542 %5 3 NI Vol. 42 No. 3
2018 45 H Chinese Journal of Atmospheric Sciences May 2018

SPRAE, LT EY, S 2018, LR CHAOK IR A KL TR T PR (7). KURME, 42 (3): 448462, Zeng Qingeun, Cheng Xueling, Wu Lin.
2018. Vertical transport of sea spray and spume droplets in high-wind marine atmospheric boundary layer [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 42 (3): 448—462, doi:10.3878/j.issn.1006-9895.1803.17288.

IR TCGRKHEBBANAREHHERLRW

PRFE BEH X

of E R B OSEET T, I 100029

1§ B OIRAE R RN 1R SR K PR AT A TR B, AEA ARG UE (BEERR A KO T
BRI, AR FRIEZE 10 min PR IKE RGE o FEARARBER T MAR, H 4 KHEEEbEA 2 BT w .
1M AR ksl & A s R EE RSN (v, SERAT T 1/60~1/600 Hz SUBL), LA AT F-BEMLE () i A At ik 3
(v BAFEKT 160 Hz), "EATI0RENE LU w 8] DR EFH K WO o RS R R . s (a, w) M
JkE) v'=v,tv, BICEMT 7 5B EAI v voB W, WY R Bk B H BEHUSE AU, 50580 kiR
R HRITRAEFN K IR KT CEAR r, K 10~500 pum) A AH K —36 43 il LU KAURE M EA 100 m @Bk B
RAH, GRIMTHREAN KA s SR S OE B E B DTRR, ANl DA 2 . /67K I AR R, BERES)
& T REEMAER, Wi w >0 A BER w HEREIZEEMR. AT B (0] EA% 100 m BL s KRS
55t A KK B LD AR THIE S A AN, AIRERORE, RS RETRN R/ (e), M
o r, A1 g o3 T KR A AT ) I

kR EHBAER BRT O EKRURE MTEXE EE BEsiA

XE/HRS  1006-9895(2018)03-0448-15 HESES P404 XEAFRIZES A
doi:10.3878/j.issn.1006-9895.1803.17288

Vertical Transport of Sea Spray and Spume Droplets in High-Wind
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ABSTract Through analyzing the observational data obtained during high-wind conditions over the South China Sea,
our results have shown that: (a) The 10-min average horizontal wind speed # is almost independent of height; (b) the
10-min average vertical velocity w is almost always positive; (c) there exists strong coherent gusty wind with
low-frequency (v,, between 1/600 Hz and 1/60 Hz), and nearly random and isotropic turbulent fluctuations with
high-frequency (v;, larger than 1/60 Hz). The vertical velocity w and the characteristics of the gusty wind and
turbulence can be well parameterized through the horizontal wind speed u . Using the observations of (i, w) and the
parameterized gusty wind and turbulence, the Lagrangian stochastic model is implemented to study and simulate vertical
transport of spume droplets. The results show that a quite high proportion of spray and spume droplets (the radius is
between 10 and 500 pum) teared from the breaking waves can reach the 100 m height in ABL (Atmospheric Boundary
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Layer) and contribute to the sea salt aerosol flux. The coherent gusty wind during high winds plays an important role in

the vertical transport of droplets. Besides, we also parameterize the uplifting fraction of spume droplets that can reach the

100 m height in the ABL by using a nondimensional factor ”/ (,8) , where r, is the radius of droplet and g is the

gravitational acceleration.

Keywords Sea salt aerosol, Heavy particle, Marine atmospheric boundary layer, Coherent gusty wind disturbance,

Upwelling fraction, Numerical simulation
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L A (w") =060, TH(w") /i #tE 0.2~1 3
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2 p 3 H 1 BT 1R AR B A A
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RS, FERUERRL, Y

u, = 4, cos(?—n H,w, =4, sin(?—nt +a,), (8)
g g
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Fig. 10 Simulation results

of the droplet trajectories, 7,=70 pm, u,u, and w, are wind velocities observed during the cold surge period of 2100 BT-2200 BT

23 March 2012, u=15m/s, 6-w=0 (J-w>0 for observed velocity). N;=433, N,=567, N;=0
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Fig. 11  Simulation results

of the droplet trajectories, 7,=100 um, u,u, and w, are wind velocities observed during 0400 BT-0500 BT 24 September 2008 at

the front quadrant of the typhoon eyewall, # ~35m/s, 6-w=0 (J-w >0 for observed velocity). N;=863, N,=137, N3=0
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Fig. 12 Same as Fig.11, except that &-w isobserved and J-w=3 m/s . N;=1000, N,=0, N5=0
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Fig. 13 Same as Fig. 11, except that ,u, and w, are wind velocities observed during 0600 BT-0700 BT 24 September near the typhoon eye, & ~15m/s, &§-w is
observed and 8- -w=1m/s . N;=1000, N>=0, N3=0
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Fig. 14 Simulation results of the droplet trajectories, 1,=70 um, u,,w,,0,,u,. are given by the parameterization formula during the cold surge period of 2100

BT-2200 BT 23 March 2012, #~15m/s, &-w=0.N=436, No=564, Ns=0
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Fig. 15 Simulation results of the droplet trajectories, 7,=100 pum, W,, 0, U are given by the parameterization formula during 0400 BT-0500 BT 24

September 2008 at the front quadrant of the typhoon eyewall, & ~35m/s, §-w=0.N,=764, N,=236, N;=0
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Fig. 16 Same as Fig. 15, except that J-w =3 m/s . N;=955, N,=45, N3=0
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5 R RS R L, 0<e<1. SESE, IR 1 AR 4 AT, wiMERhs. A —

