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FIRST ANNOUNCEMENT

The conference program includes invited
lectures, oral and poster presentations

Confersnce site: www.ipmnet.ru

CALL FOR PAPERS

Conference language is English.

Authors submit in electronic form the following:

- Completed Registration form;

- Abstract (no more than 3 pages prepared in
MS WORD, framed by 16x24 cm and spaced by 12 pt.
TITLE OF THE PAPER, authors’ names, postal and
electronic addresses are displayed in bold and italic
according to the template presented at the conference
website;

Abstract book will be handed at the registration desk.
The Programme will contain general lectures
{30 min, including questions), confributed papers
{15 min) and presentations {3 min oral + showing
the poster 1x2 m}

The lecture rooms are equipped with blackboards,
NTSC VCR and PC video projection units.

KEY DATES
Submission of the registration form and
abstracts March 01, 2013;

Notification to authors  April 01, 2013.

REGISTRATION FEE

Regular participant fee is 250 USD.

Student conference fee is 50 USD.

Fee can be paid in cash at the conference desk or
by money fransfer order. Requisites are available
on request.

HOUSING INFORMATION

ACCOMMODATION of participants is available
in more than 500 hotels, hostels and gusst houses
in Saint-Petersburg (site booking.com and others)
and at the University hostel (number of beds is limited).

CONFERENCE CONTACTS

CONFERENCE TOPICS

ODynamic processes in the Ocean and the
Atmosphere: from global to microscales;
OWaves, vortices, coharent structures, turbu-
lence: transport and accumulation of substances
on Interfaces;

Dimpact of physical, chemical and blological
effects on formation of spatlal structures In flulds;
OAnalytical, numerical and laboratory model-
ling of environmental systems and processes;
OConventlonal and novel Instruments;
OEnvironmental and technological applications;
OSpecial young scientists session.

Papers on other related topics are equally welcome.
More than one abstract may be submitted.

Space view on Crimea Peninsula

REGISTRATION

Registration will take place in the main building of
Russian State Hydrometeorological University
starting from June 24, 2013

Professor Yuli D. Chashechkin
Tel.: +7/495-434-0192

E-mail: chakin@ipmnet.ru, yulidech@gmail.com
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Guinea Gulf: Filament structure of seashore currents (space view)
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o e S : A ‘1 The best NASA Photo
4 4% ' “Plankton around the Gotland in Baltic Sea”
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Photo: MASA's image of Entlund which has been compared to Van Gogh's 'Starry Might':

http://www.thelocal.se/42278/20120727/
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Hubble Sees Red Giant U

Camelopardalis Blow a Bubble Radial structure in drying drop
of nanoparticles suspension

Drying drop of quartz nanoparticles s in vodka D = 0.63 c¢m

/imaage feature 2302.html
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Radial structure in drying drop of Menysa “snonckas Mopckas

quartz nanoparticles invodka D = 0.63 cm KpanuBa” B akBapuyme bocToHa
20 Hos10ps1 2012 1.
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TeneBas kapTuHa oO0Tekanus chepel  d =8 cm

M=25

Pacuer KapTHUHBI TCYCHUSA OKOJIO CITYCKACMOTI'O allliapara

I'epacumos C.U., @aiiko F0.1. TeneBoe dororpadupoBanue Begel HOUSG, Publishers

B pacxozduemcs nydke ceeta. Capos, OI'VII «POAL] BHUNUDO.
2010. 344 c.
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BBGI[GHI/IC. ToHKas CTPyKTypa TEYCHUN B IPUPOAHBIX U UHAYCTPUAIIBHBIX YCIIOBUSIX ;
Teuenus, nHAYUHpPOBaHHBIE UM HY3UEH B IPUPOAE U JJabopaTopuu
Pacqu, BU3yaJIn3allusa 1 UISMCPCHUA ITPUCOCAMHCHHBIX BHYTPCHHUX BOJIH

IIepeHoc MapKkepOB B BUXPEBBIX TECUECHUAX

OO1mas Teopust TCUCHUM )KUIKOCTH

TOXIECTBEHHOCTD Hp€06paBOBaHI/II712 COXPAHEHUE CUMMETPUN U YCIIOBUE COBMECTHOCTH;
TedueHust ¢ majioun JII/ICCHHaHI/Ieﬁ: KJ1acCU(UKAIKS CTPYKTYPHBIX KOMITOHEHT,

3aKJIIIOUCHUE

MaKpOCKOHquCKHC ITPOABJICHUS I[GI\/’ICTBI/I}I ATOMHO-MOJICKYJEIPHBIX CUJI

(BCIUIECKH Y 3BYKM IPU MAJCHUU Kameb B AKUJIKOCTbD)

OxoH4YaHue:

KOHICNIINU «ABUKCHHUC» N «TCUCHUC) - I/II[GHTI/I(I)I/IKEII_II/IH U N3MCPCHUA



Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

Smoke from Electric Power plant chimney in Yushno-Sakhalinsk on September 19, 2011
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Smoke from Heat Power plant chimney in Yushno-Sakhalinsk on September 19, 2011
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Smoke from Heat Power plant chimney in Yushno-Sakhalinsk on September 19, 2011



Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

Smoke from two industrial chimneys in Yushno-Sakhalinsk on September 19, 2011.



Pacmmpennslii cemunap cooOiiecTa 1a60paTOpuu MEXaHUKH CILIONTHOM cpenbl. Mocksa, PAH, 7 nekabps 2012 .
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The SeaWIiFS image provides a good view of the Sea of Azov.
http://eoimages.gsfc.nasa.gov/images/imagerecords/54000/54054/S2000104100904 md.jpg
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Bua Ha JleHTukynapuc ¢ teppacsl Bunsbl Philippe Fraunie in Gareoult Village, Département de Provence, France
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Unique facilities of the Laboratory of Fluid Mechanics IPMech RAS

Stratifiedtank 7 x<1.2x<1.2 M

2.4x04x0.6 m

Stratified tanks

J.Lighthill, D.Mowbray, T.N.Stevenson UK, 1967
A.McEwan, Australia, 1970

D.Peters, W. Merzkirch, Germany (1976)
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Refraction and dispersion of a white light in a stratified liquids

Foucault knife

Maksoutov thread

Pedpakiimonnoe cMmerieHue

U JTUCTIEPCUOHHOE

YIIUPEHUE U300paKeHUs IIeJIH

Horizontal slit

Optic scheme of stands for Regular hotizontal grating

- - . Vertical
stratified flows studies luminating slit



Pacmmpennslii cemunap cooOiiecTa 1a60paTOpuu MEXaHUKH CILIONTHOM cpenbl. Mocksa, PAH, 7 nekabps 2012 .

Diffusion induced flow on a motionless strip in a fluid at rest

Foucault knife Natural rainbow schlieren method

t0.4. YaweukmH, Jlabopatopusa MexaHuku xxmnakocteun, MMMex PAH



Pacmmpennsiii ceMunap cooOliecTBa 1abopaTopuu MEXaHUKH CIUTONIHOM cpenbl. Mocksa, PAH, 7 nekabOps 2012 .

