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KOHERENTNI STRUKTURY

Kinematika proudéni
Rozhodujici je deformace castic tekutiny

wi(xj +dxj,t): wi(xj,t)+ Z;VJI dx ;

tenzor rychlosti deformace:

aWi 1 8Wl- ow Jj 1 aWi ow Jj

—t=—| L |+ L =5+
ox;, 2\ox; ox;) 2\0x; Ox s
s, symetricky tenzor rychlosti deformace;

y

r;  antisymetricky tenzor mistni rotace Castice jako tuhého télesa.

Fundamentalni véta kinematiky
1. Helmholtzova véta
wl.(xj + dxj,t): wl.(xj,t)+ $;dx ; + rydx ;

Kazdy pohyb ¢astice 1ze rozlozit na translaci, deformaci a rotaci.

ViFivost (souvisi s rotaci):

; :5ijkawk:r0tw:VxW
J
kinematické viastnost proudici tekutiny;
charakterizuje zpusob deformace Castice;
dana lokalni nerovnomérnosti proudového pole, je jeji mirou;
je prostorova,
pole vifivosti, virové ¢ary, virové trubice;
je vazana na urcitou ¢astici tekutiny;

rotace N-S rovnice:

a—w+(WV)W: 8—W—W-rot W+grad(1w2j = —le+VV2W+lVV2(VW)
ot ot 2 yo, 3

v

pro vngjsi sily konzervativni, nestlacitelnou tekutinu dostavame:
ow
4+ (V) - (V)W =vAw
Helmholtzova rovnice
r={a-dl =[o-ndS
c s
Pro nestlacitelnou, barotropni, nevazkou tekutinu:
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dr
“ 0
dt

Kelvinova véta: byl-li pohyb v ur¢itém okamziku nevitivy, ziistane jim nadale.

Pro virovou trubici o prufezu S :
d

—p@dS =0

dt’s

2. Helmholtzova véta: tok virovou trubici je konst.

I" je intenzitou virové trubice,

virové trubice (nebo vlédkna) se pohybuji jako materidlové plochy s tekutinou
3. Helmholtzova véta.
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Dynamika virovych struktur

Biot-Savart
T 1
Ww=—| —
A L3

dr <7, szfS@dS‘

Idealni vir

a) unbounded UAO b) free-surface

-
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Figure 16.4.1 Axisymmetric vortex flow. a) Unbounded and b) Bounded by a free surface.

uez—m pro r >R
_la(rug) Uy ou, r B r 0
r or r or 2mt 2wt

Virové vlakno

e 2D
}’2
W= L 1—6_4"’
27r

Ing.Véclav Uruba, CSc



w

Tstav termomechaniky AVCR

)

Is

27r

Burgerstv vir

u=-—Ar, v=L l-e
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difuze vifivosti
vazka difuze
protazeni
koncentrace vifivosti
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Rozméry virovych struktur

prumér viru [10" m]
n
-10
-3
-2 az -1

O0azl

2az3

5az 6

6az8

druh viru

kvantované viry v tekutém heliu

turbulentni viry

v prirode: viry generované leticim hmyzem, popf.
padajicim listim,

v technice: vétSina tzv.sekundarniho proudéni

v kanélech, lopatkovych mfiZich, koutové

viry, ¢elni viry,

mensi viry v pobtfeznich vodach, fekach,

viry vznikajici pti obtékani objektii (napt.budov) v
atmosférické mezni vrstveé, popt. pii pohybu objektl
(napt.lodi, letadel, vlaki),

ptizemni viry termického ptivodu, viry vznikajici pfi
nasavani vzduch proudovymi motory pii startu, viry v
sacich otvorech vodnich turbin

geofyzikalni viry (napt.pti vulkanickych erupcich), viry
v mracich a termickych proudech,

viry v pobieznich moiskych vodach,

hurikany (a~ 2. 106), viry v Golfském proudu, cirkulace
v atmosféfe a v mofich,

konvektivni cirkulacni proudy uvnitt Zemé&

planetarni atmosféra

velké Cervené skvrny na Jupiteru, sluneéni skvrny

podle rozméru hvézdy rotace uvniti hvézd

svételné roky
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Skutecnost: vliv VAZKOSTI — neplati Helmholtzovy véty — interakce
virovych vlaken JE MOZNA:

