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2. Experimental Study of Lower Two-Layer Stratified Flow

Hajime KATO*
Susumu NAKANO**
Takanori IKEDA**

Synopsis

Using a small two-layer flow channel W 15x D 30 x L 310 cm, experiments have been conducted
of the salt water current which flows turbulently under a pool of fresh water. The cross-sectional
average velocity of the lower layer flow whose height was nearly 10.4 cm was varied as U=1.4~
8.0cm/s with salt water density p;=1.020, 1.030 and 1.050. Hot-film anemometers were used for
the measurements of mean velocity profiles and turbulent velocities. Electric conductivity meters
and a special wave gauge were used to measured density profiles and interfacial waves, respectively.

Experiments were made initially for the case of 5cm width, and then for the case of 15cm,
varying the intensity of turbulence of lower layer flows in order to find the effect of the turbulence
upon the entrainment coefficient.

It was found that the entrainment coefficient £ is not a function of only a overall Richardson
number Rj,; the stronger the turbulence is, the larger £ is. However, it was also found that
the above-mentioned effect of turbulence is weakened when Rj, is reduced. At the usual experi-
mental conditions in the case of 15 cm width, the entrainment coefficient was found to be as E=1.0
X 10—3Ry 1.

A characteristic length of the density profile, /,, was found to be closely related with the
generation of interfacial waves, and /, is represented as a function of Ry, for the same turbulence
intensity.

Some light was shed on the turbulent structure of the lower layer flows. Furthermore, it was
found that the log-law is valid to the velocity profiles near the interface just as the law of the

interface proposed by Csanady (1978).

* Director of Marine Hydrodynamics Division
** Member of Hydrodynamics Laboratory, Marine Hydrodynamic Division
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€ o u?
E oo A we
~NB0OFA ©
- A o]
80 & o
LA °
oo
100 _% I L ! L 11 [
O 02 04 06 08-8-6-4-2 0 2 ‘110'2
X
uww? (em?-s?) -u'w (enf - s?)
E-36 2 FHEEhRkeyofiEfHR (dh=40,

V-probe)

- @A Rl

Fhid €=0.030 0FPLSico>VWT B ATHIELLDOD
<, B1-35 & B1-37 it X-probe it X 53D, E-36 &
E-38 1% V-probe it X BiERTH B, 2 HRGFERS D
£z vk V-probe 2 {fibh TV BHEMRE VO Thhb
NbThEffio THEDOTH B, RAPKEODEL D
XS CEEAROARE VBFTTIE2 F v VXL OIS
Bk - EHFEIT R D OEMNET, BIEREFKE
ARBTENBbhotc, & xiX dh=60cm OHEIT
[-38 @ V-probe DEEETIIRBEHLT —w'w’ 2
D RERERTTH, ThHKAERECLIDZDODX
5T, TOMETD - L/hERERZRT B-37 (HF0
BEmAo Ao Run @ —w'w’ OffH) @ X-probe
DEEROH BEHEENRE V. dh=40cm 2T |-
36 + [-35 ORFEBECOVWTLREBOZ EMB VLD, T
BatkicoWTEBE, —w/w 1% z=0 55 2550 mm
HEHVETCREDHEEZ DL, ThUTTCRADER D

-‘g}f o Og 6 Case B
a o
-AA ° O  Ah=598cm
20_3> o [} x€=0‘030
L2 o - probe
40 & o
E - A0 o w
< 6o} a0
- a0
801 & o
- a <]
oo, ! \

[0} 02 04 06

wL,w? (em?-s?)

