED, 300C #BX 5 BUKEHL
L Z L BDOho T3, EmBBEVKDBEICIE, BEDHEILUAWikikDKk L HHIcAS
RELEHL, ABED 1~2C OM/KICE > TREICER TN THEEILOE b IcER DL
DIEZE (FL=—) ZER LTV, BEREIEVENTEE Y FEB LW BukEHILO



119

FL—DREICIE, Buke LBICEEINAFUUKEZBICT2EYMNBENERLTE
b, BEOFBICIALEVWERHIRD, ELEEYHEEERLTHWAZ ERHIIEATY
%, BUKEHIZ X > TRET 2R, wKkPIc—BICRHEENZRIbkKERICH &
THELOBE FOMERBRIESY, ZhORELITEINITITONHEREDEY
RIEY, HEZPNRBICEEREZ 5, KBERENZEDFERZIIHERELE> THN
MEEALNEETIE, TOXIIICBUKERICK > THEINATRNDOFEIIRZL,

AR T, EHEIRINERTFER L K> TV AIFEBERICR UT, MAEIZNIE
POBEY I 2l —a v 2AVWTHFEERERZBNTT 2L 2ENE LT, BkEHic K
DEIZFECTNABENFHOBYES T 2L —a r&i79, &I, @E~IUT7F 571
MBI IEEBHILVTSOCEDT, BUKEHNHERIN TV TOTO A)VFF (Fig. 1)
EETFIVELT, AVFSHERER U BUKOBRILREBEGEICKX > THRZIB T &
FiH B

TOTO ANVTF Sk, NiRILEE
ERAVIKEE 2400m, HIVT S NEREER
M 3150m T, Fig. 2 XS, A
VTSN EZRED 2000m, FEH
1000m DFERE L E->TW53, Fiz,
BHEEE TIREKEEITERENET
KONTHOTHEDSETLTWVL
A, TOTO WIVFSHERTIHIEE I
FEICEIST—ELExkoTWVWBTE
BDah->THED, VTSI AHOEIK
BHEBEEAHBEDEEZLNT
W5, Fig. 3%, TOTO AT 51+
EOSAEF AN BT BIRE, HHE :
B, BEAZELTWVS, Fig. 1 TOTO Caldera in Southern Mariana Trough.

Temperature (C)
1.5 . 2.0 2.5

Temperature

é L ', Salinity
A -'lr""} Turbidity
1
1
& !
-3.0. i
3'034.6 34.65 347
Salinity (psu)
0 1 2
Turbidity (FTU)

Fig. 3 Vertical profiles of temperature, salinity
Fig. 2 Topography of TOTO Caldera. and turbidity in TOTO Caldera.



120

2 BUEREITE

2EHRER

ASHETIX, ZEARR L U TIEEFEM Navier-Stokes AR & T XNV F—REREH
W5, EEEICE, EETEREYFOEHAL SEHREDOEKNEHINEMN, T TIFEN
FR RN IRER Ay — )V TIRZAZ e RANE LTWAC L L, BIRORKITEH
DK TEBICHRENZ L ZEZRL, READBELZLIIRZIAVEDERELT
Boussinesq 3L {lZ AWV, %3, FETIHEDTBEELDOITMNCETEH, BEEICKS
BEECOAENEZENTH S0, RFETIIESBERERDEV,

TR projection HEIC K D ENDRT V U ARBEAZEH UTHEL,

V-v=0
ov 1
5t—+(v-V)v——Vp+§Av+F
oT 1
5 T @ IT =55,
Gr

T : temperature, F = (0, 0, @AT) : external force

Re : Reynolds Number, Pr: Prandtl Number, Gr: Grashof Number

AT

ZEFENDORMEIL

TEHABROBHELICIIESERHWS, I, FAERZEZENDBRICEDHS D
WCEHAERREHAT 3, BRAIK LT 3 XRBELRED (KK AF—L) ZFAWV3
TET, BLA/IWVABEEERFENOEEENDRERTRZRET %, TOMDZERM
WL T2 REEDLESRHAWVWS, £z, Navier-Stokes AR DK RFEDICIE
Crank-Nicolson [&fRiEZ VS, ENIDRT YV VAERIL, RIORRIRT Y THEDEI
DVWTODABERNICEL, SERTFEERAL T L TEESBETEZIT .

sHREE

SHEfAEEIE, Fig. 40X 512 TOTO A FETmESE
VTSR BLBEMEZEET — 22 H Side view
WTHBRLEBEERZEmE L, RESZ
HEL LTHET3000m RE, KEAMAI
50000m x50000m FBEDLE R L 5, &t
BRTICIE, HEDEBETAIVTIRNIC
KD Z BT REEEUKEHFICRS &
S EANEMIRE FERAT 5 (Fig. 4). 18
FEE 129 x 129 x 65 S & Lize Globalview

Fig. 4 Computational domain and grid.



121

IHASRMF - RREMA

EHEIE Table 1 DK S I 4BY DEBDTTITH, BWRIBE T, AL DBREEL L
T10C &L, BIREES, EMHEFLICBIIZ2MEH UEE w, =1.25x107%m/s &9 %,
iz, BoKBHICK > THEBINSBEQ &

Qn = HLE x (Sh x wh x HE) x 6T,

ELTEIET 5, .
WEIIIDIVT SO Fi TBUKEHREKICHES ERMHEZT TN TV 3D, BEN
IEEHALDNMBIIREE Th 5 128, —RAVEEUKTEBIE T ORI ESD 100 ~ 1000MW
BETHZLESEBICUTHAERRS, 2ENICE X, WVT IHESRKICIH> TRIR
ZEE UT2BE (Case IAIBI) &, AT T AREENICEIRZECE L7376 (Case III) I
DWTEERITo . Fz, VIHHOEKEEBIZANVTSALED TREMETICONT
0.001C/m T3 &3 HRfEREEL LT3N, Case IBIZBWTIEANVT S ADHIIH
BEZ—EL LTV,

