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Kpatkaa ucropus

B  crparudunupoBaHHBIX ~ TedeHMSX  (OKeaHe, arMocdepe) TypOYJICHTHOCTH
NOJAJICPKUACTCSI CIABUTOM CKOPOCTHM M TIOJABISICTCS YCTOMYMBOW CTpaTu(UKaiuen
MJIOTHOCTH.

Knaccuueckuii monxon [1,2] 3mech 0OCHOBaH Ha yCpeOHEHHBIX YpaBHEHMSIX PeiHObACA,
JTOTIOJIHEHHBIX THUIIOTE3aMU 3aMbIKaHUsI KOJIMOTOPOBCKOIO THUIIA,

Ywucio Puuapacona Ri: B kilaccmueckod TEOpHH pa3BHTas TypOYICHTHOCTb MOMKET
HOJIJICP)KUBATHCS M YCUIIMBATHCS TpH ycioBuM Ri < 1, u B psne ciiydaeB pe3yibTaThl
TEOPUU HEIUIOXO COMIACYIOTCS ¢ HaOmoaeHusmMu. OJHAKO BO MHOTMX JAPYTUX CIIydasix
TypOyJEHTHOCTD CYIIECTBYET IIPH TOpa3a0 OOJIbIINX 3HAUCHHAX RI.

CootBeTcTByIOmas MoauduKaysa Teopuu ObUIa MpemiokeHa B padore [3], rTae
UCIIOJIB30BAJIOCh KUHETUUYECKOE ypaBHEHUE Uil (DYHKIUU pacupencsicHus (QIyKTyarun
CKOPOCTH U IJIOTHOCTH. B pe3yibrare orpaHndeHre Ha BeIUInHY RI CHIMaeTcst Booo1e:
SHEPrusl TypOyJICHTHOCTH MOXKET O0CTaBaThCs KOHEUHOM ITpH JT000M KoHEYHOM R,

[1] Mouun, A.M., Sriom, A. M. Cratuctuueckas rufpomMexanrka, 1.1, M., Hayka, 1965.

[2] Rodi, W. In: Prediction Methods for Turbulent Flows, ed. Kollman, W., Hemisphere, New York, pp.
259-350. 1980.

[3] Octposckuii, JI. A., Tpounkas 0. U. 3. AH CCCP, ®u3. Atm. u Oxkeana, T. 23. Ne 10, cc. 1031-
1040, 1987.



General equations
(Ostrovsky and Troitskaya, FAO, 23 (10)1987)
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(u) is the ensemble-average velocity, (p) iIs average density, p’ — its
fluctuations, g — gravity, L is outer scale of turbulence, C n D — empirical
constants, K = 3 (u'?)/2 — kinetic energy of turbulence. The last eq. defines

the potential energy of turbulence:
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Local interactions at given N?and dV/dz
Gladskikh et al, J. Marine Sci. Eng., 11, 136, 2023

If the velocity shear and average density profile are given and
diffusion is neglected, we have local equations for K and P
(horizontal velocity, vertical gradients):

d_K:LJR(de ~N L\/—(l——(l G)j CK™

dt dz L
Y2
CLNENN (1__(1 G)j P

dt
N =/-(g/{p))d {p)/ dz

Here N is Brunt-Vaisala (buoyancy) frequency, L is the
turbulence length scale, G = B, /{p'?) is the anisotropy parameter
(taken 0.5 here), C and D are the empirical constants; here D = C
IS taken.

Richardson number:
Ri = N"?/V_?, where V, = dV/dz —average velocity shear



Transient processes
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Stationary solutions

V 2
K 92 f (RI
« =& T(Ri),
V& f (R
IDst =—%| 1~ ( )
C 2
F(RD) =1 — (4 —3G)Ri + [1 + Ri%(4 — 3G)? + (4 — 6G)Ril>

TheK —¢ case corresponds to General case:
G =1 and the equations are f Dependence f(Ri)

separated. Stationary limits are: 2ol at different G (marked)
V2 15L 0
Kst — 0z (1— R|), 0.5
C 1_0;—
V2 - - 0_5:—
P =-22Ri, Ri<l | oos
C e N B T .