§-37 2 HEaENRS oRlERBR (4h=60,
X-probe)

8ol o o
- A [¢]
a

100 &

[*] )
R WO U B |

PSR T TOUN TR N S -
o] 02 04 06 08 -8-6-4-2 02 4

! [

10

6
2w (enf %) -Tw lem®s?)  x10*

E-38 2 FAElhEs olERGR (dh=60,
V-probe) .
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TR 2 Bitic o\ T OEBRMTE

Do THIIREIPRIZEEDOHE, TALLERREOV
4 7N ZAENOFEERBTH B, REICETHIEEE
ELEEV 2=10~15 mm 5855 RE~21FT —u'w’
DERBRLTEOREBEED ER (Flzxif Laufer®®
BR) LIPLESTRY, chiI2BRciaonl
HHENhTV,

u? X wROEIOVWTES L, w3 TRAKEE
CThEWH, BENRLEMT 5 REFHE CREFI/N
XL, TRRETHERAS X 5% 2 BRESEEEIGEY
BExrLTwdtoEroREEREE>TVE, —
FuR EREOTS FLEEDEL TAERHEEZRT .
E1-36 ZClRmL D L (2<0) T « Frhh kA
BAZRLTWER, ZOLERRO »?3ilhivd X
DHEAMOEVECEIIC L VELALDT, Thid
TRBOIANLLIILPLHEHERIZLTWS,

wic w, w Ay b AOFEIERE LT, E-39~41
ik E-35 IR/ L Run @ z2=2, 12, 50 mm T
7, E-42~44 iTi3 E-37 3T 5 2=2, 10, 50 mm
TOERET T, —RZ 2BIROREIHDbI 5 NHE
LT, BERFETOMELVECHERDOE VI
&, BEERIHEXL D BLBEROEVELD2o8H BT

T T T T

10° E

K Case B ]

10" .

—_u

--—-W 1

~107 -

g E

E ]

L ]
g

10’° st 1 aates " .......l P ETIT
10" 10 10 10
f (H2)

E-39 #' & w DAR~RJ A (dh=40, 2=2 mm)

EBRRMLNT V303192, B-39 (4h=40 cm, z=2 mm)
DARY FAD f=3.0Hz ToOEXEH (H-31 »5

10° p—vmr S
£ Case B ]
10"
— ]
————w
~107 4
4 3
E -3 . b
*10° :
10k .
10'5__4h=40~0cfn_ a1 -, ——
E 2:12 Wf&ﬂ\’
[ €=00303 ]
10'°10lL.“...1.0°. ...,..10 f .......0!
. ; 1
f (Hz)

Bl-40 2’ r w’ ®A~RY } v (dh=40, 2=12 mm)

T T Ty T

Case B ]

10"E

F(f) (cm/s)

T

10°

10" 10 0 10

E-41 o'k w OARYJ b (4h=40, 2z=40 mm)



g - EH F-mEHA

T T

10° ¢

IR eI

107E E
E. — v ]
[ e ]
_107E E
4 E 3
E o 13/3 ]
8 5 o4
< L ]
[T

_‘
e
J

T

Lo

10° 1 " AT
10" 10° 10 10°
f (H2)

B-42 w’ & w’ DAY b+ (dh=60, 2=2 mm)

10° ——rrr——
Case B 3
10"
_—u'
———wW
-2
210 E E
E
ICA
Cyge ;
10"k 3
10° V_Ah=59-7cm |
E z=10 mm E
I €=0.0302 .
10" L Lot en - Lo i
10" 10° 10 10
f (Hz)

B-43 o' & w ®RARY b (4dh=60, 2=10 mm)

CaseB ]

10"5

PRI

-
o
3
Loty

F{f) (cmis)

_‘
<
.

IS RERTT

10"k

10— 4h=59.7 —_ ]

Z=50 nmm
€=00302 |

10" i L i IR

10" 10 o' 10

1
f (H2)
-4 « & w DAY} (4h=60, 2=50 mm)

b2 % XS TRERED TN WD B CIIFERTE
o 72Dt) T OPEEDEWE DETKIGT 5D TR
VwWhrEz b5, E-42 (4h=60cm, z2=2mm) D
BB - cBAEBE LNV, ZhikZ 0%
D PRI A W QIR DT 2 o TV T sLH BB B
Y £ S THRVWADTH S, FRFEEVIEEKRE
WSS T u RS P AT w ARZ PAXDKRER
AT —ERTH, BEEEES TREO YT —IITESE
L <, £ DR OHIEIRE - IMADHE - ~13/3 KR
Wk —FHLCTWS, H-41 & -4 iTRL7Az 2=50
mm TO # BI® w AR7 FAOHERERST
i, w’ OFRPLLRKEDOEEZTL TV, H-44 D
BEHIIL200F % V2 AR FEFEDHEIT X
{—=FHLTEY, TOERECKFERZ2WTIXXL<b
BV,

