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INTERFACIAL PROPERTIES AND ENTRAINMENT DUE TO TURBULENCE GENERATED BY
AN OSCILLATING GRID
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By Masaru URA, Toshimitsu KOMATSU and Nobuhiro MATSUNAGA

The characteristics of turbulence, interfacial fluctuation and entrainment caused by
an oscillating grid have been investigated. The turbulent intensities, integral length
scales and organized eddy scales have been described with the distance from the grid

and the physical quantities of grid oscillation. The r. m.s. values, integral time scales

and predominant periods of the interfacial fluctuation have been shown as functions of

turbulent Richardson number. From flow visualizations and results mentioned above, we

have found how the integral scale eddies and organized eddies play roles on entrainment

and suggest the —5/3 power entrainment law,
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Density difference g
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{2) Turbulent Properties
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Integral length 1x.1zr"
Organized eddies Lx,Lz

@ Interfacial Properties
Thickness 5
Fluctuation 7’
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%
(® Entrainment at Interface
Entrainment velocity Ue

Fig.1 Process connecting grid oscillation

to entrainment,
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Fig.2 Experimental apparatus,

Fig.3 Symbols of grid and
density profile,
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Fig.9 Auto-correlations of interfacial fluctuations.

10°
1
10~ b
H
1072 L
En £
(cmis)
1073 L
D(em) Q%
10-4 [ o s42.1 12.5
F 65s42.3 15.4
[ O 542.6 19.1
~5
o F ©s42.8 22.4
106 ol cund vl Ll
107 107?107 10° 10t 10?

£{Hz)

Fig.10 Spectra of intertacial {luctuations.

95

UCAmICEE A2 7445, Exp 542 DR ZHIZE 0 Ry
WD L & CRIBER O D OMKIZENE D
EHITEML TV ERT. BREEL 7 OFER,
WHEMOHCHMER R, 5 6 CILEMART PV
E.##N¥NFig.8, 9, 10IKY. ZhosOEDH
D DMV RTEBRE v (=vV7') WL,
RolzH oM AEBER o, 3ERT L Ehhnb. &
12 AR PIVICEL T, B AR b LY -7 R
Hohn, AR PLOIERE (T,) £, 8L T
WA, BT 2 &5 o, WHBEN L 2T — L OELh
h->THERSNTRMEEICHIGLTHA I ED
5, RELHO A LF—0DL ARG r— VIEE
DEFZ LT oNTnDE I ENbms,. AXT k
WASEREBSEE (f€ fo=1/T,) <&, #hEh—FHE
BED fOLTRPICRFAITEIENDRS. Zh
WREESVPREEFEIU LS L FEEE L - T0A I ERE
ALTWaH, Fig 11 (a), (b), (¢) WENFNEL-
Sl HBWT, fod il ko TERTILE N AN
JhLVE fIIZRLTTay b LD THL. KA
B (0<f/f1) TI& fuEn/77120.15~0.8, 2
NI B~ fEn (fo) /77 1d, 0.8~2.0 DA & D
R (S fo)) Tk (f/f) il d s &%

RUN run
No. M Ne. M.
521.1 26 w5421 27
522,35 67 a547.2 38
@$23.8 122 a548,7 112
2 vo 1 -1 0 1 z 1o s 2
log f/fp

Fig. 11 Normalized spectra of interfacial fluctuations.

Tp=6.1T

.1 .2 .3 .5.71 2 3
T (s)

Fig.12 Relation between predominant period and integral
time scale of interfacial fluctuations,



96

ERLUTCRALNDANRZ MVE, DETFLRE LT,
SoEn/77=05 O F/ fo<l])
FoEA o/ 1?=1.0 S f=1
SoEn/ =200/ o) (F 7 £,>1)

BIRET 5.

Fig. 12 G RmABOHCHBFRE R, »o o1

BOBEAS =V i LT T, 270y FPLEHDT

»0,

SHBFRMRH NS (EHEE’%). B -HiEhic
FEINHILNAOBEHES Ay — 1V I, OMBIH A7 —
WL il 5AHMN1:6.29TH5EEEETHE,
L OBOK AT -2, T,h L DD F I
MIGL, RALSHORYE LE L OATr—VRAOR
ANOEHREIIKREURFELTWE EEALND.
RELE# & &5 L, zero-up-cross i LTI
EHEAMTORAREMRRP (H/H), P (T/T)
EROIAERE FIg 1315k, T I H, T 3FHH
Fbd. KhoE& 3 H, T H Rayleigh %12
ERFE U2 E EORBRERKEOMRT, SEL T
Reyleigh 3#icfit> & Lz D2 hcH b, Table3

]

Fig. 13 Excess probability distributions of
interfacial wave height and period.
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sweep by large scale eddies,

(b]
D=10cm
L=10.1cm

M=5.0cm, §,=4.0cm, f,=2.0Hz, £=0.050

Fig. 19 Mixed layer swept by organized eddies.