In this case the threshold In. the general case always f < 2 for all
isRi=1 Ri>1sothat K,P>0
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Oceanic experiments

Forryan, A., et al., J. Geophys. Res. Oceans, 118, 1405- 1419, 2013

Th

UK RSS Discovery:

- D306 (AbuccanbHasi paBHHHa,
WIOHBb — HtoJib 2006 1.)

- D321 (Mcnanackuii 6accemiH,
U10JIb - aBryct 2007 r.)

UK RSS James:

- JC29 (nnato KepreiieH,
HOA0pD - flekabpb 2008 1)

D306 D321 Jc29
£ ~— £
—~ 50 50 : 50
B H s
3100 ¢ 100 100 %
}
& 150 150 150
)
200 : 200
10 10 10 10
Wkg™)
N |2
50 s0f -
& :
2 100 g 100
8 Z
a 150 150
200 200 200
10°  10° 10™ 10 10° 10" 107
s (s
Shear Shear
50 50
gwo 100
g
& 150 150
200

a8
I




Theory vs data

Ostrovsky et al., Nonlin. Proc. Geophys. 31, 219- 227, 2024
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Dissipation rate of turbulent kinetic energy

press, dbar

Red-from Forryan et al, 2013
Blue —our calculations
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Effect of internal waves
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Interaction of IW and small-scale
turbulence is twofold: the IW damping
and the action of IW on turbulence.
Here we consider only the latter.

Classical closures, after
lvanov, A. et al. Dyn.
Atm. Oceans, 7, 221-
232, 1983
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Experiment with internal waves
Matusov et al. Sov. Phys. Doklady, 307 n.4, 979, 1989

Fig. 1. Scheme of the experiment. 1 — Water, 2- Freon, 3-Internal wave generator, 4-Perforatef grid,

5 - Wave generator and grid-drive mechanisms.
Fig. 2. Vertical distribution of turbulent energy. 1-3 Theory, 4, 5 - experiment. 1, 4 -Turb. without IW,

2,3, 5-"Turb. in the presence of IW.
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Experiment with internal waves

Moum, J.N. et al. J. Phys. Oceanogr. 33,2093-2112, 2003
Oregon shelf, 2001

01-Oct-2001 2 500

J

¥ T i =
W :.,: i
!-" . - 2 ‘ '
22s
JI Y

22:15 22:20 22:25 22:30 22:35 22:40 22:45 22

12



Profiles of velocity and density near soliton maximum
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Quasi-static turbulence distribution

Left to right: Profiles of Richardson number, Kinetic and potential
energies, and Dissipation rate
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Maximum of dissipation rate is at same depth (about 35 m) as in Moum et al.
(2003), but € here is by an order higher (10~ vs 10°%). This is because the process is

non-stationary.
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Dynamics of turbulent energy

Evolution of kinetic and potential energies and
TKE dissipation rate at different depths
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Transient time (10-15 minutes) is comparable with the half-duration of the soliton

so that the process is not stationary. .



Variation along the soliton maximum
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Concluding remarks

 BoamyweHuna onykrtyaumm nMnAoTHOCTM B CTpaTMdULMPOBaAHHOM cpejae,
CBA3aHHble C NOTEeHUManbHOW 3Heprmenm  TypOYNEeHTHOCTU, MOTYT
pagnkanbHO MEHATb YCNTIOBUA YCUNEHUA N Noaaep>XaHua TypbyneHTHOCTM 3a
CUET 9HEepPrMm cABUFOBbIX TEYEHUM W BHYTPEHHUX BOMH M B pelynbraTe
GanaHc aHeprun B BEpPXHEM CNnoe okeaHa.

« K HacTOAWEMy BpeMeHM HaM MU3BECTHO o4YeHb HebonbLioe YKncno
nybnnkauum, cogep kaLimx 40CTaTOYHO HAaTYPHbIX AaHHbIX A9 CPaBHEHUA C

Teopuen. Mbl HageeMcsa HanT Bonblue.

* Pap pes3ynbratoB B 3TOM o06nactu nonydyeH Agna norpaHUYHoro cnos
atMmocoepbl C.C. SUNNTUHKEBUNYEM (OTYACTV COBMECTHO C aBTOPOM).

 [lpeanonaraetca pa3BUTb TeopuUd A9 WOHochepHOM (nnasMeHHON)
TYPpOYNeHTHOCTU, B YaCTHOCTU, ncnonb3ysa pabotel C.C.Mounceesa.
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