PHYS 7810
Hydrodynamics

Spring 2024
Lecture 15
Instabilities of viscous flows
March 5
[ze,a\\\'. lec 13, POiSe,ui[(e Flow  Ahrw 74 ‘,}pdokan hel:
Y=t
v .,._3 P 1 A B ?:Ll
—_op D) V= 2 ) 2wl ()
- Y=/

Valid silukio fir any val of Peynods acnber:

@: \ML-— Vh-\o\xw
V] - /

v

b N, ol only Find s Fl TF s Sl

LLI((S ConSidOr \7:70 + Q.‘-/‘] +
Pin + ¢F L ' ;,.C;hfhgim\ly _s»w\.ll
(w’,,m\‘,,w/ at t=o0.

S foiseuille
Ruestin' (£ e wse porhiboed  (ait. cond. for

Novier - Shkes, will  F(ess) 20,7



A%“’"\C" *l"&"— £ low CLMmainS (l"‘C.o Mprﬁﬂ \J-v=~

DLV +6 V)Y f—‘VP SPAVAL"
6 gjcv 1(0 V)e + Vf = yvlﬁo \/
) i(?m H 0%, G,9) € *'\?WJ :iEVV'L.\J/(J toe

B\/ C,d'\S\’Y\d""’*/ GOQ P() Solve D\(OoVQ (ﬂu«""w 0\‘\' e,('?'c)

S 9 fons on k) teans. ' |

D n ‘QACkﬁrO‘M\d Vo (s heuns latm mvariat o ox L t/ So
Tkx-twt

look or ¥, ~ <’|LY/k,«o)e‘k“ (w

T)\Q l"*‘ftjrt’“"o\ sowbon T = U(y)?c/ SO

o . Lt kY ) o _ L1
r SESAYH -I'E/'Yal\),‘]'x + |kU V| + (%,)FP' - y(ay k )(vl
(

\/l\{f_ —’bT—\PI \/\*7—9\/*'

e -P—;-: ‘;f['v(a;"'kq') 3\,1" ciw Ay Y, + ik“l’,U' "‘kua‘l“fJ

[

~iw "Y‘l |< ) - _.A(UL'\(/\ -k ')(:') -Hk()"'V' _(,.VL‘\{,:H( -—'Lk"’«(»:'* ﬂ)

\N\/ A
-ﬂ\;s 'S O~ gemer alized Ujem va|\uﬂ, qug\'hbh'-
S -
Ax= w- Bx

-

~iol=ky) o+ ku(-ike,) +9y(?_[')) = v - k)




The 3w\rz,ro.\iza& & envalil§ W ave WM“IIY cobplty
W W +iw’

res
. _ /,t
“ad \7|~ 6,(y)e_‘k’< e " -

ND. inchbilily due to bowndary condi fions

it\s{'%l):[”\/ £ who.

'\.0+ —Fm;\'“'m o'F ﬁ\-um\al;u

, . ...
GocAd procheg work, tn A mexsionless
d— 2
T W

Uii= g (1 - (%)‘L) — g
i [(. 0§ ’k]\y - "I(VMWU '\I (( ?9’ -k )'4:

r- l —-Zt\/w()"r*v[( Qg‘;-"k]"f'
FREE oe2g s ReY
o

— o\n"h\j INPT3
-'m(’.)l k)«f = ik (1 -y By -k \rr -Liky, + «-th”) v,

Splve s ,,ro\o(em i gri cally: [HTL OrSuj wed  spechal nd"“g
-7 \/e[\,\] / wz. bxpe.d' A st emval Spe chusn

"J«W) st loglgw K —va| feve
° /w / felv) T boes mt €7, 1oT>o
0: kcf'l'o')—‘(
° o ///[ /
(4 Y ///
0 -(:.xeo\ - : = Gl
Lkl Pe= 5771




O"(Q_ @Z @c./ ?0(504(”1 "F(DW u"\?'"\b(l
bl reaishe’ exgh il have s inihiel
wishllle k. ,

What's %o\pa?'\*’ oA nshlilivy

debya [y CQ_I' =  cthaohe Flow , Aava ‘ W -Sc.ale,“ 5""“&‘4"?/
vortex A&lmam}(_s (ll(.. [6)

ci Ac.'h'o\ 'FVV'

1A Cbr\""‘\s" "('D ,.W'v\iv\af ‘Hokl (J\O+ ‘l’krb‘*‘e“+)«

T\fP.‘ ¢al "[, Mul(ﬁ,‘a onsets &Yt .~ ‘04'
\W
Exa N\Ple./ ¢$‘\' imate - L\/o-ykay Flows.

Kinen,ah< viScoS"’fy A air .
W aTer v~ (0 W\L/s

-5
.-\/N(O MZ/S

\—\uhf-m Scale  £lud -ﬂ.w 9 ‘I\AV'\:)UL\QV\“‘!

Lincar (ifgmbilthy  aralysis predicted ® =5772.
A ~loo R~ %o0o

) ] )

/ 4
b 1
“P“‘Hk ’ =t ‘hfa,ve,‘l.‘\j \,.-&\IQ/

/\ ‘l‘,-i’\‘\oh«o CheOMS
huh 1 ab £95 ...




Linear  Srbilily  aoesnt dell the  whole story!

Pr apparast debr.. R=Rev & Gt dhove imstabilihl)
S]ig‘r\ﬂy w\S"’a‘O‘Q ( Tulo) cloge + o)

Cxpey et | “wnshble” wodg + many  Shbe podes. .

Wmug @Uﬁ) \Q\,) n Zghm +.4) ] eikx

¢ “.&:3) wrine L b

O'\\y 'h\o. h‘°§+ qp\g-h\,Q MO&Q Md“'l/ﬂ?. Q—-a"‘o\'“u)

4
At = 20" AT — < IME —plaln 4
—
I"'\('w) )(«6‘\’ (_vMP\Aj"\“"W\ ot re“’l"bc

]"3"(« —Tles 0" k(@ @C) o k S

T
me’) \JUS\' oV 2 on fet 0": ""S‘)-(“Ll {7/
£ «>0 (s’m,)la'\’ 5..@,35...) © e Small §

';\Tcwl—«o wh 2Kk S MY <(A1Y Sc«""ﬂv

» [ 23 W
C,obd';'\h-owg ""ch"\ sitan S

H; x<0 [bu."' (5?27'.
Aiar0= LKA« A - BlAs
G \a=o o BIMF T - 28K



2 ) .
" lM’Z.: E\ i\llﬂl t 8Bk£ ey

28

D&/A am, €5 of A’U:) ?
. tast. J>O

@ S ]p(\

55 <44 ) ay
_- Qe .

3 ey SHHTIHY noetashabilch,”

“Vu‘H -\ (ke” d‘:\jl\m\,\}os of Poisewille v & 5171
5 undovefood  as “me“'n\S('v\l,;(”-Yl' b GL?_,'gooﬂ.




