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Fig.2 (a) Time-development of temperature, 7(Z, f) and turbu-
lence field, &, in the (2—#) plane (Case-5, P.r=61.54,
7=0.01). Solid and dotted lines represent contour
maps for 7 and ¢, respectively, and their intervals are
AT=1.0 and AF=0.5, respectively.
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Fig.2 (b) Contour map of salinity concentration S(Z, £ for Case-
5 (P.r=61.54, t=0.01). Contour interval is 45=2.0.
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Fig.3 (a) Time-development of (2 #) and ¢(Z,§) for Case-6
(Per=19.02, 7=0.01). Intervals are AT=2.0 and
AF=1.0.
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Fig.3(b) Time-development of S(z, f) for Case-6 (P.r=19.02, T
=0.01). 45=2.0.
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Fig.5 Comparison of analytical solutions for temperature, salinity concentration and specific
buoyancy with experimental data (Case-6).

BRI KRE W EMTRENS., Fi, P DKER
Case-5 DF THHEHESX L2 WQMBRAIOMEN LVIE
RHIZfThNnTWa.

FHMrR5 70z, kK% Fig.4 127”9, Figd (a)
T, WHRE LR ORERBAICH T Rayleigh-
Taylor Instability 2Bl FEEL, FULREES
R EN TS (Figd (a) OXH (A) TH - 728#&87).
FrLLER S W ZEROMREIELLT E DO T/han
fe, AP=1REOCFEGHER TR ZTIERRT
HENTEZND. LIL, SREBORERBRTEN
07> 5 2HBECE TCREUCHENT 5 2 & 2 BUERIZ
WRESELTHY, REFNTL-> TEEFREDL SR HE
~NOBITPEBNICEERINTVEEDEELZ NS,
Fig4 (b) T, dRBHOANEEZSEASLEEF
0 LITFIT/s o 12 B R TR ICBHE N TR B PRl & 3 2 858
PHERINTS (Figd (b) OXREM (B) TH- 12
Hr). WHRBORERICEVWTLBERIIBVWTLE
BB, SLRBIC,r 0 REaBANRoNS. RS, B

ARICHBVTRIARBOE S F—ZICHk Lo iE
FFROBEEKE <25 b FOER A 20812 (B
sh, BT ANVF-DRBELTH5.

PEo &y B0 o B TEERBE ORBRE £ 5
HF3 L 3BEFRTRETHY, ELIRETNVETOKRE
BREBETHD. KL, SRBORERBMERDO LI LA
BoBMELE LB BAORERBOEE, ZhiC
EH 2 S ELEBE OB & 3R OFERNFHE TIE
HOEREEZS.

9. BE - -BREOHRESHICETS
EREEOHE
K| T(z, 5, EHBESE D BLUOESENAT
(2, H—8(z, D) DHEHHEIZONT, KEHME (H)
LEE L OEBRME (S &EOE% Figs cfIRd 5.
BN (BBH2VWIEOHNEN) Z2IELERBLTWVA. fh
DI —ADVTHLAROKBREF/THY, RIEHRER
ENEBNICLEFILBRINTVHS LY TE 5.

L

22



kLS No. 443/ 11-18, pp.17~26, 1992.2

1 150 158
z : 7 » 3 N
t= 974.8 T= orae t= 97d.8
100 f- g2 :So0lid Lines L. r=5 I 100 -
qf 'Zg]tted Lines - i2 : Solid Lines
: 7/ W2 : Dotted Lines
/@@ : Chain Lines
) . iﬁe
. = /= L Il 1 1 TR
e ¢ " DA i) -0 T 0 W
4§ S @ L o
20 30 2.00-2 ~1.@°-2 [} 1.0°2 2.00-2
150 ~ 150 15@(
3 F3 . Z
t= w00 = 2600 t= om0
168 |- 100 [~ 109 |-
50
. o TESE &
) VeIV a] 1
20 [ -2.0%-2
156 150 [-
z - b3 o
L T= amas T= as74.8
wo
4 [ [ 1 3 2 ~
L -y 7 W,/ 2 =28 gl i J%.a wo
1 1 — 2 Jwef@ ! -
) 12 20 0 -2.0%-2 -1.00-2 ° 1.0°-2 2.0°-2

Fig.6 Vertical profiles of turbulent
intensity 4°, and length scale
1 and

V.

Fig.7 Horizontal and vertical compo-
nents of turbulent intensity, y/ #*
@, and their ratio v #/

Fig.8 Turbulent buoyancy fluxes due to
Lieat and_salinity concentration,
wd and wo.