3.5 FOESTAOMEEBNOBERANY

L TROAGERTSE LEEFTROMNICXTLT
BEE & RO EE 22 13T K Lofquist” iT X
S TREIRTWED, ZOoACEHLTHEILEIHL
CREILTIEVWAED 57ce T Csanady® % Lofquist
DERT -2 2FRFFL, FELL OhiZisVWTids
FEREHELRE v XD REVEDBISERE ve ZEA
FTHZERED, ugzfve BRKEVE Z A THES L
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TR 2 Biic oW OEBRMIIE

1 D5t F A
U=% In ( “*Z)+Bl (15)

Ve
(Bi: Ef) RS> xR,
—7%, BEPOREAK I T ZLE LTS 2 Bl
Monin-Obukhov ¥85% 7 L, Monin-Obukhov £X L
LERTEHE (%

__ous®
= o, (16)
C=z/L a7)

LEHXTH L, Rl LOFESTIX
U(z):%[]nzio+c(z—zo)] (0<L<1) (18)

LELINBIEEF L, 2 c=p/L (B: Monin-
Obukhov {##) T, (18) Rlx log+linear Rz IFiTH
5, BE - FKEDIIZ, (21 DT ERIC SV C Monin-
Obukhov HEZHCIXEMAIE LTCwvin, EEOEHEII
IhiE, LA “BHxEa

U(z)=g+:& Inz (19)
PRI TBE LTS, £LT (18) Rid 2020 D& &
Yy 2
Uz)=—*1n p” (20)

EBBT LS, THHRIL S 5 — 5, (19)
KA R D HPA % 55 S EAEIR & FA S, AEFiDiC X
5 L BIABGRIRIC T B uge 13 log+linear BISHK D
uy WELL, HEOERICEKTS B OFHHAIL 0.4~
1.7, xDOFEHAIZ 1.0 x-TW5,

TS ORI 2 0T, ERAIETERr ok
PIERSE S T C DIEHURER f1 (=202/0?) % Fidi 54 D]
ERBRPORDLZ ENRTETCHENCH S, Lixdickt
RELTVWHORTRE2BIHE LB 2BROBRVIZS S
h&d, Csanady ke BB SO HEE T, kT
5 uy OAIC (B=1.0 L LT) P22EOERHB T L
Tl b,

COMBERRTT 5D, SROERTIIZCR
HGEOULESGEZFELLBIELL. ¥T5—R A-1
TR 5BATHRE LATRIAOHEEST 4 5lx hxtsk
Wiz 7Ty b LD E-45, 46 TH 553, E-46 T3k
T T2OoORHEHLTHL LTS LD 2 7 EE
2 THbH, WTHhdD Run o34 RS 1.5~2mm
U ELOBEITHBRMAELTE Y, TORF 2RI
Mz EB5 VW TH 55, —FLrh k0 REICITWVES
SoinEE, CTORBPLARELRTHhS, Zhb4aD

® Run ORADCEEOHESHEZELBEERTT R
v PLEODB 47 TH 38, WTFhog4stREm%zit
XY 3~5mm OF CHERIFEXITH L CESMICEL

9_
ol Case A-1 ®
o
€ =0.028
7- .
Station B ®
~6f
n
= ah=78 o%°
ssp
> |° o
o
3t o
fe) o
7 o

&I 012 . 05 1 2 5 10 20 50 100
2 (mm)

E-45 s (Case A-T)

7 — v 7
6 £=0m 6
_5F is
o Case A-] Ts
gln ah=4.0 e
~ 15
o3} o
qé
2t e
3[ =38 3
o0z BT T M

Z (mm)
Bl-46 iS4 (Case A-I, A-1)

3 4
U (emis)