The diffusion induced flow on motionless cylindrical tube inside continuously
stratified fluid at rest (48 hours after submerging the body)

Convention Schlieren image Rainbow colour schlieren image

T,=105s D=5cm

H0.[.YaweuknH, UMMex PAH

Y N



Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

Diffusion induced flows on a strip of limited length or on a wedge

divo=0; p=py(exp(-2z/A)+s), A =|dInp/dz[™,
1
@+(D-V)D=——VP+VAI)—Sg; p=p00(1—£+8j,
ot Poo A
/9 dp T _2n
§+n Vs =x, AS + 22 Mo = pdz’ "N,
ot A
Length of the strip L{ 5&”: ﬁ S&KS)Z KN—S UN Zx/VN
No-slip and no-flux boundary conditions
Ux‘z:Uy‘ZZUzEZO, B—S} =0 or {é} _iax
n || onj, Aon

The first completely solved 2D problem: flow structures, dynamics, forces, momentum,
transport of substances....—analytic, numeric, laboratory experiment
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Diffusion induced flows on a strip of limited length or on a wedge

L. Prandtl, O.Phillips, C. Wunsch
Stationary solutions

Universal inverse length scale
Y = ( N?sin’ ¢/4vk, )]/4
v (&) =2kgyctgpexp(—yE)sin(yC)

Asymptotic solutions for a short time approximation

S=-2 st IerfC( )COS(p Two different length scale

41< t sz ] _
Vg = i%erfc SIN2¢

2v—

C | 3 G
Zﬁj I"erfc 2\/@_



Pacmmpennslii cemunap cooOiiecTa 1a60paTOpuu MEXaHUKH CILIONTHOM cpenbl. Mocksa, PAH, 7 nekabps 2012 .

Diffusion induced flows on motionless strip in continuously stratified fluid at rest

Fields of horizontal
velocity components

Fields of vertical
velocity components

Q= 0° Q= 10°
2 - - - -2 T : T y T
10 5 0 5 X -0 10 5

L=5cm, N=1.26 1/c

o
&
x
&
o



Pacmmpennsiii ceMunap cooOliecTBa 1abopaTopuu MEXaHUKH CIUTONIHOM cpenbl. Mocksa, PAH, 7 nekabOps 2012 .

« Flow patterns of diffusion induced flows on a strip of limited length

o -5 -0 X

5 .
Stream lines
Z 4

0,5
-0,5 - ’
%% X 195 5 o -5 X

Rate of baroclinic : 1 :

- C Q=VpxV= Rate of mechanical
vorticity generation o energy dissipation

L=5cm N=1256¢" T, =5¢ 0 =10° =120



Pacmmpennsiii ceMunap cooOliecTBa 1abopaTopuu MEXaHUKH CIUTONIHOM cpenbl. Mocksa, PAH, 7 nekabOps 2012 .

Steady diffusion induced flows in the center of a strip of limited length
(numerical and stationary solutions)

O =5°% 10° 20°; 45° L=10cm, N=1.31/c

v./U x10° .
By N Uy =VVN ", 8y =+VIN
' X 0,8
0,6 |
4_
0,4
2_
0,2 |
0
0 I 2 3 468 o 15 30 45 60 O
Profile of longitudinal velocity component at Thickness of the main jet for
the strip center different slope at the strip center

Dash lines are stationary solution
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Visualization results of numeric and laboratory experiments on diffusion induced flows
on a sloping strip
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ObiM 13 Tpyb TennocraHumn B aonmHe KOxxHo-CaxanunHcka 19 ceHtsbpsa 2011 r.
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Unimodal periodic 2D internal wave beams (schlieren images)
m-]ln rad st m—053 mdst

N=1.14rad s1;

Yuli D. Chashechkin
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Bimodal periodic 2D internal wave beams
(schlieren and interferometric images)

L, =6cm  N=lldrads LV:\E/N

Critical angle 0=0 d=4cm

t0.[. YaweuknH, JlabopaTopust MexaHuku xuakocten, UMMex PAH



Pacmmpennsiii ceMunap cooOliecTBa 1abopaTopuu MEXaHUKH CIUTONIHOM cpenbl. Mocksa, PAH, 7 nekabOps 2012 .

Generalization of Stokes Problem — calculation of all roots of dispersion relations
and calculation of all integrals — construction of the complete solutions

zh A9
I~WP AL Coordinate frames:
. Laboratory (Descartes and
' \\\ 2 cylindrical),
et/ & Local (attached to the plane),
// b )\8 e / Concomitant (oriented along

¢ 7 " . wave cone)

Normally and Sliding oscillating source ~ Variables - Salinity, Velocity:

Toroidal-poloidal decomposition V=Vx ez\lf +V x (V X eZ(D)
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Generation of internal waves by a strip or rectangular oscillating on a plane

divo=0; p=py, (exp(-2z/A)+s)
ov 1

—=——-VP +VvAv—5sg;
ot Poo
S
s =K AS + &;
ot A
p:poo(l_AH} A=ldinp/az*, N,= (9%, 1 2T
A p N,
No-slip and no-flux boundary conditions
Ux‘ :Uy‘ =v,| =0, [§} =0 or [é} _1lax
* . 2 on | onll, Aon




Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.
Toroidal-poloidal decomposition

dvv=0 Vv=Vxe¥+Vx(Vxe D)
Governing equations set for auxiliary functions
((%- DA](%—M)M NZALJALCD =0

(3 —vAj ALY =0
ot

((g— DA)(%—VA)A+ NZALJALS =0



Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

Complete solution construction
Expansions for auxiliary scalar functions @, ¥/, S

3 +©

O =e")" | Ak k,)exp(ik G +ik.&+ik n) dk.dk,

i=1 o

W=e " [ B(k, k,) exp(ik,& +ik.& +ik n)dk.dk,

_____.@t : k cosp—K; Slﬂ(p) +kn2
) i 12—1:'[0 I(D—D(k +kj)

xexp(ik,g +ik.&+ik n) dk.dk,

A (K, k) x

Coefficients are defined from boundary conditions



Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

Wave numbers are solutions of the dispersion equation

Dispersion relation of the 8-th order M = Const
3 2
(VKS(kZ +kF ) —io(v+i, ) (K2 +kF ) —o? (K2 +kF )+

JFNZ((ki cosp —k; sin(p)2 +kﬁ)) (ka +%+k2j20

Stokes type solution

(kf+_ﬁ+kzj=o, kai\/'—”—k2 sV = [X 8k = |=S
% 1% N N




/\.

Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

Definition of spectral coefficients 4, B, C —
substitution of solution into boundary conditions

Ak Zsing+k, By )+ Bk 2sin -+, B, )+ Cik, cosp=U,

-A Ky1—-Bk v, +1Cy3=U,

kA (kn2 CosQ—k; B1)+ B (kn2 CosQ—k; [32)— Cik,sinp=U,

+00

U=-"_ | u@me ™= dzdn
4n

—00

B ZkiSi”(P—kgCOS(P Yi = ki COS O + kgSin ()

t0.[. YaweykunH, JlabopaTopusa MexaHuku xuakocten, UMMex PAH
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[IMHaMMKa Nons ropnu3oHTasIbHOM KOMMOHEHTDI
CKOPOCTU XWUAKOCTU




Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

O6onoukn 3D 6M-MoAanbHbIX BOSTHOBbIX MYYKOB —
«MepLatoLme» BHyTPEHHUE NorpaHUYHblE TEYEHUS

N=12s1

R=4cm

o=1.0 S_l

u=0.25cm/s

0 =cm 12 25 38

50
AnddepeHLmManbHblil aHann3aTop — KapTUHa CABUIra CKOPOCTY O Vz/ or



Pacmmpennsiii ceMunap cooOliecTBa 1abopaTopuu MEXaHUKH CIUTONIHOM cpenbl. Mocksa, PAH, 7 nekabOps 2012 .

- ©=03s1
. -1
R=2.0cm & /N =0.3,
ol N =0.6,

2 R < LCI’ [y4kn Nepnoanyecknx BHyTPEHHUX BOJH 2 R > LCI’
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Pattern of periodic internal waves wedges contacting
with conductivity probes in a fluid with variable buoyancy



Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

Propagation of internal wave beams in an arbitrarily stratified liquid

M.S. Paoletti, Harry L. Swinney
Propagation and evanescent internal wave in a deep ocean model
Journal of Fluid Mechanics, 2012. V. 706, P. 571-583. doi:10.1017/jfm.2012.284c

We present experimental and computational studies of the propagation of the internal
waves in a stratified fluid with an exponential density profile that models the

deep ocean. The buoyancy frequency smoothly varies by nearly an order of magnitude
over the fluid depth, rather than being constant or piece-wise constant as in prior studies.
In addition to being non-uniform the stratification is characterized by a turning depth

IS equal to the wave frequency. Internal wave reflects from the turning depth and
became evanescent below.

The vertical velocity fields on the incoming and reflected waves above the turning
depth agree within a few procent with previously untested theory for a
fluid with arbitrary stratification

[Kistovich Yu.V., Chashechkin Yu.D. Linear theory of the propagation
of internal wave beams in an arbitrarily stratified liquid // J. Appl.
Mech. Tech. Phys. V. 39, 729-737 (1998).



Formation of singular components inside the periodic wave cone
with increasing amplitude of the the source oscillations

T, =11.2s D=45cm A=2.7cm @/N =0.68

Singular envelopes and auto cumulative jets in the periodic internal wave cone
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Neutral buoyancy sphere motion: calculations and experiment
1,0

0,5

-1,0 ; . . ; ; ;
0 10 20 30 40 50 60
t, c

3KCMEPUMEHT N =(0.47+0.02)c* R=3.35cm

© N=046c¢*a=0.14 @ Larsen



Pacmmpennsiii ceMunap cooOliecTBa 1abopaTopuu MEXaHUKH CIUTONIHOM cpenbl. Mocksa, PAH, 7 nekabOps 2012 .

Schlieren image of flow around sphere sinking on a horizon od neutral buoyancy,
(D=45cm, T,=79c, H=12cm

a, b) — sinking and first ascending; c, d) and e, f) — formation of the first and decay of secondary
autocumulative jets




Pacmmpennsiii cemunap cooOiecTBa 1adopaTopu MEXaHUKHU CIIONTHOM cpenbl. MockBa, PAH, 7 nexa6ps 2012 r.

h/H —— 1

Oscillations of vertical cylinder (D= 3.1 cm, L =5.1cm), (curve 1) n
and poles of autocumulative jets in two frames: laboratory (curves 2, 4)
and attached to the body (curve 3, 5), (7,=7c, H= 11 cm)
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Soaring sidigs in the internal wave field past cylinder in uniformly stratified fluid

Maksoutov’s
Slit-Thread
schlieren _
method Formation of
Interior
Interfaces and
soaring
Double ara vortices
curves agrle t¥oughs | after the
of internal waves beginning

of the cylinder
motion

Dark curves are
crests of internal
waves

1=5.8

D=5cm,U=0,35cm/c, T=13¢c, Fr=0.14, Re =165
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o

e

R <ty

Bua Ha neHTukynapucel ¢ Teppackl goma ©.dponHn: TynoH, 2008 r.
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Formation of soaring vortices after beginning of motion

-

Maksoutov’s Slit-Thread schlieren method

D=5cm,U=0,35cm/c, T=13¢c, Fr=0.14, Re =165 t = 6!
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Jlentnkynapucel Hag 3gaHnem NCAR (Boulder, Co, November 12, 2012)
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Spiral structure of floating debris In Vityaz’ Bay (Pacific ocean).
Photo O. G. Konstantinov (POl FED RAS).



«BosHBI ¥ BUXPU B CIOKHBIX cpenax» MexayHapoanas mkoia monoabix yuensix. MIIMex PAH, Mockga, 5. XII. 2012 1.

Compound vortex flow in a homogeneous fluid produced by a
rotating disc placed at the bottom of cylindrical container

Scheme of the
rotating disc

Scheme and Photo induced flow

of experimental facility
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W.B. Rogers, MIT, 1858

d) ) e)

Cascade of vortices produced by drop of black ink in a fluid at rest: a-e) — T = 0, 4, 6, 12, 20, 26 s
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Round dye patch produced by droplet of URANIL solution
fallen in the center of the surface trough in the compound vortex
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Spinning of a spiral arm from the patch produced by droplet of URANIL
solution fallen in the center of the surface trough in the compound vortex
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Spinning of filaments from a dye spot of the surface of compound vortex

H=40cMm, 820revo,R =7,5cm: t=1,6,12,145s.



Pacmmpennslii cemunap cooOiiecTa 1a60paTOpuu MEXaHUKH CILIONTHOM cpenbl. Mocksa, PAH, 7 nekabps 2012 .

Structural stability of a dye transport pattern in compound vortex
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Transport of dye and oil inside compound vortex
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Inertial waves in the vortex trough
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Rotation and swirling of a solid marker in compound vortex




R(cm)
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Rotation and swirling of a solid marker in compound vortex
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Rotation and swirling of solid markers in compound vortex

H =40cm Q=500 revo
2D marker
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Transport of a dye from plain free moving floating marker
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Spiral structure of floating debris in
Vityaz’ Bay (Pacific ocean).

Spiral arm formed from Uranil patch in
the surface trough of compound vortex
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Remarks on the Mathematical Classification of Physical Quantities,
by J. Crerg-Maxwery, LL.D., F.R.S.