10. EREEROMEREES

EEBROITERE IR L, £ OMMEENT 5.
(1) EAAFRBEFBLTBXT—11 (Fig.6)

EAHRBE @ BAT—NVIEbELORTEBOTIFE
TRAEZE0, BERAE CEEDLD NI LS,
# (12) SRR (37) (320 R (16)) OEA
DRI E-TESRE2ND IRV Frvr— FVY VK
(¢, ¢) OBEETHHY, hizk-> TEEEREIC
EBENAT - NVORBHRFIERINTVS, L1z
BoT, RFBOHE 6T EBOMHBBIC>VWTH IR
BNAr—NOSHREEEBEANICERL VS EEX
5hB.

A (41) FVEWLVA /NVAKERLEBE T WL
Case-5 & 6 I LTH B EE Rt=0~2000 & FH T4
L, B IR REICEBE S LT WA &Y
bh b, 2L, NBRETIREHSBEHFETH Y, B
HELR 2 ETHERINDS Rt OBE & EEHRE T & T
B EICEHEBEs AL,

(2) K- REHALNEE VE, VI 5L UES
FEE Vit /i@ (Fig.7)

Vg & it 2oV T I ¢ &R & -

AN DOEEFME VP /V# SHFEBHT 9K
%<, WREABOANEE 2 EHIICBRLT VAL
W B, L Lanb, FRERBEORNEAR (38)
(B2 VIR (17) I & - TIEEHHED LRE 77/
VEB=2.52 BEBHHNT VB 1®, LHORRENT
i VP /@ DETEORENTEERL TV S, RS
N EELRERIBI A N, S0 kS BERSEERE
EEDEBEREALOPERIET AL I TE RV, FE
SHMED LS I TEROEGRIZE, 550k
PSR R M s BRI &, SRR ERE S
HPHESARBELRTV. FORKTIITHRET S
£ 1B RRBITH U ViR /@ % ELRTE TR
DEBETHIEEBUI T AHEREETEI LB LN .
v, ZRERICEZS L, EREOFIIBVWTIEERMYZ
KT THIEO B S K & O CEAEEROF B E
VB XhZEEEESE L. WRETBZRPIIECT, &

]

23



ELUSEHE € 7N & 5 BB TES OELIRIERYT E K - PLATE

158 - 150 r
Z Z .
1= o748
10 b /82 : Solid Lines gy |
/52 : Dotted Lines
3
o 3.04
58
T= 2c00
1_ 1
0.0z ©0.04
a0
T= asta.g
4] - o 6]
- - 1.0 5.62 .24
v 82(x1), /52(x0.01) ELl

Fig.9 Temperature fluctnation, + &, salinity concentration
fluctuation, 4/ and correlation between them, 6o .

150 [
~ t= 97d.8
z
P-Profile gr-Profile
100 F
.
ﬁ—wt
e
L 1 [l L 53 L 1 ] ]
) 2.0 3 2.0 1.0
&, @
150
. f= 26ea
z
d-Profile G-Profile

2.0
&, @

Fig.10 Richardson numbers with respect to temperature field,
¢, and salinity concentration field, ¢.

OREDEHGEE CALRICBR IR 2ONRHEL 2
BoEAEEKET NV ERBIRT ANENELHLEZHN
%. .
(3) BESIVBREOILRINIS I X wd, we
(Fig.8)

HRIENNIIAREREOR D7 I v o A% b6
U, BLEEEERT 2 (KPR OERIT(LICE W T IER
TOLBIFNT7I9 7 2AN1.0&2%). EEITHT L
EERRT T v 7 RAIZHY AN TFRIEBROEIE T KE <
Y, BIZEBRE T T v 7 23S T B, —F, BB
SFEEIC &> CEHOERF RSB WICHEIND
tzdh, BDT7 I v AkLD, BEERBEIZB VTN
By E b e EsEAST 5. chid, R (30) o
ki BVWTHERBINTVWSE EHIZ, RATCOREES
EAERPKELBBHEHET T v 7 AV L, BT
EEED /2 0 OIS &S TFHEEBENSES £ 512
2556 THE. ZOLI AR, ERIIBOVDTLE
HRICTEB A PEEE TV S, [(BLFESXE), (K
Bl E)] ol%® H 519 Nusselt Number