Obr. 2 Interakce dvou paralelnich virovych vlaken s opaénym smyslem rotace
(spojovani, pfemosténi)

j 9

Obr 3 Interakce dvou paralelnich virovych vlaken s opatnym smyslem rotace
(opétné uzavfeni viaken)
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Obr. 6a Sdruzovani vird se stejnym smyslem rotace
Na obrazku jsou vyneseny &ary konstantni vifivosti v rliiznych ¢asovych intervalech
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vysSi Re - vliv vazkosti
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Virové krouzky
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Figure 4.4.2 Some common geometries of vortex ring generators. (a) Orifice opening. (b) Tube
openings (here D, = D,) (1) § = x/2 and (ii) § = 0.

Negative vorticity
T S
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Figure 4.4.6 Velocity profile at the exit of the nozzle. (a) at the beginning of the piston motion.
(b) at a later time.
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simulace vyvoje viru
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Figure 4.4.4 Computed behaviour of inviscid cylindrical vortex sheet formed at a tube opening

(reproduced with permission from Nitsche and Krasny (1994)).
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visualisace

(a) t=0.21s (b) t=0.63s (c) t=1.04s

-

(d) t=1.66s (e) t=2.28s (f) t=3.31s

Figure 4.4.3 Different stages in the formation of a vortex ring at a tube (reproduced with permis-
sion from Didden (1979)).

Ing.Véclav Uruba, CSc

11



®.
o Ustav termomechaniky AVCR

(a) (b) ©)

(d) )

Figure 4.4.1 Sequence of photographs showing the formation of a laminar vortex ring and its
subsequent development. The Reynolds number is about 1500. Note the formation of an azimuthal
instability and the resultant formation of a turbulent vortex ring in (e) and (f) respectively
(reproduced with permission from Didden (1977)).
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Prostorové chovani

(a)

~

Vortex filament

Direction of motion
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Figure 4.4.10 The motion of an elliptic vortex ring. The sketch (2) shows the deformation of the
elliptic vortex filament. Straight arrows indicate the direction of motion of different parts of the
ellipse. (b) shows the oscillation of the vortex filament in side view.

(a) (b)

Figure 4.4.8 Azimuthal waves on a laminar vortex ring. (a) shows the waves at an early stage of
%Ig}v;;n) and (b) shows the waves at some later time (reproduced with permission from Didden
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Interakce virovych krouzkt
+
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Figure 4.5.3 Schematic diagram of the leap-frogging of vortex rings. (a) shows the rings before
significant interaction has occurred and (b) shows the effect of the interaction.

DIRECTION OF VIEW
SHOWN IN FIGURE 4.5.5

Figure 4.5.4 Schematic diagram of the collision of two rings at an angle.
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Figure 4.5.2 Head-on collision of two vortex rings (made visible using colored dyes in wa-
ter)(reproduced from Lim and Nickels (1992)). Note the instability and the formation of small

rings.
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Figure 4.5.5 A series of front-view photographs showing different stages of the collision c:f two
vortex rings st an angle. Note that each resultant ring contains mltmyl from l:fut.'h the ong:.:}nl
rings. The viewing direction is shown in Figure 4.5.4 (reproduced with permission from Lim

(19889)).
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Praktické priklady

Lopatkovéa mftiz

5

Beamn  —
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gelni viry

Obr. 24 Zjednodu$ené schéma virG v lopatkové mfizi
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Zaktiveny kanal

Obr. 10

Sekundarni proudéni v kolené. Vznik 4-virové struktury

De . 107
2 - virova oblast
6 i — — ///
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i 2 - virova oblast
]
1 10 100

R/D,

Obr.11 Hranice oblasti 2 a 4 vird v zavislosti na Deanové Cisle a R/D,
(R je polomér kfivosti, D, je hydraulicky pramér).
Sestaveno podle publikovanych dat (Skvor, 1997)
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Interakce paprsku s proudem
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