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BASIC STUDY ON SALT DAMAGE (I)
PRODUCTION OF SEA-SALT PARTICLES AND
A MODEL OF THEIR TRANSPORT INLAND

By Yoshiaki ToOBA and Masaaki TANAKA

Synopsis

Estimates of the production rate of sea-salt particles, by the bursting of air bubbles
on wind waves at sea, and of the amount of salt in the air at the coast, are presented as a
function of wind force. The distribution of the particles inland is analytically expressed
in terms of dimensionless parameters, representing distance inland, height, and number
concentration of the particles, especially in relation to the ratio between the magnitude
of the sink of the particles due to the impaction by ground obstacles and that due

to the sedimentation by gravity, in the case where there is no precipitation.
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Fig. 1 A photograph showing the mechanism of the entrainment of air bubbles
into wind waves. Troughs of the small wavelets, which are superimposed
upon a gravity wave, point downward, and air bubbles are entrained into
wind waves at the wavelets, The width of the photograph is about 35em.

—_ 9 -



BY - B HEcET 3 ZRNHR -8 BENTOERE B E~OBRET L 333

TR,

RIS BTSN AER S h B BB OV T, Kientzler 5%, Knelman 5%, K - B8P, BFY,
Blanchard!® Fofiius & OhOHENH B, FRLABETEERDE RIS, Tibb, SE,DL
ERINSKEIL3 DD/ A —FHb B, B1OLDIL, Fig. 2 Dchbdiiiabhs i, Kl
B izd 2 F - Bk EFOhARERED 104~10-%gm BEOBKEEY L OBKETH
D, HIREOIILRIND L5, EAEEENTHCRCEhh? L EbERTT X 2HEO 10~
10-2gm BEOLD THDH, #3ik, EOIETRINBLISE, KDY=z v bBFHLTTES, WOW
F0 1061550 1 DERE L2 1L 4 EOKETH B, COPFELDI/A—-FOLDINILT &
TR L A LBRLEWE Bbh B, KAPOKEIOBWERKL 7> TEREFS, F2 > HIOLON
ERBERTE IIThBbDLTE5,

Q

f

Fig. 2 Schematic representation of three mechanisms of the droplet -
production from bursting of air bubbles.
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Table 1 Number concentration, 6o(U:, m), salt-mass concentration, m8,(Ui, m),
and production rate, Fo(Ui, m), of giant sea-salt particles at the sea

surface.
Range of mass of salt logm =
(m : gm) 11.5-11111-10. 5(10.5-10; 10-9.5| 9.5-9 | 9-8.5 | 8.5-8 | 11.5-8| 10-8
0o(cm=-?) for U;=3 L161 | .0902) .0488) .0264] .0220| .0288 .0400
m8p(10-12gm cm~-?) for U;=3 .907 | 1.60 | 2.75 | 4.70 |12.4 [51.3 225
Fo(cm~%sec-t) for Ui=3 .878 | .800

Multiplication factor to be applied to the above

Wind force at 10-m level, U; o] 1] 2| 3] 4| s | 6| 7] 8] 9]10
|
values of 6y, mf, and F, 0, 0 0 12 05i2-33t

3.0814. 38/6. 38/9.63114. 8
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Fig. 3 Values of X in Eq. (1) for 2=10m, for two values of the square root
of the friction factor, 7.

10
m (gm)

Fig. 4 Values of 8:/8,, the ratio between the number concentration of sea-salt
particles at 10-m level over the sea and that at the sea surface, as a
function of wind force and of the mass of the nuclei, m, for relative
humidity at the 10-m level, RH:, of 80%, for 7:=0.04,
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2T+ 2Dexpl2{E +2CL N erte{ 1+20y F 5?] Jae
Lins, L,

erfc(x)=1%5:exp(—u")du
ThHb, CORIFCESEZHETTHE, 7=0 OBE,
_1 -_ & oy L (4,1 SO
6= 9 erfc<1/§ zv?)exp( 28 2 (1+ y )erfC(VE+21/§-)

+(1+ —217)eXp[z~/{r+2(1+~/)s}]erfc[ a+2m 1/?+#?] -------------- e (4)
EitBe (2D E+E/QUEINRKREVE EIZIL, (4) RFEIESELELBVH LN TE,
~ 1 S _opy_ L (1.1 T
o=, erfc<1/§ —21/F>exp( 2)-—, (1+ y )erfc(VE—i—zV?)
+22;Y]—!/-1; [(1+27)1/-E—+2.‘§/?}_ exp[_<V?+25?>] ..................... (5)
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+£/2y E)>2 T 1/64 YT TH B,
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’] =%erfc (V?—ﬁi—?)exp(—Zt) + (%+ ¢ +2§)erfc (1/?+ 2 1;‘/—5_)

N M T O ————— .
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EEXRLTRLTH D, Fig. 6 Tix, £€=0.16 Dbkl 5, (L) DfEY, LWHALWALRTEHLTH
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EERCHI L Toich o8, BRI bREANRD 5 O T, MRMELbECEEI B L L,
EotkomiERORWEE (v=0) 1ZiX, Fig. 5a TRHID L5, BEORNIEC E (6=0)
CHb, —H, BEERAODHHEE (r=0) i, 2 h EH TR v=0 OFE LI vELT, BEID
FBEC 2 > TOREDCH NI Z b T Th 54, UTHIEIRBEORANEL, FRLVTHRA
Do TREIMEL 1eh, Lichio This ) NETORERFORESMIB LTI S,

EEASDERTE L, FEOKMEL OBGROH% Table 2 iRd,

w'x wz
Table 2 Examples of the values of E‘4Du and ¢= oD’

actual reasonable values of #=10%cm sec™!, D=10%cm?sec-!, and some
values of w, x and z.

corresponding to the

Mass of salt (m : gm) logm=12 11 10 9 8
Terminal velocity, w
(cm sec) for RET=80% 0.0125 ~ 0.0581 0.269 1.25 5.81
2=100km £=3.9x10-%  8.4x10-° 1.8x10-¢  3.9x10-2  8.4x10-!
500 2.0x10-%  4.2x10~*  9.1x10-%*  2.0x10-*  4.2x10°
z=1km £=6.3x10"%  2.9x10-2 1.3x10°! 6.3x10~* 2.9x10°
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Fig. 5a Vertical distribution of sea-saltYpar-

ticles over land calculated from Eg.

(6). Showing the change with dis-
tance inland in case of no sink of the
particles due to the impaction by trees
and other ground obstacles, i.e., 7=0.
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Fig. 5b Vertical distribution of sea-salt par-

ticles over land calculated from Eq.

(4). Showing the change with dis-
tance inland in case of the ratio be-
tween the magnitudes of impaction
effect and the sedimentation, 7, being

1.
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Fig. 6 The effect of the value of 7 in the vertical distribution of the particles,
at a fixed location inland, £=0.16.
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Fig. 7 The effect of the value of 7 on the decrease with distance inland of the
surface concentration of the particle number.
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80=(1+2§)erfc(1/?)—1727—1/§ EXP(—E) ererrrremer e (9)
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