The first part of the growth of a physical science consists in the dis-
covery of a system of quantities on which its phenomena may be
conceived to depend. The next stage is the discovery of the mathe-
matical form of the relations between these quantities. After this,
the science may be treated as a mathematical science, and the
verification of the laws is effected by a theoretical investigation of
the conditions under which certain quantities can be most accurately
measured, followed by an experimental realisation of these conditions,
and actunl measurement of the guantities.

It is only through the progress of science in recent times that we
have become acquainted with so large & number of physical quantities
that a classification of them is desirable.

HauanpHbiii 5Tan pa3BuTHs (U3MUECKUX HAYK BKIIIOYAET OMpPEIeICHIE CUCTEMbI BEJIHMUMH, OT KOTOPBIX 3aBUCHT H3y4aeMoe
sprneHue. Creayromuil 3Tal COCTOUT B OTKPBITHM MaTeMaTH4YeCKUX (OPM COOTHOMICHMNA MEXIY STHMH BEIMYUHAMHU.
[Tocne yero Hayka MOMKET TPAaKTOBaTbCs KaK MareMarudeckas Hayka. lloaTBep:kIeHHE MCTUHHOCTH 3aKOHOB TpeOyer
TEOPETUYECKOTO OIpPENETEHUsl YCIOBUM, NMPU KOTOPBIX HEKOTOPBIE BETUYMHBI MOTYT OBITh HauOOJEE TOYHO HU3MEPEHBI C
NOCJENYIOEN IKCIEPUMEHTATILHOMN peanu3aleil TUX yCIOBUN U JEHCTBUTEIbHBIM U3MEPEHUEM YKa3aHHbBIX BEJIMYMH.
bnaropaps pa3BuTHIO HayK B MOCJIEIHEE BPEMS Mbl O3HAKOMUJIMChH C TAKUM OOJBIIUM YUCIOM (PU3UYECKUX BEIMYUH, YTO
UX KJIACCU(UKALMS CTAHOBUTCS HEOOXOANUMOM.

Maxwell J.C. Remarks on mathematical classification of physical quantities // Proceedings of the London Mathematical
Society 1869. V. 1-3(1). P. 224-233.
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Fundamental Laws of Conservations and Thermodynamics

ap ap,_ —ov L idiv(pv)=0 v="
ot " OX; =0 P=p ot ( ) P
%erlv(eph](e)):O H = pVV; +P6 Gj;
i + U = pf. ps +d|v( sv+J(S)):P(S)
ot oOx, | at

°P(n)

ot T d"’(p( )) =0 v=p"D PV

D= p T P C E p + boundary conditions: no-slip, no-flux,
attenuation with a distance from a source
e=e(T,P, c)

Definition:
Fluid Flow is transport of momentum supplemented

by self-consistent variations of observable physical quantities
and is described by the fundamental set of equations
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D’Alembert — Navier — Stokes — Fourier — Fick — Mendeleev system
is fundamental set of governing fluid flow equations (complete and self consistent)

p=p(P.T,S) e=e(p, p.T,S;) P=pvV r@=pep(-z/A)

-1
O _ i- =—1c-VoT A=|dInp/dz
9P 4 divpv =0 Ir TYP
ot jS:—KSVpS N=yg/A T,=2z/N
O pV + conventional boundary
ot T (VV)pV ==Vp+pg+uAv+i conditions (no-slip, no-flux,
attenuation of disturbances at
opT infinity distance from the source

Compatibility condition
opS defines the set rank and order
—+(VV)pS =V (k7 VpS)+Q
(W) (1er )+ Qs of the coupled fundamental set

Landau L.D., Lifshits E.M. Theoretical physics. V.6. Hydrodynamics. M.: Nauka. 1944. 646 p.
Muller P. The equations of oceanic motions. Cambridge: CUP. 2006. 292 p.
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J1. . Menpnenees = D. Mendeleeff

1. O6 ympyroctu razos. CII06.: 1875. 262 c. (On resilience of gases).

2. BBenenue u pemakTUpoBaHUE IiepeBojia MoHorpaduu 1. Mohna
«Meteoponoruss uiau ydenue o morome» CII6., 1876. (G.Mohn
“Meteorology or studies of weather™).

3. O conmpoTUBIICHUH KUIKOCTEH 1 0 Bo3ayxominaBanuu. CI16. 1880. (On
drag in fluids and aeronautics).

4. HccnemoBaHue BOAHBIX PacTBOPOB 110 yaelbHOMY Becy). 1887. 520 c.
(Studies of water solutions on specific gravity).

5. Mendeleeff D. The variation in density of water with temperature //
Philosophical Magazine. 1892. V. 33. Ne 200 (S.5). P. 99-132.

Landau L.D., Lifshits E.M.Theoretical physics. V.3. Hydrodynamics. M.: Nauka. 1944,
626 p., 1986. 736 p.

Muller P. The equations of oceanic motions. Cambridge: 2006. 292 p.

Vallis G.K. Atmospheric and oceanic fluid mechanics. Fundamentals and large-scale
circulation. Cambridge: University Press. 2007.
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Continuous groups theory is instrument for comparison of symmetries
for different differential equations

Ten parametric Galilelian groups of point transformations of the complete set
of Fluid Mechanics Equations

p=p(T.p.S)  Adequate form of state equation

X1=0t Xo_yg4= 8Xi Y = ap Shifts — homogeneity of time, space and pressure

Rotations — isotropy of space

Xg = YOy — X0y + VO, — U0y

gtz\
X =| 2+ =5 |0y — X0, +(W+gt)dy —udy,
Xy =[ 2+95
7=| 2+ |0y — Y0, +(W+gt)dy —Viy,

\

Xg-10 =0y + 0y Galilelian transformations
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Claude-Louis-Marie-Henri (M.) Navier.

Mémoire sur les Lois du Mouvement des Fluids // Mém. d
I’Acad. des Sciences. 1822. V. 6. P. 389.

oV O
p——+p(VVV==Vp+pg+urv P +divpv =0
ot ot
Interpretation of negligent P-S. Girard’s (1816) |
Experiments leads C.M. Navier to posing wrong Ev+ L = 0
boundary conditions on 1

Mr. Navier could present his basic principles in form of hypotheses which must
be proved experimentally. However, if common equations of fluid mechanics
are so difficult for analysis what can we receive from this new ones even more

complicated equations?  Antoine Cournot, 1828.