Nug=—[Pog- WONGT/BE)] cv+eervvererrmvrmmsrinnenns (44)
Nius=— [Pus* 00 /BS/BF)] -++-vvrerveremsvmrenennnns (45)

1 Figs DFE T, SOHBEHT & Fig.8 » HEFEX
N, THHITE->T FEROWEBT AT 5 I EMBT
%5 (58, Ps=P/t). WITNLEERERET/HS
<HMBAHTAREL 2D, BERIIZ (0~Lo) OHEEHA
TET B.
(4) KBEBEOTBME VO, JE#BLUTLD
DRI 60 (Fig.9)
BTRONKREIBY S V& OREHFRICERT
hi¥, BERBEECREINS 2 EEUOAHEEET
¥
(5) BAAVF+—Kv>H ¢, ¢ (Fig.10)
BEEREMNEITIE, ¢, ¢ BEBITESRRY -7 %
Bt ¢ 0BBBEOASDENEYRRKE ., T
bbb, BANKEESEERERASERIN TS,
THOMGEBAN (KFD (A) Ofifisd) It T
L, ¢PIFF0THLDITHL, I LTELEND
BOEERT. koT, BYRAMYFr—-FV o (¢

L

24



TAREREHNE No.443,/11-18, pp.17~26, 1992.2

158 T

- i= grae

£

L=

(u) g;;f;,’l 58 (11) Buoyancy
]
\
(1) Diffu-
Ay sion
ey 1 ) 1 J
-1.0 -0.5 @ 8.5 1.0

TKE-Component s

150 "'

= 2e00

0.5
TKE-Components

¥= 7.8

0.5
TKE-Components

Fig.11 Contribution of :each component in TKE (Turbulent
Kinetic Energy) Equation (Eq. (20)).

+¢) (BfE) IHET 2ELEREPSNRBNTEL T
VN5,
LEROBEEE (RPo (B) OEFT/EE) tb0T
i, ¢ D0ACERET 5 DI L, ¢ XEHESBE A
DESILE-TEQEEZ &S, COREBIZBENVT (+
$)> 0 DBE, BEBIRETHY, LR XTH
hizwv, LL, BB & » CBUERBE AL, 8
FHIZ p+P)I<0&ERB-THHBRFREEHBL B &
Rayleigh-Taylor Instability 2584 U, # UWXRED
EicERI NS,

DED k> sELREEED ¢, ¢ ~OEEFMHILK (30)
DORIZENIIZETMEE AT VS,

(6) AFXINLF-—FERXOZIKS (Fig.11)
B ORI R AR 2 EGE, X (20) oA
— RNV, E S THBUDEZRSFITODVTDHERT.
BH7Ivr 2 (1) BEACBVWTREL (HKRT
RIZBLWTWERTIOERZES), i VF—%
ERT 5. LHORHRBIEEENC LS T ANF —4K
WhEL< a0, £, ENRBARIKERT L, B3 &
EHITEFITES LTS, Bhitk->THEREMT

AWK - @FENOETR (1) 1Tk > THEHRICHHE X
ha, 12, BLNVEBITANT —DREX R EIHIEFEER
B () idzAvF—EBRIAKED, EBIEZERN
WWEBENTANF -EREVWNEL2HDT, BARK
ICELN OHRRIEGIE S L UBREL/NE <2 5,

1. & ]

HEEERESOEMZMAL BE&ICRET HRE
HNRRREERFTAEETNVIC & - TR U 72, BITRER
FEE LS OERMERR SN, FIHEE - EOBRESH
OFEFEPBELSBRINTWS I 2ER L.
iz, ChETOERNPIFR CERZES 2 LPRET
H o ELFEBEIC VT L E O S iz S Nt

KIBE TN CTEEEREVIRE S N5 202
ERTAWMAEZACCREAERNICERT 5 2 L3R
BTH5Y, ERETIVIEROLEL 2 H > HiEkOK
BEEBPRETH A EVHFIREFED. 25 U IZELHRAE
WOEFNL, A0/ vZB8z ERARER»EZEA
ERMRET & 2 BHESWBHEDOBRAORS» Y & 12
A,