B-47 F@E{HEOphEs T (Case A)



g - H

LT3, @-45~47 »Hbrb X5, 4EOTRE 2
BRIy, A - KEDP RSl BE 3 HH
BREELEVIITHE, BRI Dyr —RAADHAIT
X, AT X S CEBREHEBE VD, RTHENS
(21) ~(24) R XD uy OFHEFESEALEZLL VO
¢, E-45, 46 OEMHH L (15) HBWE (19) R
DOBRIE DV T ORIHIRLH T, ZOARDPVWITOER
BRI BOr — A BORKRIZOWTT S,
ZZTHDOHEDID & HiED Dz, €=50.03 O
O —AA-1Lr -ABRE 5 REAE dkfoz D
BlEERE T Th H-48 & {-49 7T, ZhHDE
OHWBECREOIETH BV F 2 ) —DERE 4h

(x107)
St o~
/
Case A 0
Al
3
it °
T
(o]
2 o
)
e
) 4h(cm)
O 2 3% ¢ 5 6 71 8
0 2 “ Uemrs) O 7

E1-48 REDEOHERHR (Case A-)

(x10%)
4
Case B )
33
= /
@©
12 /Q
o
1 o/o/
4h (cm)
0 L L \ L ' h ’
0 10 20 30 40 S0 60 70 80
U+ 1 ) L \ .
02 4 6 U (emis) 8

El-49 REAEOHERR (Case B)

T
Case B Run U-1
4 |- Station B
4h =105
4|67 000 0%, |
€ /GOD’ o]
L 0‘00160 ol
o2 po e
° o 2087
1 o
01 1 10 100
z (mm)

El-50 & 54 (Case B, 4h=10.2)

B -t B & Al

(cm) & FRIKOKTETHE U (cmfs) LATRL
T B, ML U okt s drfox offiix, r—=
A-1DFBr—2 B X039 2fFRFKREL, Thix
r—AZAADEBRECKENRKRENVILERLTWS,

E-50~53 12X — A B O S HOBERFHRO—8
FTF, TOBESICHIEE 2=1.5~15mm OFET
KEHESHEE LTRY, LOSEIRICLTRPIC
BEHEMAEWTHD, £/ dh=40cm @ 3 @D Run &
dh=60cm @ 3 A Run @ REFHE T OitES A%
EHEBRTT Ry F LB E-54 ThH5HH, ZOBE
FhzFEho Run OBIFEHEIZ-IF Y F5BEVH, &
LLTRALREDHED—FLTRY, REME T

7
Case B - [
| Station g | R U3 pﬂ 0090
Ah=400cm s °
— €:00275 o ol
<s yed
£ e
Kl
put 4_0_0_70/
3 7
2 1 P 1 L1t 1 11 1111 1 1l 1111
0l | 2 Tmm) 10 100
B-51 44 (Case B, 4h=40.0)
7 T
Cose B | Run U-4 000
6 Station B o’o@o o
Ah=399cm 06 °
. £:00305 O,o’
£S5 P
£ &
= o
4
) o o o/
3
2 1 L1 111l il | 1114 L 11 111
(Y] [ 10 100
z(mm)
BI-52 {44 (Case B, 4h=39.9)
Case B Run U-6 1
g~ Stetion g /
Ah=602cm o o
, €:0029 o 5 600 © 9%
ow o
® o2
T 6
5 #°
EIY (&) —
° o
4
3 1 P 1 111} 1 1.1 1141 1 11 1111
[oX] [ 2 (mm) 10 100

E-53 #iES A (Case B, 4h=60.2)
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TR 2 Biic oW T OEBRMWIAE

-4 r
-3+ Case B
Station B
-2 -
-I -
<o | U (cm/s),
€
< |l m==
e
2r lu-7ef -
u-5|
3| LU-6ja]&
4 =
5 L

BI-54 HEHLOFES AR (Case B)

