PHYS 7810
Hydrodynamics

Spring 2024

Lecture 16
Phenomenology of turbulent flow

March 7
V‘Q(«ll" ‘\lgl\ RQ/‘/'\b\Ag V\,'M/v\ll)(/ 'F(OW @5)‘:
= Viy, L+ .
@ - *Yp YP / SW Gn |hS'\KL' ll f\/ ‘F”"\'\
v

Sh\oo‘h\/ (&W\;‘vf —ClD\N "l’b
"krl.:h\Q.\'f —H;w = Chaghe mulhi~scde flow

€/ ¢ sall ersush longTl
K, .~
\4\“ /D Q \Leﬂ:

visLows effeckS Odonnate
vortex feddy  splids intd  gmaller L smaller eddics. - -
dirgct  Cascade - '(nJu:\’ sy @ \avag (,e.\,\&% fa\al
tvgy  flows d small Lol scels.

We dm't have  rigoros Aheory Jor oFfeckive descriptio
Cron - okm\ic) ok prbalny, — cow-\-n,nsf



s qrehiv 2 U“"’V\p‘c T wake  be hind (.\I\mlef‘

o
m /@E@[&o N O@*’bao
-

I - -
R ~| ¢~\ 00 (e
l am (har het hrlovtlerd’ f"uvﬁk“lu’r.

J/ onl s "(.MI

quv\'u,\ or VLS]MG': Can \YSe BOMMWY [aYUf ’h\e,ov‘)' (\2,(, H)

1
Corvrechon Jv,x »§ VYJ

Tar From cyl’:kar LV F VY, Sv,x
Q‘CN‘L— Fur Frn oy linder
V, 2 v, +S\M" = va\}‘s\,

- '1'/4-(\,7(/\/0) Lo cylinder
E'Kpllcl‘} S'blk’b'bﬂ; J ﬁ')(»@ dg_q, n W \"(

Y 2
' O/ Godius) - ppro X

‘MQ{)M‘bD"\ c,01\5+ TBD Va.\ A
Eotimale drig fra /o M\n;

F‘X - = 0‘ A=Mom,
hon. carried = Ay [T, 2-0) = Tpx (1)

=P by [ -t g fiy B0 = 2
- -7



fo -introduce o\r‘mj coefficiatr (lec 14) 0 G

F' ~
Gv 2 S0 Gy
Ve UL . N
X eylirdr radivs ©
\)5Mlly/ we Q_xru)r af &1 Llaminer) | Cb"' “\(Z % ,;TL
S
Fx"’ I{PV:’R' ‘_& Cy bnder
F ~ 4L | 4 (Sho kes' Pq"‘d")
x ~ 7PV x T~
03 '-7':10

Whad K cbulest ? 'y bacKavrou
‘\ YPU\S -cor “'\Al) eh QW \Olﬂ &cka ‘[S“"ﬁ“ pcrf

\I\I&O\K M\;M((V\CQ_ uvprox.('“m\'l.af\ . \/l - .\7"(5)‘(' JVi L{:) 'X)

&shh's%»'u.ur
Expaml Nayier —Stokes 1 fv: ﬁﬁi@ oven
vi%ivi e 2o
T Vi + 9_:;, + '()J W): vy,

Y Nefe incompresitle %8 =0.

PNMQM o,ow_gg\'iuv\ - 7 d-b\,m,\&s oh ?\7/ UV depend o
"‘Wk‘owlﬂk‘\— JV...

Shegy 1 EM 4o b 7

T o %P
Svk[vj v + —'-p—] - ka voidi Vi  + (ek)




C—

gv gv B [vi JVJ 'Q,'Vd' VkaJ VJS‘ 3 v: Svk
5 ?;J Sv; 2t
+ T T  t }\SL£VJ‘5V,‘SVK) v [ ]

Solvq_ {07‘ _\7/ K‘L, E—vq?’/ anhil i ¥ oo m\uoyiuj.
Y%[nfsad‘ o kinebic Yeory (B%GK\() (e 217)

-

Shra ‘\'Lﬁ\f - ?k%ONMo\oj\/ g Jv-, &,j - ,Vt(_?’jVj +2;71)
t‘\a\-\,\,\r\aul&’)’

vi§cos)
Vy ~ [(Flow siue) ® [velociy scale]
Assume v, 5 ... 2rcoding  mulli-seele @Ay dyn anics intd .
Lafure o woke:
Wt Sv, (y=9,x) = Sv ()

—7 g\ "
O = l”“ .
" TI'\U\ Vk ~ Sva(ml'w('x)_
—YL/*LVB"/VO)

B\/ C_o\léla(o\l'il\j d‘lf“j ‘FDYC,Q,'\
P = fiy LTl ) “Tulon o) 2 g ~ oy -89

mg-"aw\’ ‘ — Ye

ES “'.“\'\6»'\_?. L\/ Xw\u\(i ohul CAV\A‘\,S‘S: V’o ~ VoK . C’D



CAM‘;V;»-«-, widt  of  wucke in laminar s, ok lent

v X

B3 o [%~ (G
"’W(«hm

dine Bl it weke mud wger,

)¢

Eo\hm‘mm&: hotuled  (ake “oucks in anbient Fluid (o Hwo

Kolmojorov (_144',) (g sa\ihj '}'l\e,or‘y -Fov- ]so‘l'r»‘,ic/ Aurr ven
S bulucy,
Mredt cafcude
/Q Maves e’hwﬂ)’ lh+b

V) v,

J q
Conhi AW ow&‘y shr
@ (Mjﬂ scales

WV

S’{T»H$HC(»| S“’Q&\Ay S‘i’q‘\'@’- ‘RJ£C“'€(X U\Qfgx, @ \M@Q SCQJLS-")
‘l-(:‘ou ] \"l k-S"hCﬂ. 'FY'ON Sy\,\au k ‘ﬁ ‘ﬂ.ﬁjc k

1
Lt uwlk) = ja’s] S(3l-F) = <V 9(3)) ~ SR

Dimenciona|  ana \\/ iy:

[w]< L . O] [ O e LDk
% v L n ]
EL] [ Sm ot ] EL]Z ll]g = i

«
Dostuldre: %\'i “ . F

- ¢
bl hz‘ss L7 1= -I‘W (%)



I N [ R (%
S ENE P f (2 e s

) 4 —(\
e Er% ¢k Jw(svm\%—w &

-

Ovvr w\wﬂ' V‘ngg of sealls o ed,d{(S oXisT
ih o« vrh wlowt 'Hok\:;‘@“\

DQ:(’I-/\Q, L‘(\‘F(,C‘HV& EQ.YP\QLAS aymbe r AT scale k:
@\(k) ~ k_iv (k) & NOT Founier Trun’

%\, d\inwsiwa’ am‘xlgns/ U<) Lk)
Sv  RCk) ~ \/3 R
'V k g
Turbilt Flow shyp af Kuge  whr Blkig) ~)
J/ 3 \ig
k~ (5

IniHal £low has fLQ.Yv\oMS OZD

\4/3
Ro k —-3/4].
- ?rg } Lot VL R

May lﬁq&