“Useless equations"
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divv =0, p%—‘t’z—Vp+vaV+pg p’=§—u g=VU

Generators groups of shifts

X]_:@t X3:8y X2=8X X4

62
Expansion of Galilelian principle of relativity
Yy, =%20y + %20y —PX2Y0p Yy, = %10x +%20u —PX2X0p
Yx3 = %307 + %30w —PX3Z0p

Infinite sub-algebra of pressure shifts
r —
D'=p+ n(t) Y1 =Y, =7(t)0,
Extensions (boundary layer type solutions)

Z) =2t0; +10, —VO, —2p'd
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Turbulence equations (k—e—t—9)—MoOAenb

divv=0 Poor set of symmetries

%:_Sp_'_aa (VgVi —Wij]"'gi(ﬂ_ X=0t X=07 X:Tc(t)ap
Xi Xj Xj

Xi =i (t)0y. +7%;(t)0,. — %% (t)0
T o G_T_q_ i Xl() Xi Xl() Vi |X|() P
dt ax, Tax, !

dWi' o [ v aWi' 2 c 5 5
it o R __Sijg_cl_(wij __Sijkj_CZ(Pij _—SijPJ

dk _ 0 (v+vi) ok e
dt 8xi Oy 8xi

dqi 0 Vi aqi oT €
- r(L=cyr )Ry — Wi S oy Zgp
dt GXJ- {68 GXJ- ( 2T) T ij OXJ- Cir o oF

de_ 0 (v &) ,, 0T &
dt 8Xi oT 5Xi

E_C a Vt 88 +C E —W%-l‘ng —C i
dt 8aXi O 5Xi glk ' OX; i 62 k
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Linearized form of D’Alembert — Navier — Stokes — Fourier — Fick — Mendeleev set

p(z)zpoexp(—z/A), A =|d Inp/dz\_1 N=\Jg/A T,=27/N

O .
—p+d|va=O P=pV
ot
%LtV:—Vp+pg+luAv+fe JT :_KTVpT
Js =—KsVpS
opT
+ conventional boundary

opS . v4 (KTVPS ) +Qs conditior)s (no-s!ip, no-flux,

ot attenuation of disturbances at

infinity distance from the source

Compatibility condition for coupled of equations defines the rank and
order of the set as well as power of characteristic (dispersion) equation
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HabmnronaemMocTh pr3nUecKUX BEIMYUH
Ha6J'IIOI[a€MBIMI/I ABJIKOTCA TOJIBKO HHBAPUAHTBI -- (l)I/IBI/I‘ICCKI/IC BCIIMYHHLI, 1JISI KOTOPBIX
CYIHICCTBYIOT 3aKOHbI COXPAaHCHM.
JIBrkeHue — rnpeoOpa3oBaHKe MPOCTPAHCTBA B ¢e0s. IIpeobpasosanue
KOH(UTYPAITMOHHOTO MPOCTPAHCTBA B CE0S1 SKBUBAJICHTHO MEPEMEIIICHUIO TBEPJIOTO TEJIa.

Tedenue KUIKOCTH — IpeoOpazoBaHue (U3NISCKOTO MIPOCTPAHCTBA BHICOKOM

pasMCPHOCTH B ceOs1. Habmromaemsl POCTPAHCTBEHHO-BPEMEHHBIE MHTEPBAIbI (PACCTOSHUS
U TIPOMEKYTKH BPEMEHHM ), Macca (IJIOTHOCTh), 00beM, UMIYJIbC, MEXaHUYECKasi U BHYTPEHHSIS
SHEPIusl, KOHIIEHTPAIUS BEIIECTB, MaTepUaIbHbIE U TPOU3BOIHBIC TEPMOAMHAMUYECKUE
BEJIMYUHBI — KOAPHUITMEHTHI ONITUYECKOTO M aKyCTUUYECKOTO MPEIOMIIEHHUSI, CKOPOCTh 3BYKa,
TEIJIOEMKOCTb, . . ..

Kunkas yactuna He uaeHTuguIupyeMa. CKOpoCThb KUAKOCTH — HE HaOIr01aeMa.
OcHOBHOM HaOJIIOAAaEMBIN ITapaMeTp TeueHU — MMnyibce, 3a1alonui  CUI0BOe

JICUCTBUE ITOTOKA HA NPENSATCTBUE U pacxo]l (00bEMHBIM, MAaCCOBBIN ).
Onpenenenue

TedeHune )KUIKOCTU — IMTOTOK UMITYJIBCA, COMMPOBOXKIAONTAMCS CAMOCOIIACOBAHHBIMU

U3MEHECHUSIMU TEPMOJUHAMUAYECKUX MTAPAMETPOB CPEIBI, ONTMUCHIBACTCS

dyHIaMEHTAIBHOW CUCTEMON YpaBHECHUH.

CwMmbIca (1)I/I3H‘IGCKI/IX BCJIMYHUH OIIPCACICTCA CBA3AMU C APYIHUMHU BCIIMYUHAMMU. HetoxnecTtBeHHBIC

HpeO6paBOBaHI/I${ HU3MCHIOT CMBICJI (1)I/I3I/I‘-IGCKI/IX BCJINYH1H, 0003HaYaeMbIX OJWMHAKOBBIMHU CMMBOJIaMMH.
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Landau L.D., Lifshits E.M.Theoretical physics. V.6. Hydrodynamics. M.: Nauka. 1986. 736 p. Part 2.
Viscous fluid. Problem 2. To define motions in gravitational wave on a fluid with large viscosity.

p = const Ny, V2 g (v=on?)
OX 01
oV, __1op 0%V, N oV, Linearized set of singular
ot  p X Y ox2  9z2 pe(;turbed equations of the 4-th
order
ov, __1op, [V, &V, g
ot D 0z ox*  0z°
A", ov, 0V o
o =—p+2u—2=0, o, = R B = Linearized
u =Pk OX " ﬂ( 01 8X) |Z:5 = boundary conditions
2
. g . O 2 .2
2 —i + =4, [1—i J o=1,/gk —2ivk
[ szj vZk?3 \/ vk? vK® <<k J

vk? >> ﬁ m= —ig /2Vk Regular disturbed solution only
§ 79. Sound absorption
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Results
Frequency of waves is a real and positive @ = Re w = oy + kU;cog > O

Theory of PDE with small coefficients at the highest derivatives - singular disturbed equations
distinguishes redlics and sidics. Method of solution is expansions in series
V., p, p~ A expio = Aei(kx‘@t) o=on(k), o=ow(k, Ak) k=k;+ik,

Redlcs (regular disturbed components ) are solutions with imaginary part
proportional to dissipative factors and describe waves, vortices, jets and so on

P = po+8p1+82p21
Vv, p,p~ Aexpi®, Re®>>ImoO, Im® ~v*, a>0

Sidics (singular disturbed components) are solutions with imaginary part inverse

proportional to dissipative factors . They describe thin elongated features, forming sets
of boundary layers on contact surfaces and their analogues in a fluid interior (fine
structure of stratification, envelop(E( of vortices, jets, wakes).

p=¢’ p0+8p1+82p2 , v>0
V,p,p~ Aexpi®, ©~+i, Re®~IMO, IMO~v ¥, y>0

There are at least two distinguished singular on viscosity components,
one is Stokes’ type and second one is before unknown internal type.
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Complete solution of LINEARISED FUNDAMENTAL SET OF NIN-HOMEGENEOUS FLUIID
MECHANICS EQUARIONS SYSTEM is based nn summarizing of dispersion equation ALL ROOTS

A= Z j j a; (kx, ky)exp(l (kzj (kx, ky)z +KX+K, Y — oot)) dk,dk,
J
dispersion equation for basic system is factorized equation of the tenth order

D, (k,®) - F(k,)=0
Factorized singular disturbed roots correspond to extended thin flow components (Stokes type))

- 2 - 2 - 2
D, (k,w)=—1w+vk® D, (ko)=-lo+rsk D, (k,0) =—lo+1gkK

Location of wave field and singular disturbed solutions is defined by Geometry of the Problem

F(k, ) :—D\,(k,(,t))DK (k,(yg)DK (k, ) k2 i kz(/\T +AS)
' ° ArAg
(Dkz COkZ

D, (k,®) — N7k?