BA-47 KR Ly —RAADOHH L ARIKIES XYL TE

%E‘J&%‘?ﬁ%T LTw3,
Z 5T Lofquist? £t 5 &, RERES AR
b:t&(o)ﬂé{;ﬁz)ﬂ‘ﬂ‘zb!‘ohéo
- 9P, Tw
T= S (a$+ b +pu)dz (21)
aplaz=g(ah/ox)p—p1) (22)
Tw=5.11(10-%i/v )/ pi? x 10-3 (23)
- @3k . 3
== Vo @4

IR 2 EE»D LRSI E 5 BEEL, 2/=ho tX T
=0 OFEX, 4 REHFMOTHFE, ohjoz EREC S
Al Tw BHEBCEIK CARTS, b WOkEIED 1/2 TH
5,

Lofquist” & (21) ROFHFOTFRE L TRIFLES T
BIRAEEEDEIEAVTVWS, bhbhOEREE
Ty, & 21T E-51, 52, 53 OWThoPESThil
BRI DGIED T EFETIRAL, FESHTT
P b ZWRDES5ET5E, SHHIhL c DERI T
DAL DOENRD, Ll B-35~381RLALS
VA I NRES —uw offix Bsr, z=50+5
mm THEIL —#'w'=0 L - TWBDTIh% (21)
RIEBT S 2'=he ODFEFXLE2 D (ho=h—50 mm),

7 — A B CORLES I KT 3 it ox kR o A
HERHT 5D, E-50~53 OHESBIC (15) Rad
TIEDTRDA uy OE%E su &L, —F (21)~(24)
RIZEE L ohjox, We, p(z) I EDEERRALTEH
AL Tt 052503 vy Offi uw & LTEFNLTH
R2UETFT BI-55 132D up & uye OFEY =
v PLICDHDTHD, ThHEDERRMLDLMAB X ST
dh=60 cm DIBLHEXIRVTIERITAL up=uy OHE
BRILL T3, TOZLiZ, SRIOTFR 2 RificsL

£-2 uy ORE (Case B)

Run | 4h | 10% | T 17 Uys 10%f;

10.2 1 3.05(2.59]| 0.204 0.191| 12.4
26.013.10|4.15} 0.275| 0.280 8.78
40.0(2.75]15.14 | 0.346 | 0.308 9.06
40.0|3.055.14| 0.303| 0.332 6.95
60°0)2.906.31| 0.456 | 0.386] 10.4
60.212.906.59| 0.461| 0.387 | 10.7

AW N

5..
Case B
el o
€ o
32t /
‘|_.
o 1 1 I 1 1 J

0 A1 2 3 4 5 6
Uzt (em/s)  (log - law)

B1-55 w41 & %4 OHE (Case B)

Tix Csanady @5 (15) ROF o EkAZIER T
I<{HMTESN, B - FHE'PORLAE (19) Kok
SRNEEAED TRESAVI LTk LTWS, &
FR2RFRLTHSB fi I3 wp »OFHELAREEN

FROETH %,
LIAT2REEHORTTHEH AN o 31—
RO XS Bk TRbIN S,
Ti=Ti,+ Tt +Te,+Tie (25)

T T, FREERRIE N, Tt NERIKIC X B IRIER,
Ty FMBER X BV /A RES, 1o BTERKICX
SETIMEERIE T, T, To, Tie RERFRKDO IS
Kbxhs,

U
n,—p(—az ).-=o (26)
T1,= — (02" W0’ )e=p (27
ne=pdVel7=ptEﬁ2 (28)

T B—RERERCAGTNO XERLEZ 2N TEHED,
iz 2Tt Keulegan®™ 213 U4 < OFEAMIE
NI B AW KT TR L DHIAHIR K E T2
TWILHRAFEERZ LRI T, ThiZOoWTIA -
BTy,
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mE Hm-hH F-HEHA

®-3 FHEIEHIHBOEKS O &G

- aUu _
- — 27207
ah (/) (“ oz )Fo Cavke| 107, | 10% 101, | 104, 10%;
(cm?/s?)
40 5.14 0.0432 0.004 3.27 0.15 0.17 5.47 9.06
60 6.31 0.0563 0.020 3.34 1.18 0.27 5.61 10.40

