O PACTIPEOENEHWM KOHLIEHTPALIMW KATTENb
BPLI3M B BO3AYIWHOM TIOTOKE HAA
B3BONHOBAHHOW BOOHOW TTOBEPXHOCTbHO

O.A. OApyxuHuH
NHcTutyT npuknagHon ¢ usmku PAH, HuxHuia Hosropoa



Data on droplets generation by the wind (Andreas et al. 2010, JGR)
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Droplet concentration in lab experiments

F1G. 6. Snapshot of droplets dispersing over breaking waves at
Uo =47.7ms .

Komori at al. 2018)
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Droplet volume concentration for
wind speed 16m/s at different heights
above the water surface (in cm)

(Fairall et al.,2009)



Solution for concentration of particles
passively settling over flat surface

Assumption:

Vd - UG-VS
where U, - air velocity, V, - particle settling velocity

Then using gradient closure for concentration turbulent flux

. dc 1 dC K,
|:CUZ :|t __KC % __S_CtKU E wher'e SCt = K_C

and for turbulent air momentum flux in the log-layer
UV, | =-K, Yz

t dn

the solution for stationary concentration profile is found:

%k

C=C,exp(-VU(®Sc /u?) or C=Cn“, w=V,/xu,

(cf. e.g. Kudryavtsev 2006) ( for Sc, # 1 Prandt| 1949, Barenblat 1953,
Toba 1970, Barenblat & Golitsyn 1974)



Droplets
source
profile

Figure 1.
example of a narrow Gaussian specification of (J,, (solid line) at source height k. The source flux term &,
(dashed line) is obtained from (3). (right) Expected normalized nonevaporating sea spray profiles
computed using (13) for z = h for droplets of 31 (solid line), 100 (dashed line), and 310 (dotted line) yim
radms. In this case we have used wu-
value nl(h.r).

Model profiles
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(From Fairall et al. 2009)

Droplets
concentration
profile



Llenb paboTer

BosHukaroT Bonpocer:

- Hackonbko TOYHO npubnuxeHue naccusHO oceaarollen
npumecu «pabotaet AN Kanenb B BO3AYWHOM NOTOKe HaA
B3BOSIHOBAHHOU BOAHOU MOBEPXHOCTbLO?

- Kakosbl XxapakTepucTuku aucnepcum kanenb (TypbyneHTHoe
yucno UmutatTa) B8  BO3AYWHOM  NOrpaHcnoe  npu
npubnuxeHUn K BOAHOU NOBEPXHOCTU, KAKOBO BIIUSHUE
LepoOXoBATOCTU?

TTonpobyem oTBeTUTb Ha 3TU BOMPOCHI C MOMOLIBFO MPAMOro
YUCNeHHOrO0 MOAeNUPOBAHUA.



Schematic of numerical experiment

c=0.05 - wave celerity

ka =0.2 - maximum wave slope
Domain sizes: Ly=64 L, =44 L, =21

Re = Yot =15000 - bulk Reynolds number
%




Governing equations

Air momentum  9Y; +8(Uin): 1oP 1 o'V, 0V,

and continuity ot OX; p. OX;  Reox;ox;  0X,
. " "
Droplet coordinate dr_ =V." 4v =i(Ui(r“)—Vi”)(1+ 0.15Re;*" )~ 5,9
and velocity at I
d* p
7y :EIO—: - droplet response time
n _Vn
Re, = V) L - droplet Reynolds humber

| 24



Curvilinear coordinates

X=¢&—aexp(—kn)sinké

Z =n +aexp(—kn)cosks

1
Shape of the water surface:  Z, (X) = aCoS KX + > a’k(cos 2kx —1)
- tanh ~
Mapping over n: =0.5/1+ -15<n <15
PPITS e ( tanh1.5)

Grid of 360 x 240 x 180 nodes is employed with mesh sizes:

AX" =6 in the horizontal direction

Az ~0.3 near water surface in the vertical direction

Az, =3 in the middle of the domain



Boundary conditions

Air velocity = U (&, y,0) = c(ka cos kx(&,77) 1)

water velocity V(&,y,0)=0
in the surface

wave: W(¢S,y,0) = ckasin kx(&,7)
No-slip Uyl =1-c
condition at
the upper V(S y1) =0
moving B
plane : Wi(s,y1)=0

All fields are x and y periodic



Droplets injection:

Drops falling on the water or reaching the upper plane are
re-injected in the vicinity of the wave crests in the range:

0.01<7n/21<0.05 (5<nu, Re<25)
n1-02<<¢<nA, n=1..06

Drop velocity at injection is prescribed according to Andreas
(2004), Troitskaya et al. (2016); for drops diameters :

d =100, 200, 300 zm



Instantaneous fields

d=100um, ka=0.1 (a)

Vorticity
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Droplet trajectories

z ka=0.1,d =100 um (a)
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Mean profiles
ka=0.1 ka=0.2
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Concentration
flux

[CV:] =[CV.]-[C]v,

Turbulent
viscosity/diffusion
coeffcients
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Mean profiles
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Mean profiles

ka=0.1
(a)
— d =100 um

— d =200 um
— d =300 um

Turbulent Sc,
Schmid+t >
humber 4
K _
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2 |
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3aknroueHue

TTotoku U npopunUu  KOHUeHTpALUUU Kanenb YAOBNETBPUTESILHO
ONMUCLIBALOTCA pelleHUsSMU B nNpubnuxeHUU naccusHO oceaaroleu
npumecu nNUWb  Cllyyae OTHOCUTESNIbHO MaSbIX pa3mepoB Kanesib U
nonorux sonH. OTnuuue BO3pacTaeT ¢ YyBenuUYeHUEM KPYTU3HBLI
NOBEPXHOCTHLIX BONMH. TypbyneHTHoe uJucno LWmutara kanenb
cylulectBeHHO npesbiwaeT 1 B6nUM3M  BOAHOU nNOBepxHOCTU, rAe
KOHLUeHTpauua kanenb B DNS cyuectseHHO npesocxoauTt npeackasaHue
Teopuu (peweHue TipaHAaTNS).



