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STUDY OF THE AIR-SEA BOUNDARY PROCESSES AT THE
SHIRAHAMA OCEANOGRAPHIC TOWER STATION

By Yoshiaki ToBA, Hideaki KuNisH1, Katsuya NisHI, Sanshiro KAWALI,
Yoshie SHIMADA and Nakao SHIBATA

Synopsis

A study is carried out on the air-sea boundary processes at the Shirahama Oceanographic
Tower Station, Kyoto University, laying a stress on the field of the strong interaction between the
air and the sea: a situation where the wind is strong, wind waves are breaking, air bubbles are
being entrained in waves, many sea-water droplets are produced at the sea surface. Special obser-
vations were performed in August, 1968 and in November, 1969, and data were obtained including
the wind profiles, waves, breaking of wind waves, and the distribution of sea-water droplets. A
report is presented here as a part of the results obtained by an analysis up to the present.
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Fig. 1 A view of the Shirahama Oceanographic Tower Station and the pole equipped
with instruments during the period of the 1st special observation in August,
1968.

Table 1 Items of the observation in the 1st and the 2nd special observations.
Figures indicate the number of levels of observation.

1st obs. 2nd obs.
Items of observation -
Tower Pole Bridge Tower
Wind direction® 1 1
Mean wind speed* 4 5 4
Fluctuations of the vertical wind component 1
Dry and wet bulb temperatures 5 5 4
Dew point* 1 1
Water temperature* 2 1
Sea-water droplet (impactor) 3 1 1
Ditto (rod sampler) 4
Sea level* yes yes
Wave height yes yes
Breaking of waves yes yes
Sea surface photography l yes yes

* Continuous routine observations
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Fig. 2 A comparison of wind speed values measured by use of anemometers at the

tower with those at the pole.

a: 13.8 m above the low water level (both of the anemometers in this case
were installed at the top of the tower)

b: 6.7m above the low water level (the anemometer of the tower was
installed westward of the floor)

c: ditto (northward)

d: 4.2m above the low water level (northward under the floor)
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Fig. 3 Examples of the wind profiles obtained in the 1st special
observation,
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Fig. 4 Friction velocity, u, drag coefficient, C D19y DUMber concentration of
sea-water droplets for the mass of salt of 2.25<log m<3.75, 4, and
the degree of breaking of wind waves, a, in the 1st special observation.
The solid lines for u, and Cp,, indicate values obtained from the
lower two-point values, and the broken lines from the six-point values.
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Fig. 5 An example of the salt-mass distributions of sea-water droplets
obtained at different heights at the tower, in the lst special
observation.

3. 52 XENRAOHME

FBLRHENBATR, LRI IC, BROEBEZTEVE IS TREZOMUELT LI T LHTEL
2, SR o RE - B e WEEROBHARLNTRY, ZOWROLEMHTHIRALELOEN
WEROE GRRAT) ToBMETA) CLHTEEd o7 22T, REHEEORY, BOHAITSHT

— 6 —



BF - H@e - %6 - W4 - BH - £H : ARERENR X s EERAROME 525

SZIEN OBRLOZEHEOREH LERb>C, MMM EILH, E2RENBANETEo7. ZOL
ERBREMEL, BRLOBNIBEICHE - 2ELEEINSL, BholBAFRI, TEL7HEY
HLUTHSERY 25820 > 2o

EEAE L 13.8m oBOREH, 6.7Tm 07 o7 Lo, 1L, ZoTHOBOEHFIZED K LIk,
ETRBECEZI2RED M FIX2E, A4 HS0BRHEH MY . AKEOREFLEBEMHIIR, R
BRAFo- A BBZEOBIIHTYy—I22ITLZKEBE, 70 T7ORHSITEWY 17 Dewcel BHE LB
B, 200K, TR YERHCIZHEEETAVE. Bid, BoBHFKEYVHLTERRE®EH L
FL, COWEHOLIAT, Bl1RENBEMNOLE LRBOFETHROBN L EHEN L T2 v TR
gREHTAN T,