REEANN o0 RREBHERE fi 26> TR
7= ft%ﬂ[j 2 (29)

LELENDZDT, (25) ROADOELRHTIFLTD
(29) X & FERITIEPURE finy fiw, fir, fie ZERT D
&, (25) RNooBEfKX
fi=fu+fiotfitfi (30)

LEYS, £2C, ¥ —AB®D 4h=40 XX 60cm D
BEROX, B-35, 37 55 —(ouw/w )=0 DIEEHEEL
T fu KD, H-54 OFERH» D fu, BEITHRBEOR (14
25 fi, (=2E) 2:k®»T, THRXK-2D fi #fi-T
Sfio ZEELTHBE K3 DX5iThb, ZDEDH
HEERTE, fio Bd o dRELBELHOIIYRT
HBM, —F fi, & fi ® fie VDX B»ITKEL,
fiw EHRTHEBRTERVKRES LB >TWVHZ LR
FHICET %, Thbb, BKS IVED 2 Biickw
T, filfio EEZT fi, BERINB 28400
Zxtl, R-3DOHR (NHESHE I RELLBVEEI
DWTDLDTIEDHBHM) BB THY, ThBTF
B2RRCIHFAEREE»ES »RTHTH %,
TREOKE ICEHAEEARN o2) vt/ r
RIGH —pww’ & ORI —FT

7:=,u¥—pu’w’ (31)

DOEEHRIH 5, E-35, ST ECASLhB VLI /ALK
SHoORHE, HEFHOBERHE (B-51~53 2818)
X 5L 2210~15mm Tix 0U[9250 Th b 2 & &%
BicAhsl, 0<z£15~20mm OfFET 7 1HI3IF—
FEEELD IS THBN, K3 OKELLL,LB XS
i, £DfEE REITEHFAMN o0 & ORICIZIZE
Ti, DECHYTE OVOERRON S, Ld - T,
-2 D Uy & Uy O—FEFBRCANSE, (15) R
OFEEP BRED uyx &, £ OFED M OXTETER
TR BEAMN T & ORIC ue=v7]p DEFRITRKL
LTHSLT, ZORRIVTREHI HRRIPLET
Hbo

4. ¥ & B

INBIOD 2 [EIEBRKEE R > T, HIELAREKEDOT
KR RT TR 2 BROEBREZITV, BEST-CHMT
FHRCEETTRECINGEO ZH TS Lk,
TR i OFLH A 22 R RHE O FE 54 ~ Oxf kAl o
WA 2WTH T,

SEOEBRPSELNIRREELDD L, KERD
EBYTH D,

1) 2 BRETOETHRET, #REXLhTERLX
SHEBEHYF +— NV v Rip OHZOBKER
Vi, XROTNhAHET EETHREIAREL LD
TEMbhrotte RELIZDENOEET Ry O
{EM/NEL 5 EFHL BB HAMBD D,

@ —BHERELCEY 15em Bor —RACE
I BEFERK E, FiT 5L E=1.0x1073R !
TEbIN5,

(B) BEIMOBHEE L, (=40/(30/02)max) X RMIC
B> H5RMEORERE L BECHEEL TR, £
MOENEENR L THNIE §, 1X Riy OBAKTE
bIh, Rip=10~20 i TR/NMEZ & 5o

(@) TRRovA / AXEINIREMLIEZRL EE
L P SMiET B, REO 10~16mm FTib
REEZHFCVvA I AV REIRBIT 5,

(6) FLNOMEMRS w R REME RIS LEE
KL, —HKERS 0 REOT < T CEREY
30 b o, THREEL 2 BRESE
EELEDOHE 2T L ERFTF TV,

(6) TRKOREHEDHERS D L\ RIER Ry
5, RmEoA LT (FF 1.5~15mm) O H 45T
Csanady® 734225 L7/ Law of the interface (JR1E
A & FEROFBERRIDSR D M TWDH T &R
BaNni,

M TRECOWTREEOSER B S H2ELN 5
D TRAKCIEELTEY, TORD—RITTRE
2 BT R\ 58 THRET LB 2 BROBEX VK
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TR 2Bl VW T OERMHE