KAZETHEREREME, R 1 HAER; MVAZFRH, R 1A HIE TR (FREER W >
ERV TG O TRATIAS 1) w rTREH AADIAR 0 ’IFERD.
®1 RBBEREEFAR G u) (5-w=0)
Table 1 Uplifting fraction &(r ,u) during cold surge (§-w=0)

13
ro=10 7r=20 ry=50 ry=70 ro=100 ry;=120 ry=150 ry=200 ry=250 ry=300 ry=350 ry=400 ry=450 r,=>500

1

u/ms”  pm um pm pm pm pm pm pm pm pm pm pm pm pm
10 41.7% 38.6% 17.6% 48%  0.1% 0 0 0 0 0 0 0 0 0
15 62.6% 62.1% 53.5% 43.6% 26.7% 16.4% 4.3% 0 0 0 0 0 0 0
20 67.9% 662% 583% 50.6% 36.3% 23.6% 7.2% 0 0 0 0 0 0 0
25 71.2% 654% 61.0% 514% 36.5% 23.3% 5.9% 0 0 0 0 0 0 0
30 68.6% 693% 642% 54.1% 37.4% 26.7% 5.7% 0 0 4% 0 0 0 0
35 70.1% 68.7% 622% 52.7% 36.6% 23.1% 7.0% 0 0 0 0 0 0 0
40 66.2% 66.5% 60.0% 52.5% 37.1% 21.9% 5.9% 0 0 0 0 0 0 0

*2 FRIERE EFAE (. 0) (5-w=0)
Table 2 Uplifting fraction £(- ,u) during typhoon period (5 -w=0)
&

=10 =20 1n=50 =70 =100 =120 =150 r=200 =250 ry=300 ro=350 ro=400 r,=450 ry=500

#/ms’ ym pm pm gm pm pm pm um pm pm pm um pm pm
10 493% 417% 14.1% 3.6% 0.6%  05% 0 0 0 0 0 0 0 0
15 593% 57.8% 44.8% 334% 148% 75%  15%  04% 0 0 0 0 0 0
20 632% 664% S57.8% 484% 352%  23.1%  93%  02%  02% 0 0 0 0 0
25 73.6% T72.8% 68.1% 60.5% 48.6%  39.6%  17.0%  0.6%  05%  05%  05% 0 0 0
30 82.5% 823% 78.5% 74.1% 64.8%  551%  357%  13.1% 14%  03% 0 0 0 0
35 80.6% 87.8% 80.8% 77.5% 764%  67.5%  57.8%  36.1%  182%  7.5%  19%  15%  0.6% 0
40 88.7% 852% 784% 76.5% 68.0%  67.6%  58.8%  47.5%  37.1%  274%  192%  11.6%  55%  2.9%

£3 FAE2 B5w>0 (WHESHELATAR

Table 3 Same as Table 2, except that &§-w>0 (Wis given by the parameterization formula)

&

}’0:10 Vo:20 1‘0:50 }’0:70 r0:100 1‘0:120 }’0:150 702200 r0:250 1‘0:300 }’0:350 702400 r0:450 1‘0:500

w/ms' m pm um pum pm um um pm pm um pum pm pm pm
10 100%  100%  100%  99.5% 12.3% 0 0 0 0 0 0 0 0 0
15 100%  100%  100%  100%  99.8% 88.0%  4.2% 0 0 0 0 0 0 0
20 100%  100%  100%  100%  100% 100% 100% 39.3% 0 0 0 0 0 0
25 100%  100%  100%  100%  100% 100% 100% 100% 100% 9.5% 0 0 0 0
30 100%  100%  100%  100%  100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
35 100%  100%  100%  100%  100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
40 100%  100%  100%  100%  100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

x4 ARL B5-w>0 (wHASHLLARAD
Table 4 Same as Table 1, except thato-w >0 (w is given by the parameterization formula)
&

ro=10 ry=20 ry=50 r,=70 ry=100 ry=120 ro=150 ;=200 ry=250 ry=300 ro=350 ;=400 ry=450 ry=>500

w/ms um pm pm um pm um um pm pm um um pm pm um

10 96.1% 96.6% 96.6% 97.1% 0.3% 0 0 0 0 0 0 0 0 0

15 953% 95.7% 96.3% 96.5% 95.5%  47.6% 0.4% 0 0 0 0 0 0 0

20 955% 95.7% 96.4% 96.8% 96.2% = 96.3% 95.6% 5.1% 1.6% 0 0 0 0 0

25 955% 96.0% 96.1% 96.4% 96.0% = 96.7% 97.0% 95.5% 95.4% 29.0% 2.9% 0 0 0

30 96.0% 95.1% 959% 95.9% 96.3%  96.2% 96.2% 95.8% 95.2% 94.9% 96.5% 95.4% 70.0% 95.1%
35 96.5% 95.5% 96.0% 96.6% 94.6%  95.0% 96.7% 95.7% 94.7% 96.2% 96.1% 94.4% 94.6% 94.6%

40 95.0% 94.6% 928% 92.7% 95.1% 94.2% 93.2% 96.1% 96.2% 96.1% 94.1% 95.7% 96.2% 94.8%
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Fig. 19 Same as Fig. 18, but for typhoon period
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Fig. 20 Same as figurel8, but W is given by the parameterization formula
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Fig. 21 Same as Fig. 18, but for typhoon period, W is given by the

parameterization formula
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