MoaenuposaHue npoueccos TepnoobmeHa B
BO3AYLWHOM NOTOKe, HecyllemM Kanau Haa B3BOSIHOBAHHOWU
BOAHOU NOBEPXHOCTbIO

O.A. [pyxuHuH
WHcTuTyT npuknagHon ¢ usmku PAH, HuxHuia Hosropoa




Data on droplets generation by the wind (Andreas et al. 2010, JGR)
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Lab experiments

Komori at al. 2018) (Fairall et al.,2009)
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FIG. 6. Snapshot of droplets dlspcrsmglovc.r breaking waves at 10 10° 10°
Uwp=47.Tms . radius [Llf'l‘l]'
Typical high-speed video i e i :
sy?*aca dtogyl\e?rz <hed b oa rI:r(']egakis:ouc?\?e Droplet volume concentration for
pray drop Y J ' wind speed 16m/s at different heights
A s above the water surface (in cm)

IAP RAS Lab experiment
(Troitskayal et al.,2017)

Bag-break-up fragmentation mechanism
is mainly responsible for spume-drops
generation




Momentum, heat and moisture exchange between air and sea-spray
drops
q - water vapor density
T, U, - air temperature and velocity

T,- water surface temperature

T4,V4 droplet femperature and velocity N
U, - local air velocity Qm Vd"Ua Momentum

Qs"’Td-Ta Sensible heat

Q,~q-9.; Latent heat
(’LVAmd)

—

~——

Water surface



Filed experiment during typhoons "Skip“ and "Tess"
(USSR, 1988): cooling of the air boundary flow

Tsea“ Tair (K)

0 4 8§ 12 16 20 24 28
Wind Speed (1mv/s)

FIGURE?2 The marine boundary layer cooling associated with strong winds in two tropical cyclones,
shown as a scatter diagram of observed air-sea temperature difference plotted against wind speed (Pudov,
personal communication, 1991).

(From Fairall et al. 1994)



Phenomenological models

-Bulk algorithms (Fairall et al. 1994, Andreas et al. (2015): evaluate
sensible and latent heat fluxes by summation of contributions of
individual droplets by considering the differences between the initial and
final droplets temperatures and sizes

-RANS models (Kudryavtsev & Makin 2011, Bianco et al. 2011):
consider Reynolds -averaged (RANS) equations where the impact of
drops on the air mometum, temperature and humidity is modeled by
source functions obtained by closure assumptions.

Lagrangian stochastic models

Edson & Fairall (1994), Mueller & Veron (2014), Troitskaya et al.
(2016): numerical simulation of the dynamics of individual drops in a
prescribed mean air flow field and turbulent fluctuations of the
surrounding air fields modeled by an artificial stochastic component.

Direct numerical simulation

Druzhinin et al. (2017,2018), Peng & Richter (2017, 2019): Solve
primitive Navier-Stokes equations for a turbulent droplet-laden
boundary-layer flow taking into account momentum and latent and
sensible heat exchange between air and droplets.



Objective

To perform LES of a turbulent, droplet-laden air flow over
waved water surface and investigate the influence of air and
water surface temperatures on momentum, sensible and
latent heat fluxes from droplets to air.

Two sets of boundary conditions for air and water
temperatures are considered:

"Tropical Cyclone”: T, = 27°C, T, = 28°C
"Polar Low”: T, = -10°C, T, = 0°C

Humidity H, = 80%, H, = 98%



Schematic of numerical experiment

c=0.05 - wave celerity

ka =0.2 - maximum wave slope
Domain sizes: L, =64 L, =414 L, =41

Re= % _q0f - bulk Reynolds number
| 24




CURVILINEAR COORDINATES

X =& —aexp(—kn)sinké
Zz =1+ aexp(—kn)coské

1
Shape of the water surface:  Z,(X) = acos kx+ > a’k(cos 2kx —1)

- tanh ~
Mapping over n: =0.5/1+ -1.5<n <15
PPITS ne ( tanh 1.5)

Grid of 360 x 240 x 180 nodes is employed



GOVERNING EQUATIONS: AIR FLOW
Eulerian framework

+ ———+ — ,
ot OX; oX; Reox;0x; 0X;
Continuity U
J
=0,
OX;
2 T.q
Temperature a(T,q)+8[(T,q)Uj]: LN (T,q)_f?f,-
Humidity ot OX; Pr. , OX;0X;  OX;

ou, OoU.
Subgrid closure Tilf =—vt£ L+ J), a7 :
(Sullivan et al. 2008) OX;  OX

1/2 1/3
Vt :Cke |1 I :(AX].AXZAX3) .

U
Subgrid TKE 5e+a(u,-e) = [6Ui +8Uj)+25[vt 8ej

ot OX. 2



Air velocity, temperature and humidity mean

profiles
U, Ty
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Predictions by Monin-Obukhov

similarity theory
with roughness scales

by TOGA-COARE algorithm

(Zeng, et al. 1998)
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Droplets Lagrangian dynamics

Coordinate dr” _yn
dt |
. Uur"-v"|d,
Velocity N L) (14 045Re = grs,,  Re, =LY
dt T, 1%
JT droplet Reynolds number
Temperature M, " =-Qs —Q_, Y 42 U p.
dm, i © 18v A p,
Mass dt R droplet relaxation
Time
DRl ie-all " = 27, pyxd, (T, —T (r"))(1+0.25Re?®
sensible heat flux Qs = 27C,pulc ”( " ( ))( " )

oroptrtoar QI 20La, (i, - (1)) (L0 25RE)
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TC

Droplets trajectories
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TC PL
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TToTokn 9BHOrO U CKpLITOro Tenna OT kKanenb K Bo3Ayxy, Qs u Q,
CyliecTBeHHO 3aBUCAT OT b6ankosbIX TemnepaTtyp NOBepXHOCTU BOALI U
BO3AYyXa:

- B ycnosuax Tponuudeckoro uuknoHa (T,=27°C, T,=28 9C) Q<O,
Q. >0 - Menkue KanAM OXNAXAGHOT U YBNAXHAOT BO3AyX, a
HeHysleBOU BKNAA B MOTOK 3SHTANbNUU AGHOT JNUWb KAnSu C pasmepom
6onee 200 ym 3a cyeT Ux uUcnapeHUs;

-B yCnosuax nonsapHoro uuknoHa (T, = -109C, T, = 09C) npouecc
ucnapeHua Kanesib NpoTeKkaeT CylecTBeHHO MeHee WHTEeHCUBHO,
Kannu ¢ pasmepom 6onee 200 ym AaaroT HeHynesou BKNaA B MNOTOK
SHTANBNUU U HArPeBaOT U YBAXHAIOT BO3AYX.

B oboux cnyvaax notok 3sHTanbnuu E=Q.+Q; nonoxurteneH, w
CyWeCcTBeHHO BO3pacTaeT C yBenuyeHuem ckopoctu Betpa, Ao 30% wu
50% npu U > 50 m/s oT TypbyneHTHOro nOTOKa 3HTAsMIbAUU
NOrpaHCcNos B yCnoBuax TPONUYECKOrO U MOSIAPHOIO LIUKIIOHOB.
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