HOA#SOBBOFBHETHS. BELOKD L
EHBA AT — v L, & HEHE T 5 120 Fig. 7 1 AR
T7ay UK. L Lo D45 fHE RS —HLTWAS
&, FRMEBOEBEY T, HERO 27— i
SHELTWALEA2Z2 54, REBOWVALIIHE
BILE>THINTNBEEZALAIENTESL, T2b
LIRS IS & - TH & ISR T 0B T,
B 2Ar - volEfifilicl-Trnansn, 2ok
HUERLE TS, FTHEP AT - LVIEEORN O
B A — LV TREARE, REEIESE R L
Fi%, Le DA — V&L SHEBEYS T, OB X & —

MR - RVK T

VTRABZELEEBICEVAA THEITO 144 7 VA5
EWLTWLAB.”

(2) ETRFOEFILE

AR k> TH LN TS 2 HRICE S
WTETFIULETS. BEE c ORBOBERIITR~E
WLADIE, HTCHRNEDICHET AT~ [ D%
L OB/ VWBORNATH S, Elhz AL F — —
Ju R BRI L OWATR B L, RECHE L
BHHPRZOER.2 c OB X r— NV Clad& I L1z
%, B9 5E, TRET ALY IZEBREN ale<d)
ERTET v V¥ VIALF - IIE#mI NG,

Lz 8)ur=cga{ T )L o (15)

RICZDERBINLFT vy v VT AN F— L, BT
DRFIC S THRIEFK A P - TERIEGRE ] 82 5 5
Hahah, FEELFROWEROELR A DI O A 34
B kot s, T, DRI A4 — ¢ Ly 12 bl
TLES L (BEHPIEHR AL LEELSND) £
THTDHERDNDL., CONAT - LOEIC LD EAIE
M, BERESS 0 O Y Y v LT AU F -1,
COZIBRERORNERHRE/CDDORT Y v VT AL
F-DHEMRICHE L85,

W, oA —LOBOERIZL T, EEREHD
HEFEEYTONBOESNHLET H &, KA

N-egaZi)(H )

A 2 U Pl cquofLa(16)

T
(3]
b
BN T S, 2202, nBBEY AT —LOMHIZLES R

T,

-

1071 A

M=5.0cm
fo=2.2~5,.0Hz
£=0.0004-0.1

T

e
b
24
>
855 o

T

LR RN BRI

1070 L.

T
1

Ri=g£glx/u'?

Fig.20 Relation between entrainment coefficient
and 'Richardson number.



FEME T OELNIC & BB FIA O T HEE & TR S

LI ‘
@mmm&m(:f). 7 SRR £ 5 Tk
@fT[ﬁJfH@#if\/L{ﬂ’F‘”‘:V)CD'EU’S. u, DA S
DBV B BFI T T 5 5. ERELHT %
&ﬂ
17%a HH

wom g g s (17
nEoh, HEECICBLNLEE, Tabb, H=
2.2X 7 (Table3), X (3), (4), (9), (10) %k
RICRALTEED S &, EITHRHERHET 50%

%?zOﬁ?%?(Ezf)’”i:OﬁwégR*”’ ----------- (18)
50, RMCHT S —5/3RMABONE. BB N
Ak o 3B % Linden O F5EL En o, FHTIEEF

LISV ER A EBbn s,

(3) EBREREIOLE

KER L 0SSN HITRY u/u % RBICHLTT
Oy hLELOMFIQ.20TH 5. RO KEDHDILE
13, Table2 D&M TEBLLERTH Y, N
HOHFIZETEEORIED 128, BIRICIT> 12FERD
GERTHH, EREIETOELSDEEHHM, NFE
1#w3_ <—-HLTHY, LRO#ETEFTLORY
I s»O S NELDEEX S, 5 HFig. 20003
%r*wg;< HE T 58T HRE 0N, 3<R600 D
#HH T

ue/u':1.5R;5“ ........................................ (19)
Tl 5N,

5. # &

Hg1:$bfﬁﬂ%*%of %?&ﬁm%%&%

I T D MITIC iC«%MLWU& K&, &
KIE r'=‘%%ﬁm3 LEFREH ST U, J&;&;r%ﬁ‘o 7z.
KIFRTHB 5nr#a?%@uF®tbn(&