Mk, £ 1RENBERO L& LZIZABRORETAE Licd, FH4 7 2 —oftll, Lh k&%
AR RRNICHEAT 2 BHER TV, T%bb, ThidEE 3m /¢4 705k, Fig. 6 [TRE
haks%, FRTCHEELCHEATEZ2ENLD, 0B, MSmm, EX4cm ORE7 4 4 L HWY
JThoT, ZO5mm M7 4 r2%, MITHAR, EEORMBHTIZEBTELI OTHEY ",
Ay p—it, WHER 10V g DI LEBEOBKETLRBRTE LN, —ERBOZRERIIT 2710,
KEL THBEBEONIVWAER, DTLLrBELEC. BE LK B, HREROBFT, HER3.2X
10g BEL EoKE % 8K LRI ICHET 0T, AV 22 —LfTZEICL-T, HER
#2107 gt 1077g BEZ COLRKFROWKBLHEET I LMTEL (5HBR). BUEARXPID
Table 1 2% &b TEkWnio

BAMMEILAI0H, HINAEY, LAWRMEAL, ZhECTFE T B ICILEORIK X
B, MEBERKEIZHRSKRELRD, YFEL 2> THEENTCER{ %524, AR 12m/sec ¥
L, B2 1L.5m oRFEHBRr—ATOrT53CT, EHELTCRBTMEIEBTE, ZOHBELEEY
1542k XE>C, #iEL 29run & Lo 205D Trun Tik, HAMOBRESHOBHMITEbA

o

brass rod with

Sluminum pipe sampling surface spring rod

______ e

...... —1 »
T

«—> ' Gz 1 = ]

..... ————] /-“w' E

P i ===

/ E——50mm—>)
spring rod holder sampling surfoce

Fig. 6 Head part of the rod sampler for the measurement of sea-water droplets.
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Fig. 7 Examples of the wind profiles obtained in the 2nd special observation.
Table 2 Main data of the 2nd special observation. (Nov. 11, 1969)
Run . Zg:ég .Win'd Characteristic wave 7 I:Ivzvgf t é::p \t/z Ia):::
No. 1y |direction] H’ T H /9 | T4/3 |breaking| .
(m/sec) (cm) (sec) (cm) (sec) ays S Q)
1 09:50-10:00 7.0 | WSW 9.0 0.6 17.0 2.4 6 18.3 21.9
2 10:00-10:15 6.9 " 13.5 0.6 15.3 1.5 20 18.7 ”
3 10:15-10:30 6.5 " 9.0 0.7 12.7 1.3 43 18.8 ”
4 10:30-10:45 6.3 ” 16.1 0.8 13.8 1.3 22 18.8 ”
5 10:45-11:00 6.5 ” 15.0 0.8 16.7 1.5 22 18.9 ”
6 11:00-11:15 6.8 ” 14.7 1.0 16.8 1.7 44 19.0 ”
7 11:15-11:30 6.4 ” 22.3 1.0 16.1 1.5 31 18.9 ”
8 11:30-11:45 7.0 ” 21.4 1.1 21.4 1.9 43 18.8 ”
9 11:45-12:00 7.4 | WNW | 23.3 1.1 21.8 1.6 44 18.0 ”
10 12:00-12:15 6.5 ” 33.0 1.3 25.4 1.8 49 18.0 ”
11 12:15-12:30 6.0 ” 32.9 1.2 25.9 1.9 55 18.0 ”
12 12:30-12:45 4.8 ” 25.6 1.2 23.8 1.9 27 18.1 ”
13 12:45-13:00 4.9 ” 23.5 1.5 25.3 1.8 17 18.2 ”
14 13:00-13:15 5.8 ” 26.9 1.4 26.1 2.0 39 18.2 ”
15 13:15-13:30 7.1 ” 31.7 1.4 31.3 2.0 47 18.0 ”
16 13:30-13:45 6.7 ” 35.7 1.9 29.6 2.0 36 17.8 ”
17 13:45-14:00 8.0 ” 37.2 1.6 33.9 2.1 72 17.7 ”
18 14:00-14:15 8.9 NW 39.9 2.0 35.3 2.1 57 17.3 ”
19 14:15-14:30 9.4 ” 50.0 1.8 34.5 2.1 80 16.8 ”
20 14:30-14:45 11. 4 ” 43.5 2.1 42.9 2.2 82 16.2 21.8
21 14:45-15:00 10.9 ” 41.3 2.2 54.4 2.4 71 15.9 ”
22 15:00-15:15 10.3 ” 42.3 2.3 48.1 2.2 98 15.8 ”
23 15:15-15:30 10.7 | NNW | 55.1 2.4 44.0 2.3 111 15.5 ”
24 15:30-15:45 11.0 ” 55.1 2.5 47.5 2.2 75 15.2 21.9
25 15:45-16:00 10.5 ” 57.8 2.8 51.9 2.2 15.0 ”
26 16:00-16:15 12.1 ” 55.8 2.9 54.9 2.4 117 14.9 ”
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Fig. 8 Values of the rate of breaking of wind waves plotted against the Reynolds
number describing the intensity of turbulence of the water surface itself.
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Fig. 9 An example of the wide range salt-mass distribution of sea-water
droplets obtained in the 2nd special observation.
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Fig. 10 Vertical distribution of the number Fig. 11 Predicted vertical distribution of the
concentration of sea-water droplets sea-water droplets by Toba’s 1965
observed during the 2nd special ob- theory, for the case similar to Fig. 10.

