£ wMaw ra-A\ m-ww\'ww\g \f%&k; WA S Y “%Ew@wm%\wﬁ @%é%‘&“&

WANYK \—\{ M e e el fbg?‘ BBl

- L K&y - \\&W\, Yo 2 Tagda Méd

Uy

P z

Z P ~ [‘ R, Sl

Moo 8 s TN
P rd U,\,Q,Q,-.Ié\, - M‘L—

P2

’}‘l\[ D N et e z > Q \

o L e WY " —— E—

NG € = ey \,Qﬂ,\)\— , 9)_ = ‘,j\\ PN

\ = U'\)( s &—ewu-a,wx—-i‘ N"—Qﬂc.,/'“p}(,
‘ ~
ST A Sxrerr et A \mn

Ol 92, A - W*ng&ns.}% :’V\Y\A@a{,
AN

s Sﬁk\r} S
Lonite @M

By R

o - .
SML , &.‘ = ‘C‘Stﬂ"‘ &.g_ a&iwwﬁ;a w3 = e
N Olatonee &8 , TV 4 O L N S

Orta, =0 Qra,=p 2 = S (y,¢)

Shan 3| (SRS WS N POV DI WD S

' VIR Ve e

S o 3 |

oA bonsnrs Vi \W ‘ Comdhnn e X el

e il mﬁm'\y e © G Soaamin)

& | et SR MK&J\‘%& SR ESE TS S

Ve s L Nk Acte -J}‘{ e Seel Mt
A s,



Qez =5l =% % # @-"{;ﬂ §1. Spw & ’,;'-;-:::_;%---;@;, « 23 "% e TR f:“;.;
V&Z\“ ‘7'\\‘-*'*15\“\ Awm‘)‘ff_
&, _ Os _ 15 " vs
ot =%
e (T, 4 = T s
ni *@é = G L\ VR VL :5‘%
R T ' TN 220

Qag= T 8,

\"“‘ &Wwam Chetrrae 5 S cj\;e_. M&;@_ '<.
/'\"T;\:Q‘z o E=TS (M@M‘

R Tt P G N W

PN P é"“i‘—w\ «)\';&‘\-P\

. }\P“ Bt P
G2+ =Q&Ey ~ Al
oy = LA E= S
B iCIN *”/% i il = 1
g‘m e P ééma,«:} P\'-: tl. e B o= A
. _ N o _},_,»f Y
'Q\ Q%—T‘T\L—-@\‘) e &LLLJ‘:E*“QL\) A% %'..‘:-Q

Fﬁ_,, C\"‘»&-. a@t&sg.f&ﬂ T XQJ\ ﬂ}&/&“ N

Qé’. "‘e\ *’&t‘p Q‘ EQJVV‘“\\\ ’\"u\""*"":\z'—& "{\’t’g

283
2.6, W YkﬁL%ﬂ\)] * Yl s\ - €, 9 S

A\%%JMW%&»A

Q&_‘Q\t AT &y _\F%{X = -QLI@;,& LTy Ry & %,«Q TN



A\ ARy Sl N aar X R e AN
"W\@*\\f\ﬁrj At S TRTANCN SO . AY_&W\& wl«*‘ \g""”"‘“""“ Comwe k\«mg

W M\/VMi \/Wu*vLﬁ—"-' Lab\é\’\ ,\5_‘:‘(\72-/@,5.;\

AICERS T CLNeE)
éQ;..Lh %1’:"' ™, &zg =

R\ vz = Wiz) e
Ao 4sed &a=&vacdl —lde = ehay e Noe
ga %/LA\ \»D W (-8 &1»&!’&-&” t"‘;' ’”? Q
Ve, &7# fw% VA S,
ﬁﬁf“‘v\\:@mmg: avnteine é“zﬂ-guf

o - ,}; E:t ) . N r 2 '
S B e T B B Nar L& 00
O GO g k - ,ﬂujri%: B 3=
@, e N g gp ah g MM o R
(.a‘tbwksz' < =.Sb = e2{ -é-—ﬁ‘} | = = b’ LK "C-ﬁw

&, = ho-ayetetd S =5, (e ¥
' : A AT oN
Qs = ey () Qﬁﬁ%‘ S TSx= S (én) €

g =T %y 230 2R3 =T3S, en®=6
ho (=2 = DS A = S C-tde) = B ) =T, 3.¢Lh)

WA_ = =%, (D - ine)
%.\5:.\,-':- S AT, = ce)



‘ e : . e | .
&‘fg i‘*‘_i"‘b&_é\f & it é&xxzék‘u{;’}%:}g,

ﬁez.;;m %, g*’w’b&j Ve \"t Qv = Eﬁ, (e n & )

2 LA (-m\ AT AL ) g S, \®
Qz(“‘ ("“*Q‘*\ s @\” ffkh«\}%% "),\ » _ WE O

€, Lheho (miex ioy) vqs. 1= ¢ Lad (i v i)+ ¥Se |

T LM L .

i 2‘%_ » - - %
\_ Q-Lg‘f_. .,‘-L,'ng*% = ’2'%_13 “ﬁ:,—\, Q‘-—b&“z,wmrﬁj ar}z,,%mg