+D, (K, ) D, (k,w) = Ngk{ |+ D, (k)

S T
k*=kg +kJ+ki  Kki=ky+kg
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Thickness of Stokes and internal fine flow components

Sst =N +/2/SiNO,,,

2sin O, 2sin O,

(-5

sin2®—-sir12®CO

\

jﬁn2®—sm2®®

Sy = VN, ®, =arcsin(m/N)
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Approximation of nomogeneous fluid: is underdetermined insolvable set
with merged singular perturbed flow components (SPC, sidics).

Two different 3D SPC become identical and are merged into the unique
one, twice degenerated sidics

2 - 212
K (oo+|vk ) =0
Double sidic looks like double boundary layer 4 k2 2 0
(transversal divergence free Isobaric motion) M -

K, —kg\

P ke k2 k-u=0 3§,= 2v/o

Vy = 0, Vy, V 5 -- are independent components of velocity

Large scale periodic
longitudinal motion

k% =0, k=i kK, v:k\?, (v k)
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Hierarchy of fundamental fluid mechanics models

A Fundamental set of equations
10th order, 7 variables, 2 r.d. + 8 s.d.

Reduced Degenerated
composition geometry
8th orde 8th order

6var,2rd. +6s.d.
(multiple roots)

______________ .K
C Viscous fluid
D’Alembert - Navier-Stokes system, 6th order
by density:

homogeneous

4 var,2rd. +4s.d.
(multiple roots)

R —p— (R T S R ———

V..
D Ideal fluid
D’Alembert - Euler system, 2nd order
stratified J homogeneous

5 var. 4 var.
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A few Large scale and rich family of Fine Intrinsic Scales
characterizing set of singular disturbed equations and their solutions

Density © = Oy EXP (— Z/A) A= (d In o/ dz)_l,
Large (Regular) length scales

internal wave length )\, — UTb Size of an obstacle d Lv — «/ gV/N

Fine (Singular) length scales:

o) = V2vIN, &%) = \f2xg TN, 50 =viu 8 =k /U

A>>d >>90,, A>>L,>>5, §,>>3,

Dimensionless parameters — ratios of intrinsic scales: Re, Fr, C, Ar, St, (Pe, Sc)

Re:d/SEJV)=UOd/V, Fr=A/2rd =U,/Nd CA =A/d

A (1) _ OC(T _TO). R(Z)_a(aT/ﬁn) R(g):K‘T a(@T/@n)

AT R T B(sos,) T B(@sien)’ xs - f(0S/on)
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A “New-Year tree” of Double-Diffusive Convection
above point source heat in a continuously stratified fluid
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3aKJIroyeHune

KpynHoMacLuTabHble KOMMOHEHTbl TEYEHUM COCYLLIECTBYIOT C 60raTbiM
CEMENCTBOM TOHKOCTPYKTYPHbIX KOMMNOHEHT, (DOPMUPYIOLLINX
CEMENCTBA BbICOKOrPaANEHTHbIX MOBEPXHOCTEN BOMM3M rpaHuL, U B
TOJLLIE XXWAKOCTEN;

TOHKOCTPYKTYPHbIE KOMMOHEHTbLI ONPEeAENaoT reoOMeTpUto obnacren
ANCCUMALMKN MEXaHWMYECKOW SHEPrnn, reHepaLMn 3aBUXPEHHOCTU U
KapTWUHY NepeHoca BELLECTBa;

TeuyeHns KNAKOCTM — NepeHoC UMMY/bCca, CONPOBOXAAOLLMNCS
CaMOCOr1acoBaHHbIMU N3MEHEHNSIMN TEPMOANHAMUYECKNX
NapaMeTpoB, KOTOPbIA XapaKTepU3yeTCs rpyrnnon ABUXEHUN B
paclUMpeHHOM (PU3NYECKOM NPOCTPAHCTBE 3a4aum ;|

MonHasa cuctemMa pyHaaMeHTaNbHbIX YPaBHEHWI ANst MTOTHOCTY,
UMMNYNbCa, BHYTPEHHEN SHEPIUMN, KOHLIEHTPALMN COBMECTHO C
YPaBHEHMEM COCTOSIHUA U FPAHUYHBIMU YCIOBUSIMW 06pa3yeT KOPPEKTHO

MOCTaB/IEHHbIN, CAMOCOrTaCoOBaHHbIA N pa3peLlnMbIn 6a3nc
MOJIE/IMPOBAHUS, MPEeACKa3aHUs U YrpaB/EHNS TEYEHUAMU;

HoBble 3KCnepuMeHTaNbHbIE U BbIYUCIUTESbHBIE MHCTPYMEHTHI,
METOANKM N KOAbl AOMKHbI O6bITb pa3paboTaHbl Ans
WAEHTUPUKALMN U KPYMHO — M TOHKOCTPYKTYPHbIX KOMIMOHEHT U
ornpeaeneHns CLeHapueB 3BOJIIOLMM KapTUHbI TEYEHWUN.
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[TpurnalueHne

[ns u3MepeHUs 1 pacdyeTa (PU3NIECKUX BETUUMH , BXOASILLMX B CUCTEMY

beH,El,aMeHTaJ'IbeIX ypaBHeHvu7|: M0THOCTK Cpebl, UMMYNbCa N IHEPTUN MEXAHNYECKOTO
ABWXEHWUA, NaBJiEHUA, KOHLUEHTPaLU K ....HeO6XO,EI,I/IMbI nonesble (,EI,I/ICTaHLI,I/IOHHbIe) 7
KOHTaKTHbl€ UHCTPYMEHTHI BbICOKOW TOYHOCTU M BbICOKOTO NPOCTPaHCTBEHHOIO
pa3peleHnd, METOAUKN KOHTPOJIA TOYHOCTU B YCITOBUAX PEASIbHOINO SKCNEPUMEHTA.

KoHTpoJIb TOUHOCTH HHCTPYMEHTOB U METOJIOB HEOOXOAUMO

IIPOBOIUTH B B XO/IC na6opaT0pH51X N 9YUCJICHHBIX 5KCIICPUMCHTOB
Ha MOACISIX U3YHACMBIX ITPOLCCCOB.

3aJa4u CJIO0XKHBIC,
IpUIJIAIIA0 K COTPYIHUYECTBY BO BCeX (hopMax.