servation. Case of the salt mass
m (10~ 2gm unit) of 2.25<log m <2.75.
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Fig. 12 Salt-mass distribution of the sea-water Fig. 13 Predicted ratio of the number concen-
droplets obtained at 1-m level (6,) tration of sea-water droplets at 1-m
in the 2nd special observation. level (8,4,) to that at z=z, (8,), by

Toba’s 1965 theory.

zhds Fig. 14 t% %, Fig. 12 tid, m 0/hXnwFERENEETE run BoOMARRE > Tnicds,
Fig. 14 Tid, % run 0%, AXEFFLTWE. 20EFOBOTEHOERTHOA BB TH
b0 TEHEDLLEBETERINCLE ZOBKBOEERMIZ, WHWHALRETTHE hHEENEL, X
BRETHBERT 2. ThbL, FHOKOKR Fig. 14 CLTRBHTF I LBRLTLWEEDNL, 20
BB LT, BFRAKEERY, I ZESECOEBERTFOBINBER» OBEICIZBRALT I, XK
DR EABRTH 20 272, LRTHORY, logm 03 L w5 HOEL KB EHEOLEVITED,
BROBRTH2YW, ZOFHORR, RIHCHEINZ LI, ABLTOBIERLSbET, LV5
BIGECLOBBELNTVEZ L ENELTEH o
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Fig. 14 oBBELCHOEMEICL > TETIFEATBET 2872 Fig. 15 [ZR3hTwb, Thbb,
CNEEEER m 3 2.25<logm<2.75 0@ 6, %, T CRBRLAKOBOLKE LTORNOES
NERERTAIEREEZONZKEL s SHD LA /AR ueHy 2L TF oy FLIZ3DTH B, B
HBNEFRRTELH 2RENBENO I OT, XETHE L RFHEROE (42272 —-1T&3) TART
Hbo BAIT 0y B0 F B EFNIGENED I DN 22D 545, THEEAEEL T, BHEESOMER
VHELIHRRIDEIABRENEEDbNL, ThIFETH B, ZofboBhiE, BITHBEINLA
BAIZL 2BAKESC, BEREFOHERTFOBRML LIBIIZFIZBA LTROEL 0, o'W E, 1{—%
LTWwBbDTH b,

BB, 1m BETCHE PP TRIREEZHKEOI 7L, TOLEOBEEE v LOMKE
Fig. 16 TR+, M ofhisid, Fig. 11 26 Zh 2N D ux OB EITOWTRD T 01 m) OfED 6, Off
It 28a8%, HEE m OEHBELTEDLLELIDOT, LM BH O D OBEBITHEITH 0

r T T T T T ]
6% 4
g E 3 — T — T r
o L el ) © ZND SPECIAL OBSERVATION .
‘e | RN e i I x | 87 3 .
o D Tk e }
o i \k\ “\ /II r . . o
® IO _ 2| J
. - e - .
0| 3 §T
F e b o | 1
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. ] S . J
] . . ]
I LI = * .
Io" 1 1 1] 1 ] L B "
2.5 30 3.5 4.0 00' PR | -nu:,' T ——
1 I X 10
log m wH
Fig. 14 Values of 4, by operating Fig. 13 to Fig. 15 Values of ¢, for 2.25<log m <2.75.

Fig. 12.

ux (cm-sec™”)

4.5

fog m

Fig. 16 Upper limit of the class of sea-water droplets observed at 1-m level is indicated
as a function of uy, for each run in the 2nd special observation. Curves are
drawn from Fig. 13. Dashed curve indicates the condition where the terminal
velocity w, of the droplets of the indicated mass of salt m is equal to u.
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