<5

T Lines ren wag) -, [ Greri o akg])

e, \_4- Char—2 =g, * VU4 ‘;X =
{ﬂ - Qo2 2 Aoty — MO A ‘\(WE“‘

e e e e e s S
| er(e e, ) =& \ 2 L2477 kT ae, Wb o b/, (21R2)

o, E—'L(Q\v\«eﬁrg 1 r RTRA(TVE | gy (Ramte)

==,
oy T3 T e
| %= (emmirermy ™ /0o va )™ »
| (8-ey

L =Mans —% (eve §L,& AV % '
| | B s € 18 L)&Q\“FQL\ . %% @Vvﬁg,})

Le \*fu\uiz i"aﬂf@";’*’{a’ﬁr&\h“i (e 9% *QLS (€ - QL\_X

- = € Ry ktr'l.-""‘a':%b

@ Q\‘\'{L\‘w |




S v
2,;T, A€ ™ _\__ ‘é/ ez-—<\ -(3' "‘51\ iz
ol R o T e,
Q"-——“&g R’I. Q-;_—Hq QL‘\’€§
N

%&&\M‘w\‘\:wu A e SN e G

o I A IS AT e et s et

3\4,@“\ 4 Y ({LF—U(\L\ ra )Le\ﬁl__(:(ffz_mﬁkfi\} AT e
~adn
(22-e )8y 2e) = &  —e & ' sl "%AQ
o~ C &y 5\ {e Lﬂ@v\ R Lawral
a M\W ém:
| . €r-%1 \ B
{Dv O =T, =0 t Q Zr\'é\\

Q 7 5 { \ W\v\fﬁ-«L g; WM'\K‘ LJ\ sd,, T g%ﬂ\& g‘?‘avg_ﬁ Lo 5 M

/\.»«Q..«-J%\,&v\ %\r‘- WO rtne A AL ehoan wi\f (2 &‘&.«a\(%&-m‘

: - \W\Sw{e}\ %:"e—*_%«l LA -%Q\-Jd.«*-’!": ) W\\‘EW

@ F"’"—-— ’U}:t'f)’}_' )f2~ ¥ S A )2.,,\ \Af',‘%, o s 42/\@\«:)




(U, -U)

| ———
Bfoe 0,.=¢,
o T \ e
‘e Anhay € \‘w.\.e,@??:;" , *
Ld v 5\'&\!%5&\,, W k@t,““w{*\ .
ax (s ey
s e
= Elbj?_" SEY | -
| 1 U-0y)
80 Laeltle wld Mo e
i R,
(PYINN waila Pyl P . @ a W) WAL b WK

. ©VEAL A
VAAAP R, s ‘g:ig\,,‘,m ‘Q‘f\ﬁkt‘ Y ruaz:ﬁggﬁif ) /J—kw %\4}% l/k. ¥

- ol
\% vt Yl I lod! -— b4 ’\J“‘(J..c .;,}‘*/
W 7

°

u“‘“\Jw\“ \‘é*&\m \meﬁ-'}k'}‘ C&w)\ PR L-,Jw&km
. J'%P:t‘— Shany ("‘""V"‘X g4 HM&MKW &M

Waduee s
atmet

A o eavd

1.0m

- fo— 90 _,f

FIGURE 11.5 Natural overturning motions generated by the Kelvin-Helmholiz instability in a salt-strz=5
estuary at early ebb tide (see Lavery et al., 2013). The simila ity of these structures to those shown in Figures |
and 11.6 is striking, The image was created from a downward looking backscatter sonar system operating in &s
375 kHz to 600 kHz band on a research vessel moving upstream into the river mouth. The upper fresh water lzv=s
from the Connecticut River is ~2 m deep. The lower saltwater layer is ~6 m deep. The Reynolds number of the Hose
based on the vertical extent of the overturning structures is ~500,000. The gradient Richardson number hereis ~31 2
so the structures are not growing at this point (see Section 11.7, and Example 11.4). This image provided by, and used
with the permission of, Jonathan Fincke & Andone C. Lavery of Woods Hole Oceanographic Institution.
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FIGURE 11.7 Smearing out of sharp density and velocity profiles, resulting in an increase of potential energy zc
. a decrease of kinetic energy. When turbulent, the overturning eddies or structure shown in Figures 114 and 11 o
to vertical (cross stream) momentum transport and fluid mixing. The discontinuous profiles ACDF and MOPR evame

- toward ABEF and MNQR as the instability develops.
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FIGURE 11.6 Nonlinear numerical calculation of the evolution of a vortex sheet that has been given a small
fransverse sinusoidal displacement with wavelength A. The density difference across the interface is zero, and Uy is
the velocity difference across the vortex sheet. Here again, the similarity of the interface shape at the last time with the
results shown in Figures 11.4 and 11.5 is striking. The smaller vertical displacements shown Figures 11.4 and 11.5 are
consistent with the effects of stratification that are absent from the calculations shown in this figure. J. S. Turner,
Buoyancy Effects in Fluids, 1973; reprinted with the permission of Cambridge University Press.
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