HEEICBL T, BEUSNTIRIEEE 0, ERIIEETIRBOL AL, fdsHELRA
MHENDDES XS ICKFEFITIEIET %,

Table 1 FHEZM

Case 1A 1B II III

e 1700 MW 1700 MW 640 MW 1700 MW

PIERRE =] —E KB =]

B JECER A JECER R JECER A ERIRED
3 HEER

TIEEDHDRT K ERIHNT 78, REOBHRILEME e & f2~Y—A—L LT
NG ERICIRN ., TS IRFRENICEEREZRVKS BICHEMN1 LXBE5I1CLT,
SHEINIZFNCHR S TBHT % EMEREIIBOZNCHRT /NS Tz,
a IZBUKEHILOOEHEE A LS, BVRICBWTa=1FNN Tl a=0%25Z27,
BB LTI EEEE S KO- > THE A& IC—EDEES THENT 5 & 5 KB IKE
EHEAICS 2 7, .

Fig. 5 &, ZNZFN Case IA ~ I Ic BIF ZBTHEME o« OFHEEOVIHLEHEEE
FERDNE S 72180 2 DDFERE R L, BHILD SEH UBUKOBRILEORFIRNT
W3, VT SHAOUKOPIEHEE D RICEbL 5T, BELSEH LBRILEME o A
HIVFSICERTBEICHDH L TWB, CNREBEOSRESHN VT IO
HETEWEZRT W5 EROBRRERICIR S £ DTH 3,




122

F - BRIEE 8 OSREME TO2H% Fig. 6 IZRT, TNHDKED, HIVTFS.
RICREL TV BHRNOBFHRH S, BENHIVT S RIFBICEE S iz Case III T
BRHFEERRESH SIEA LEBEOH—ERRSNZDN, hVTFIEFFICABEIEBEN
7z Case IA ~ II TlX, BAEX D L HFEVHNLT S EMADOHKIIES T THE I S EAIC
H5b,

Fig. 7T i3IV T I EHH S HFET AR & EE LOBRIEEME a DAHERRLE
XT3, Case IA ~ [IIl WFHZBNTERTODEFTKEAAICAEEEX TLEN-
TV, FIDANT S HDIEKIBENHH RIS Case IA L IBEHNSB &, #KEE
D EREIREED Case IA DA X HIVT SNERLDOE T X © HIERWIE TKEARICEDN S D
KL, WKEENEIICKDT—ETHS Case IBDFHICIKIFIIHINVT 5 @LOE
S TIKEAMICIEDNBEENESNS, Case IB Tk, MFENAVTFSHOFHEEZDHED
BEIERT AL, AVTFINBRUOEEET—RICLEAT B,

Fig. 8 ~ Fig. 10 i&, ZNFhhIVTSADEE, BRILBME S BXU o OHESR
S7%, Case IAIBJJIIICDWTRLIZBDTH S, TNEDT 5T L Fig. 6, ThbH, A
VTS HAOYIHADMEKBEEDNRBIRETH B BEICIX, BUkT IV — LA EERADEREIC
ENFEEEZABEDORETZ T eNbh S, BODNLDFHET ST L THEDES
DR, ERELTHVTSHADBREREEN—RLTEILEEIONDN, ZD8
WK SICETERED THETAREND S,

4 F&&

BEEH VT I BT 2 BIKEHZAEE U Boiid 3 et 21TV, AT S AN
BOEBRAX X, VHOWKEERLZZLX T, MNEZHIRL, BukEHICHES ALVT
FSAHEROFNDOBERIEZ T2,

VTS AOEKOFEHBRESRICEHL 5T, BUKEHALL, SEH UBikEdmEn
ANVTICERTBEINCHHTBIRETHIRENZ, EAIVTSADEKBENHEE
BLUTWBBEDAD, BEN—EDLELDLEVET T, NFHVBIILOSEAHHE
BRIz,

BFEORBICL D, HIVTFISEMEDHREDEEICEVWVINELBZHEEMNR SN, 374
bbb, WVTFIBRESRLICBEIEE S N BEICIIRERH SFHENES L TRES
D—RIEBRSENBZDICH L, ZNUNDBETIRERE DIEWIIVT S EOFEITES
LiawWEmIcH - 7z,

VT S HOEAOHEKIBRELNREIRETH BB, Bk NV — LHRERLDHE
EIGEWHEEEDABEDSFHET ARTHIEZ SNz, THUIRDTAHLVTSADE
BREESEO—KbtEL-530EELH SN, IHIKEGTEZED THEET S HEND
%o

&!l

¥

FARZZITT BICHc D, RERAFELRWER ORI & Bz
BEOILAE2ELIC S OPERUVERORMZTAV, TTIKHEZET,

5



123

BE ik
(1] %2 fih, " PESROREER~ ) 7 FBUKEEN (k2 3h ) FERMFPALEER,” JAMSTEC &
#BHIZE, 17 (2000), pp. 73-87.

[2] Z5H ft, "FEEE~ D 75 b 5T O L i EHUKIES),” JAMSTEC ZEERTZE, 18 (2001), pp.
83-88.

[3] Kuwahara, K., ”Unsteady Flow Simulation and Its Visualization,” AIAA Paper 99-3405
(1999).

fades

0

Case II Case III
Fig. 5 A contour surface of advection-diffusion substances a.



124

[ R T T

o~

o e va 1% LR At - e

Case IA Case IB

e

e

"o Linam R Lo RN LR e g

Case 11 Case III
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Fig. 7 Stream lines start from the bottom of the caldera with shading of o in a vertical plane.
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