ELBE-TVBbDEELLIS,

i, APIRTHRLAERKBOWUES FHER

HL

i3, TTKEBMEEOE@ESEET (BLRTHEmEE)

CHERDOHBHAZ LTV 268 L, FEHoTrE
T3, TRERBRRLT - 2EHTVWAWAHBALCTECE
—FHEARE 2 LDHKBMIREORAIT O X D EH

‘j’%o

1)

2)

3)

4)
5)

6)

8)

9)

10)

1)

12)

13)

14)

15)

(1981 4E 11 A 30 B Zf})

2 £ X &

AETERKE: JREBROILE, Lt (&
¥ pp. 177-219, 1980.

FHME - O3tis: FEREROHZBTHITS
BRKOZEEITET SWE (1), TERED KK
4E4R, # 18 S-B, pp. 495-512, 1975.

AHTE= - &HF R BECRBRoETEK
ARFELHE 31 EEREMBASEREEE, FOH,
pp. 383-384, 1976.

KA, HEHI 46 FTETR, L AR%¥4.
Simmons, H. B.: Field experience in estuaries,
Estuary and Coastline Hydrodynamics, A. T. Ippen
ed., McGraw-Hill, New York, pp. 637-690, 1966.
KEEESEERMENERS: BRBHEEROR
mERK (1), LA¥SHLRESE, No. 242, pp. 73-
0, 1975.

Lofquist, K.: Flow and stress near an interface
between stratified liquids, Phys. of Fluids, Vol.
3, pp. 158-175, 1960.

EFET - EBE B BECRBIERERRT D
BRERICOWT, EARESRIRESE, No. 271,
pp. 67-81, 1978.

Csanady, G. T.: Turbulent interface layers, J. G.
Res., Vol. 83, No. C5, pp. 2329-2342, 1978.
HEf @ ME: BEROMESfS XCRERI S
WO, 3 23 BUKEEHSANE, pp. 347-353,
1979.

BEgRME - HKE W EKEoOmESTICRT S
Monin-Obukhov B DO EFAKEITOWT, & 26 [
HELERESHLE, pp. 549-553, 1979.
BEt@#HE- /= Vv 7V - hRE— - FiTk
*k: EKEIOFES IS Monin-Obukhov
HAOHEARIE VW T—EH S L CHETHER
, B 27 EpR L#BTRA ALY, pp. 414-418,
1980.
&FHHE: 2 BiEAmERGRO—F), §13 [
HE LEBHESRIRL: pp. 263-267, 1966.
Kit, E., E. Berent & M. Vajda: Vertical mixing
induced by wind and a rotating screen in a strati-
fied fluid in a channel, J. Hydraul. Res., Vol. 18,
pp. 35-58, 1980.
FuEE 44 - wbE7SAl:
VLES A & BITRE

TR2RBROER (1)—
» B 28 EiERTEHERS

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

S
St

A, pp. 520-529, 1981.

Turner, J. S.: Buoyancy Effects
Cambridge Univ. Press, 1973.
Sheppard, P. A.: Transfer across the earth’s
surface and through the air above, Q. J. Roy.
Met. Soc., Vol. 84, pp. 205-224, 1958.

B OW—B - /MAFDE: REBEESRC ST 5E
NEICFELBO RS F L, L A%28Y
e, No. 268, pp. 63-74, 1977.

B OE—ER - AMATDE - THER: 2 BEREK
5 NEE L ELNICE T 5 EBRHIE, E25ME
KBRS, pp. 311-319, 1981.

Phillips, O. M.: The Dynamics of the Upper
Ocean (2nd ed.), Cambridge Univ. Press, pp. 295-
308, 1977.

Kato, H. & O. M. Phillips: On the penetration
of a turbulent layer into stratified fluid, J. Fluid
Mech., Vol. 37, pp. 643-655, 1969.

Kantha, L. H.,, O. M. Phillips & R. S. Azad:
On turbulent entrainment at a stable density inter-
face, J. Fluid Mech., Vol. 79, pp. 753-768, 1977.
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