ELMETIWVOIRIZEL T, FORIZEEN 556K
e THTHTANEEEFNIETTHREY. SEIZEE
SHE L CEBE TV EEHE T 5L U CORATH
528, MBNRL L HEBERIEBOHTHD
Lo b, MY ®FNVOBTHEBNEES Level-2.5 F
FNERW, FEEREALTIZZIOETAIIBNTS,
IR B OB, LR Z EBICERTE S &
IEMMEEN TS, UL, ELWRIEICBIL TSR
ORI FBEOHENERINTH ST, BERR
D & D ICHEIIBED/NE WEFT OB % €
TV IAT Z ETELD, HHWBERL D
MNREHRTE L ZEBBNZETAVTCHD L IEHE
Hthb. UL, BA22EEREFAPRE SN TY
ZEMmMILKOSTLR LY, BEEREORRICEL Tt
Bl 1B T B B L ELR T TIVICEE T A BEE OISR
BlL 7z, BUR TR IC & 2 ELERES O BRI B
UCTEEBNRBIIT 5T 2. 5%, BBEELRICET
ZEOBVEBREEZEAER, ARELZEFPVEL
TEWET NV EELI G AENH 55, EH 5 IIELE
ETFNIZEA LT, 1) Level-3 & % id Level-4 &7
REATEHI &, 2) IRRDB 0 T¢Pl-FER] %
Frziomas s, 3) HFRE FolEoREIcEE
FTAHRAHPORMIEZEME S &, £ ERBIZEU TR
REBHTARMSHEEEZTVE. —F, EALBRET
WEISy 7T v 73 3BRTHEHREKO L0 —BDBE
i ESRETH B,

AHFRERTTHICH D, F—FEEHLI990FH
T Alexander von Humboldt Al DB LB % F 1T

]

25



BLHTTAEE TIVIC & 5 BIRRUER OELIRARERNT B - PLATE

fz. RARESADIGER D TIARFERTICEL, ®F
RETHFIRER - HEBMEEIRIC I IZEBEE > 2.

AR TSR U 2K ERII KR R E EHIREIR O
BEOL LIZTFhbNibOTH 5. AR OBBERRIC
BT, BB B 3EREBERHE . BEE
BHEITHICE LU, Karlstuhe KED M. Rau K2 1X U
LT BANAOBNEB L. BEGEIZE L, FXZ*

Prof. W. Rodi @B 2RB=Z 2. Pk, 22
RLTHEEERT 5.
& £ X #&

1) (flx) 5H- BB BEPO_BERHEWER, conh,
9, pp.93-114, 1990. .

2) Huppert, H. E. and Linden. P.F. : On heating a stable
salinity gradient from below, J.Fluid Mech., Vol.95,
pp.431~464, 1979.

3) Mellor, J. and Yamada. T. : A hierarchy of turbulence
closure model for planetary boundary layers, J. Atmos.
Sci., Vol.31, pp.1791~1806, 1974.

4)

=M - EE  CRBEB L CERBERBIBICEY 58

5)

6)

7)

9)

10)

EXNWICRT 2558, TAPREE, H355/1-1,
pp. 73~82, 1984. )
EH-ER - OB #5RBELIC L O FRI N GHER
ARG OBEMRYN, LARFERBNE, HF3935/1-9,
pp- 67~76, 1988.
] - Plate, E. ! BREER——EHRERROERET
WERE L BRZSRIC & 5 BIERITE, BRTFHA
PRk, #5335 (EDRIh), 1991
Hassid,S. and Galperin,B. : A Turbulent Energy Model
for Geophysical Flows, Boundary-Layer Meteorology, 26,
pp-397~412, 1983.
André, J. C., DeMoor, G., Lacarrére,P. and du Vachat,
R. : Turbulence Approximation for Inhomogeneous
Flows, Part I, The Clipping Approximation, J. Atmos.
Sci., 33, pp.476~481, 1976.
Uberoi, M. S. : Equipartition of Energy and Local
Isotropy in Turbulent Flows, J. Applied Phys., 18, pp.1165
~1170, 1957.
o - CEEECREO AL A, Ba0h, Vol.7, No.3,
pp. 3~14, 1988.

(1991.3.22 Z11)

ANALYSIS OF TURBULENT STRUCTURE IN THERMOSOLUTAL CONVECTION
FIELD WITH USE OF TURBULENCE CLOSURE MODEL

Kohji MICHIOKU and Erich PLATE

Thermosolutal convection in heat-salt stratification system is numerically simulated by
using a turbulence closure model. The density field considered here is a simple double-
diffusive system composed of linear salinity gradient heated from below. Development
of multi-layers structure, merging processes of neighboring convective layers, profiles
of the turbulent second order terms and other characteristic convective motions are
successfully reproduced. The present analysis enables us to predict and examine not
only mean density fields but also turbulent structures which have not been discussed in

preceding studies so far.
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