(1) —Fhz2HAOREDRTERT,
NS OFMLBIE & TV, ELNGRE, SlhEa Ar —
L DTEREEE 7SR fo. ELARIE 3T OBl S
DIEFEO —5/4 Fl L (X (2)), B s -k
FEEEICHGI9 5 (X (3), (4))., Bl Ay —nicik
Mo A —illiA, #iNEEbhsHL AT —
VITEET 2 ENPHERS N, WHEOMIZIL L=6.29
I DBRE 5

(2) WEBTICLOEZEI INENIEERT

KERUIZE &SR 2 RELHOAE 2TV, F04%
tEEB o Ic Lz, RO REmE, SRR, SR
BREOEs#ZTEMLL, KX (9), (10), (14) TRUL.

7, 2O0FENAT - VIZHIEL I 2 > DREEH)
DEB AT — WIS LT 5 R RHL 1.

zﬁwmﬂ

99

(3) RELHOHIERC LY, T3S X
7~wﬁﬁ®ﬁ@KM’$of%&*ntﬁA@ﬁ,m
BRIZ & - TEABICHVAE NS &Itk DL D
SRS AL .

M) HITREOT T & VIR TELRICE D
B RBRENC B AETHREICBE LT, K (18) T
/Téih L9z, iz -3 < BT Richardson £ R,
D—5/3FA MRV TBERRUI. O&RIE, 1]
BT E0EITEBES AL, 2hcESHTETMLE
LTWVa & TYHNERLIPRICS > TBY,

Bru b —He52Ems, BHITEFLD LT,
5/3 FRAOZUME LI ITEIPODLNTNEEEZ LN
%.

OB IARE Tz THIREN L IS
%émrrmrhMi+T+B%% BRRURICIE L B
LEML ETD, $rEREERMITICEREETE2D
W U TUNIRE TR SRRBUERCE, XY RE
B, FAECE (REE), AUNMIEXY EREA
FE, CMAHEE (JOuNm), KERSE #R—-812
WPELDH ALY HEABHOBARTLOTH 5.

& E X ”
1) Rouse, H. and Dodu, J.
density discontinuity, La Houille Blanche, 10, pp. 530~
532, 1935,
2) Turner, J.S.
turbulent entrainment across a density interface, J. Fluid
Mech., Vol.33, pp.639~656, 1968.
3) Thompson, S.M. and Turner, J.S.
interface due to turbulence generated by an oscillating
grid, J. Fluid Mech., Vol.67, pp.349~368, 1975.
4) Hopfinger, E.J. and Toly, J. A.
turbulence and its relation to mixing across density
interface, J. Fluid Mech., Vol. 78, pp.155~175, 1976.
5) Linden, P.F. : The interaction of a vortex ring with a
sharp density interface : a model for turbulent entrain-
ment, J, Fluid Mech., Vol 60, pp.467~480, 1973.
6) Long, R.R. ! A theory of mixing in a stably stratified
fluid, J. Fluid Mech., Vol.84, pp.113~124, 1978.
7) Fernando, H.J.S. and Long, R, R. : The growth of a
grid-generated turbulent mixed layer in a two-fluid
system, J. Fluid Mech., Vol. 133, pp.377~395, 1983.
8) OB - HA - REIREE - BES L IRSKTOE
iz ks 4F%@®Mht%¢ FEE, FUNTEREH
G (1), 3947, pp.41~52, 1979.
9) GI_HIQ% . ;uJHJ%J?TJ CERRH AREEERTOMRE
BEUFZOEHELII ST, BB, No. 238,
pp. 1~12, 1976.
10) AHRE D FROMKIIINET & 2 DICH,
75-B-1, LK¥4

. Turbulent diffusion across a

: The influence of molecular diffusivity on

. Mixing across an

: Spacially decaying

KIHL Y —-X
KIEEEZ:, pp. B-1. 1~29, 1975,
(1983.10.21 - &)






