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MHUKPO®PU3UKA IOTPAHUYHLIX CJIOEB ATMOC®EPBI U
OKEAHA ITPU CUJIBHOM BETPE U EE POJIb B IUHAMMUKE
N TEPMOIUHAMMUKE MOPCKHUX IITOPMOB

[TosiBeHMEe UHTEHCUBHBIX OBICTPO PA3BUBAIOIINXCS yparaHOB B MOCJEAHEE BPEMS ICHO
MOKa3aJi0 HEOOXOIUMOCTh YIIYUIIIEHHUS] MPOrHO30B MX MHTEHCHUBHOCTH, KOTOpasi HamOoJiee
YyBCTBUTEJIbHA K TPUMEHSEMBIM MOJIEJISIM B3auMOoiecTBUS aTMOocephl 1 okeaHa. OcoOeHHO
CJIOKHBIMH SIBJISIFOTCSL IPUPOJA U BIUSHUE CaMbIX MEJIKOMACIITAOHBIX SIBICHHUM, TaKUX, KaK
MOpPCKHE OpbI3TM U IE€HA, KOTOpblE, KaK MPEeANoiaraercsi, CUIbHO BIMSIIOT Ha IOTOKHU
KOJIMUECTBa JIBMKEHUS W TeIJla M3 OKeaHa B arMmocdepy Ipu CUILHOM BeTpe. B 310
COOOIIEHHUH 51 PACCKAXKY O TOM, KaKoW mporpecc ObUT IOCTUTHYT B MOCJIEIHEE BPEMSI HAMU B
MMOHUMAHUU U ONMCAHUU 3THUX «MUKPOMACIITAOHBIX» MPOLECCOB, UX (PU3HMUECKUX CBOMCTBAX,
MOTOKaX BO3IyX-MOPE, CBA3AHHBIX C OpPbI3raMy U MEHOM, U UX BIMSIHUN Ha PA3BUTHE MOPCKUX
ITOPMOB.

OTtrnpaBHOM TOYKOW ISl ITUX MCCIIENOBAaHUMN OBUIM JBa JaOOPATOPHBIX SKCIEPUMEHTA.
[lepBblil HapaBIIEH HA UCCIIEA0BAHNE MEXAHU3MOB 00pa30BaHus OpbI3T IIPU CHIIBHOM BETpE.
Ha ocHOBe BBICOKOCKOPOCTHOI'O BHUJIEO, MBI IIOKa3alad, YTO JOMHUHHUPYIOIIUM MEXaHU3MOM
oOpa3oBaHMsI OPBI3T SBISIETCS ApOOJIEHUE MO TUILY "Mapaior”, U3BECTHOE paHee B IPYyroM
KoHTeKcTe. Mcxoas M3 mepBbIX NPUHIMUIOB CTATUCTUYECKOW (PU3UMKHU, MBI pa3zpadoTanu
CTaTUCTUYECKOE ONMUCAHWE ITUX SBICHUW. BO BTOPOM DKCIEPHUMEHTE HCCIEI0BAIOCH
BJIMSHUE TI€Hbl Ha KOPOTKOBOJIHOBYIO YacCTh MOBEPXHOCTHBIX BOJIH MU OOMEH TEIJIOBBIM
UMITyJIbCOM B TIOTPaHUYHOM cJI0€ aTMocdepbl Npu CuiIbHOM BeTpe. Ha ocHoBe »THX
pEe3yJbTaTOB MBI MpELIaraéM IMPOCTYH0 MOJENb a’pOJAWHAMUYECKOW M TEMIIEpATyPHON
IIEPOXOBATOCTH U BUXPEBOM BSI3KOCTH B TYypOYJEHTHOM MOTPAHUYHOM CJIO€ HaJl YaCTUYHO
MTOKPBITON IEHOM BOJHON MOBEPXHOCTHIO.

Oxkazanoch, 4TO CHHEpPreTH4ecKuil 3(PPEeKT MeHbl Ha MOBEPXHOCTH BOABI M OpBI3T B
MOTPAaHUYHOM CJI0€ arMoc(epbl HaJl MOPEM TMO3BOJIAET OOBSCHUTH HaOII01aeMble
OCOOEHHOCTH TOTOKOB BO3JYyX-MOpE€ B IITOPMOBBIX YcCIOBHUsAX. PacueTrel B pamkax
HETUJAPOCTATUYECKON OCECMMMETPUYHOW MOJENIH MOKAa3bIBAIOT, YTO YYET «MUKPODUIUKI»
B3aMMOJICHCTBUS BO3AYX-MOPE 3HAUUTENIBHO YCKOPSET Pa3BUTHE OKEAHUYECKOTO IITOPMA.
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MICROPHYSICS OF THE AIR-SEA COUPLING AT HIGH
WINDS AND ITS ROLE IN THE DYNAMICS AND
THERMODYNAMICS OF SEVERE SEA STORM

Showing the record strengths and growth-rates, a number of recent hurricanes have
highlighted needs for improving forecasts of tropical cyclone intensities most sensitive to
models of the air-sea coupling. Especially challenging is the nature and effect of the very
small-scale phenomena, the sea-spray and foam, supposed to strongly affecting the
momentum- and heat- air-sea fluxes at strong winds. This talk will focus on our progress in
understanding and describing these "micro-scale™ processes, their physical properties, the
spray and foam mediated air-sea fluxes and the impact on the development of marine storms.

The starting points for this study were two laboratory experiments. The first one was
designed for investigation of the spray generation mechanisms at high winds. Basing on high-
speed video we identified it as the "bag-breakup” mode of fragmentation of liquid in gaseous
flows known in a different context. From first principles of statistical physics we developed
statistical description of these phenomena and show that at extreme winds the bag-breakup is
the dominant spray-production mechanism. In the second experiment we studied the foam
impact on the short-wave part of the surface waves and the heat momentum exchange in the
atmospheric boundary layer at high winds. Based on these results, we suggest a simple model
for the aerodynamic and temperature roughness and the eddy viscosity in the turbulent
boundary layer over a fractionally foam-covered water surface.

The synergetic effect of foam at the water surface and spray in the marine atmospheric
boundary layer on ocean surface resistance at high winds is estimated so as to be able to explain
the observed peculiarities of the air-sea fluxes at stormy conditions. Calculations within the
nonhydrostatic axisymmetric model show, that the "microphysics” of the air-sea coupling
significantly accelerate development of the ocean storm.