IIporpamma PODOU «MoOUILHOCTh MOJIOABIX YUECHBIX)
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Modern experimental facility with hydrophone, microphone and high speed video camera
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Initial contact of the drop with water surface: droplets, streamers, thin circular sheet



Pacumpennslii cemuHap cooOliecTBa 1abopaTopuu MEXaHUKU CIuIonIHOM cpenbl. MockBa, PAH, 7 nekabps 2012 .

Transport of matter form drop into water and in air

Trough and ring with edge shevron produced by a dye drop

oy
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Burst of initial contact :
transport of matter from initial drop by small droplets into water and in air

Formation of cavern with percolating jets
with the head droplet (leading vortex ring?)



Pacumpennslii cemuHap cooOliecTBa 1abopaTopuu MEXaHUKU CIuIonIHOM cpenbl. MockBa, PAH, 7 nekabps 2012 .

EE. N N

Ring capillary waves, splash and a set of radial doubl_e microjets with double filaments
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0.8

Ring capillary waves, splash and a set of radial double microjets with double tail filaments
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—

Flash and wakes of thin jets inside water layer produced by a drop of a ink solution
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Emitting of sound and fluid fragmentation induced by fallen drop
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V. E. Prokhorov and Yu. D. Chashechkin Sound Generation as a Drop Falls on a Water Surface
Acoustical Physics, 2011, Vol. 57, No. 6, pp. 807-818.
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Splash of ink drop in sunflower oil



Pacumpennslii cemuHap cooOliecTBa 1abopaTopuu MEXaHUKU CIuIonIHOM cpenbl. MockBa, PAH, 7 nekabps 2012 .
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Thank you very much for your kind attention
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..bor paznenun Bcro Marepuio, 3aKioueHHYI0 B poctpancTBe AEI (cM. puc. 8), Ha OrpOMHOE YKCIIO MEIKUX YaCTe, IBMKYIIHXCS HE TOJIBKO
Ka)K7ast BOKpYT' COOCTBEHHOT'O IIEHTPa, HO ¥ BCE BMECTE BOKPYT IIEHTpa S, a Bce YacTullbl B mpocTpanctBe AEV npuranuch nomnoOHbIM ke
o0pa3zom Bokpyr neHTpa FI Tak ske Bpamamuch u ocraibHbie. YacTHIBI 00pa30Balid TAKKM ITyTEM CTOJIBKO BUXPEH, CKOJIBKO HBIHE CYIIIECTBYET B
MUpE CBETUII (BIpEeb 1 Oyny YHOTPEOIsATh CIIOBO «BUXPh» Il 0003HAYCHUS BCEW MaTepyu, BPAIIAIOLICHCs TAKUM 00pa30M BOKPYT Ka)JI0ro U3
MOJIOOHBIX IICHTPOB).

Light Echo of V838 Monoceros Star flash
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Theoretical Fluid Mechanics is based on concepts of

Numbers (real, complex, quaternion, hypercomplex...),
Calculation (binary, decimal ...),

3
Sets (manifold), metric space (Euclidian space) R

Motion (is continuous transformation 3D Euclidean space into itself with parameter time t)

Continuum medium (deformable)
Physical quantities characterizing media and their change
Fluid Flows — must be defined

Basic equations + initial and boundary conditions (must
be specified)

OBSERVABILITY (independent measurements of Physical
Quantities by different methods with guarantee estimation of errors)
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Definitions of " Motion”
Configuration space: vector metric, Dim = 3 R3,_

internal and external composition laws, associativity: for any vectors, commutativity

Evolutional space-time, Dim =4 RB, Ct
Velocity (or phase) space, Dim =4 V, t (k, W)
Expanded physical space, Dim = 8 R33 U 3 ct, M

Motion is transformation of vector metric space into itself saving the distance and mutual
locations of objects and is decomposed 0N translation and rotation

or = U dt+rxU dt

-- condition of External composition means that product of any vector
on real number belongs to the same set

Parameters (Invariants) of motions

p:|\/|U E:% I\/I:rxp %zv(veIocity)=U=C;—>t(=c(celerity)



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Theory of flows Is based on conception of a Number, Set, Space and
Continuous Medium

The set - a collection of specific and distinct objects together, conceivable as a whole.

Concept of a vector space.
Concept of a vector space.
Nonempty set for which the operations of addition and multiplication by real numbers is a
vector or a linear space if the axioms hold
Laws of
- Internal composition : sum of elements belong to the set;
— associativity
— commutativity
As well as rules:
— algebraic addition of vectors

-- External composition: for any a and any actual number R element
(R a) also belongs;

— associativity of factors product

— multiplication by aunit 1 a = a;

— distributivity: for any a, b, and real numbers M, N (a+b)=Ma+ MD,
(M+N)a=Ma+Na



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Flows of deformable Continuum medium 3
Deformable continuous media is submerged into configuration space: R

Cauchy-Helmholtz Decomposition of fluid flows:

translation, rotation and deformation of a fluid particle Shear operator connect

OV, elementary constitutions of

OX
! independence of operators of
Motion is transformation of shift and rotation.
vector metric space into itself conserving distance: Additional parameters must
decomposition on translation and rotation be introduced to distinguish
ST = Utdt LrxU dt mCtI.‘IC space with “rigid
P P motion and flows of
Parameters (Invariants) of motions deformable media (density,
B _p-uU _ thermodynamic
P= MU  E-= 2 M =Irxp parameters,...).
. dX . -U
P_v (velocity) # U=—=c (celerity) p — pU E = p—
p dt 2

Bertrand J. 1868, S. Lie (1893)



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

“Prestige” oil spills (SAR image on November 17, 2002)



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012,

Ash plume transport after Cleveland volcano eruption



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.
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Radial structure in drying drop of quartz nanoparticles s invodka D = 0.5 cm



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Japanese sea nettles
quartz nanoparticles in vodka D = 0.63 cm at the Boston Aquarium

Radial structure in drying drop of

http://www.projectnoah.org/spottings/13328059/fullscreen



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Radial structure in drying drop of Menysa “snonckas Mopckas

quartz nanoparticles invodka D = 0.63 cm KpanuBa” B akBapuyme bocToHa
20 Hos10ps1 2012 1.



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Schlieren flow of air around asphere d =8cMm M = 2.5
I'epacumon C.U., @aiiko FO.U. TeneBoe dororpadupoBanue B pacxozsmemcs myuke ceera. Capos, OI'YII «POALl BHUUD®D. 2010. 344 c.




Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

T, =12.5¢c,

U =0.18c™m/c U=041cwm/c

Stratified Flow around Vertical Strip



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Maksoutov’s

Slit-Thread
schlieren method Soaring interface — singular sidic

Sidics in the density wake past cylinder

Blocked fluid visuNized  Tp = 20.15, U=0.1cmis, T, =7.45U =348 cm/s, Maksoutov's Slit-Thread
by density markers Fr=0,072; Re =54 Fr= 082 Re = 1470 schlieren method

Yuli D. Chashechkin, Laboratory of Fluid Mechanics, IPMech RAS



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Accumulation of a dye on the interfaces produced by
moving cylinder in continuously stratified brine

[lepepacnpenenenyue Kpacku B 00J1aCTH OJOKMPOBKHU
(D=76cm; T,=7,0c; U=0,24 cm/c; Fr =0,035; Re = 179)




Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Accumulation of a released dye on interfaces ahead and past the cylinder

t=t/T,=3.6; 5.0; 8.6

o b e —

D=76cm; T,=7.5,U=0.69 cm/c; Fr=0.1; Re =524

Formation of coloured envelopes on a high gradient interfaces inside the density wake.

@ Yuli D. Chashechkin, Laboratory of Fluid Mechanics, IPMech RAS



12th International workshop on the physics of compressible turbulent mixing, July 14, 2010, Moscow

Accumulation of a released dye on interfaces ahead and past the cylinder

t=t/T,=3.6; 5.0; 8.6

D=76cm; T,=7.5,U=0.69 cm/c; Fr=0.1; Re =524

Formation of coloured envelopes on a high gradient interfaces inside the density wake.

Yuli D. Chashechkin, Laboratory of Fluid Mechanics, IPMech RAS




Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Electrolytic precipitation —
visualization of a flow past a horizontally moving sphere
In @ homogeneous and uniformly stratified fluid

D =3 cMm, Re = 350.

JTabopaTopust MmexaHuku xunakocten, NMMex PAH



Cascade of vortex rings produced by a dye drop
(diluted solution of Uranil in tap water) fallen on the surface of a fluid at rest




EXPERIMENTAL STUDIES OF
DYE TRANSPORT IN AROTATING FLUID OR
IN THE COMPOUND VORTEX CONTACTING
WITH A FREE SURFACE -

G.l. Taylor problem reminded by TEXTBOOK
of G.K. Batchelor

Yuli D. Chashechkin, Laboratory of Fluid Mechanics, IPMech RAS



Transformation of ink dye spot into
spiral filament arms on the surface
of fluid with compound vortex




Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

dopma KaBepHBI COCTABHOTO BUXPs B IJIMHIPHUICCKOM KOHTeHHEpe, 40 cM, 7.5 cM: a) — uncTas
Boma 750 o6/muH; 6) — ¢ mobasiaeHneM 30 MII KacTopoBoro macia, 730 00/MuH.




Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Fluid mechanics needs in development

oo Methods of measurements of real physical variables
(momentum, pressure, density...) and checking of
measurements accuracy in real experiment ex
temporo, in situ — supernumerary(excess) method;

ee Methods of identifications of all flow components —
both large and small scales;

ee Theory of continual system evolution taking into
account direct interaction of all flow components —
both large and small scales (redics and sidics).

t0.[. YaweukuH, Nabopatopus mexanuku xuakocten, MMex PAH




Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.
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Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.
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Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Formation o cavern with percolation jets with the head droplet (leading vortex ring?)



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.
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Flash and wakes of thin jets inside water layer produced by a drop of a ink solution



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.
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Jlentuxkynsapucsl Oya3UAMBI
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Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

The first part of the growth of a physical science consists in the discovery
of a system of gquantities on which its phenomena may be conceived to
depend.

The next stage is the discovery of the mathematical form of the relations
between these guantities.

After this, the science may be treated as a mathematical science, and the
verification of the laws is effected by a theoretical investigation of the
conditions under which certain quantities can be most accurately measured,
followed by an experimental realization of these conditions...

...through the progress of science... we have become acquainted with so
large a number of physical quantities that a classification of them is
desirable.

Maxwell J.C. Mathematical classification of physical quantities // Proc. L. Math. Soc. 1869.
S.1-3. P. 224 — 233.

H0.[.YaweuknH, UMMex PAH



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Natural oil spills from bottom deposﬂs In the Gulf of Mexico

http://petesplace-peter.blogspot. com/2009/02/0|l seeps-in- gulf—of—mexmo htmI



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Density marker

for measurement of
— buoyancy period and

— _
= horizontal component
of velocity

\

b

MNm r

N, = Vy/ N, y=r2/2v (r—distance from the marker centre ), T, =6c¢,N=1,05c",
v=0,0lcm?/c. R=0,05cm,U,=7cm/c,r=0,2;0,6; 1 cm,
Re=V,(2R)/v=70, Fr=0,5(V,/NR)=70.



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

Pattern of periodic internal waves wedges contacting
with conductivity probes in a fluid with variable buoyancy frequency



Seminar in the Physical Oceanography Department at the Woods Hole Oceanographic Institution on November 27, 2012.

: L T I S I (N [N N S N N S I N [ S N R
1 | Y
'y 1 1 | A AN ]
N { \ 1 ¥ ! N
© \ | 1 111 | AVEAY! AW A
{ 1 11 | \ PA)
1 \ ] | o
v -
““““ |
[ 8] FE SRy ]
V.Y n Ay | | . . -
. AR I TAUENA Il »
S A AR »
Y SR INEEE IR WAR i
7 vrutr nfrm a arng
________ 5 \17 L T L W a i |
, LY I
%f ) Al - I I
Fi »
1 I
|
|
i AVAY A i\
» I i
1 a
| | |
; I
o 2 OO0 A OO S A G SO SO

Response of point conductivity (above) and velocity of sound (below) on harmonic
oscillations vertical oscillations with constant amplitude and variable frequency (in
center)
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Continuity equation: Jean le Rond D’Alembert:

Réflexions sur la cause générale des vents, Paris 1744,  tide

%ta+d|v(p v)=0  dp=cidp or divv=0

Euler L. Principes géenéraux du mouvement des fluids //

Mémoires de I’Academié royalle des sciences et belles letters. Berlin. 1757.v.11 (papers of
1755 year). P. 274-315. = Opera omnia. Ser.ll. V.12. P. 54-91.. (+ 1750, 1751, 1752)

p(p)(gtv+(VV)vj=—Vp+pg; %0+div(p-v):0 divv=0

“Nevertheless everything that forms the theory of fluids is contained in the two above
mentioned equations (§ 34), so for continuation of the study we need not in new
principles of mechanics but only in instruments of analysis which is is not yet

sufficiently developed for this purpose™.

Euler-D’Alembert paradox



Summer School and Workshop “NON-HOMOGENEOQOUS FLUIDS AND FLOWS”, Prague, Czech Republic, 27-31 August, 2012.

Airborne dust (tan haze) is visible blowing off the west coast of Africa extending over the Straight of Gibraltar in this NOAA-17 image. CREDIT: NOAA

Canary
Islands
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Summer School and Workshop “NON-HOMOGENEOQOUS FLUIDS AND FLOWS”, Prague, Czech Republic, 27-31 August, 2012.
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Summer School and Workshop “NON-HOMOGENEOQOUS FLUIDS AND FLOWS”, Prague, Czech Republic, 27-31 August, 2012.
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