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MEASUREMENT OF TURBULENT FLUXES FROM
A MOVING SHIP (2)

By Yasushi Mitsura, Tatsuo HANAFUsA and Toskhihiko MAITANI

Synopsis

The method of direct measurement of turbulent fluxes over sea surface from a moving ship
proposed in the previous paper is tested, and fluxes of momentum, sensible heat and water vapor
are obtained from the data of ocean expedition of 1968. The ocean expedition is made again on
the East China Sea on R.V. Hakuhomaru in the summer of 1969. Power spectral analysis of
wind speed fluctuation over sea surface is made over a wide range from about 10-*cps to 3 x 102

cps.
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Photo. 1 The R.V. Hakuho Maru.

Photo. 2 The foremast of the Hakuho Maru and the sonic anemometer
(port side of the propeller anemometer).
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Table I The list of the observations for the 1969 expedition.
a) Turbulent flux measurements.
Run | Date Time Wind Relative Air Sea surface Ship
. . wind speed temp. temp.
G‘%I;P July| h m h m direction m/sec  from °C °C speed
1 2 20 :30—21 : 24 Sw 3 left 10° 22.8 22.7 13kt
2 4 08 :35—09 : 15 SSwW 11 left 20° 22.8 21.0 stop
3 4 20 :48—21 :30 Sw 11 left 10° 22.7 21.0 stop
4 4 23 :10—23 : 50 SSw 11 right 40° 22.7 21.0 stop
5 5 00 :20—01 : 14 WSW 9 right 45° 22.3 21.0 stop
6 6 13 : 50—14 : 50 SW 9 right 30° 22.9 21.3 stop
7 7 11:28—12:15 SSE 2 left 30° 23.1 21.4 stop
8 7 14 :12—15 : 06 SSW 5 right 15° 23.9 21.6 stop
9 7 16 : 43—17 : 85 SSw 9 left 40° 23.7 21.6 stop
10 7 17 :47—18 : 40 SSW 11 left 30° 23.6 21.6 stop
11 7 20:08—21 :10 SSw 11 left 45° 23.2 21.5 stop
12 7 22 :33—23:27 SSw 11 left 35° 23.2 21.4 stop
13 8 00 : 52—01 : 40 SSwW 13 right 40° 23.5 21.4 stop
14 8 10 : 15—11 : 08 W 14 left 10° 22.0 21.4 stop
b) High frequency fluctuation measurements.
Run | Date Time Wind Relative Air Sea surface
o wind speed temp. temp. Remarks
G?‘PR Jul h m h m direction m/sec from °C °C
69 Y
H-1 6 19 : 25—20 : 03 SSwW 7 left 40° 22.0 21.4 5103 gantry
H-2 7 16 : 04—19 : 30 SSwW 6 left 25° 24.1 21.7 5105 gantry
H-3 7 19 : 00— SSwW 11 left 30° 23.4 21.6 5105 mast
H-4 7 21 :20—22: 18 Sw 10 left 30° 23.2 21.4 5105 mast
H-5 7 23 : 35— SSW 18 left 25° 23.1 22.4 5105 mast
H-6 8 02 : 08—02 : 32 SSwW 15 left 15° 23.0 21.4 5105 mast
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Table 2 Portions of wind speed

Run No. Date and time Sensor ér\;)e;aigci:::l)g Frequt(t:;s?s range
July 69
h m h m| Propeller
4+5 3rd 13, 07 ~21. 30 anemometer 25.0 1.3X107%~2.0X10"2
3 3rd 08. 40 ~13. 06 ” 2.5 1.3X1073~2.0x 10!
4 3rd 13. 07 ~17. 15 ” 2.5 ”
5 3rd 17. 23~21. 30 ” 2.5 ”
H-5-L 0B B~ Hot wire 0.375 9.0X10-2~1.3X10-°
H-5-L-1 ” " 0.025 1.3X1071~2.0X 10+
H-5-M-1 ” ” 0.0017 2.0X10° ~3.0X10?
H-2-M-1 7th 16, 04~ 16. 05 ” 0.0017 ”
H-5-H-1 7th 23, 35~23. 36 ” 0.0017 ”
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Fig. 1 Long period wind speed spectrum as observed by the propeller anemometer.
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spectra and related quantities.

Number of Degree of V Weather Mean wind speed | Standard deviation Intensity of
lags freedom cathe (m/s) (m/s) turbulence
150 13 @ 10.4 1.2 0.11
” 82 @ 11.3 1.1 0.10
” 80 @ 10.8 1.3 0.12
” ” @ 10.0 1.2 0.12
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Fig. 2 Long period wind speed spectra as observed by the propeller anemometer.
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Fig. 3 Short period wind speed spectrum as observed by the hot wire anemometer.
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Fig. 4 Short period wind speed spectrum as observed by the hot wire anemometer.
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Fig. 5 Short period wind speed spectrun as observed by the hot wire anemometer.
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Fig. 7 Wide range wind speed spectrum as plotted on logarithmic scale.
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Fig. 8 High frequency wind speed spectrum in moderate wind case.
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Table 3 The results of analysis for Run 16 (1968)1.

Wind velocity U, 5.0 m/sec
Mast Temperature 0, 25.2°C
Spec. humidity da 19.0g/kg
Temperature 0w 25.3°C
Sea surface ‘-
Satur. spec. humidity qw 20.1 g/kg
Eddy corr. Momentum flux Te=—pwW'u 0.35 dyne/cm?
Sensible heat flux H,=Cyouw'T’ 0.27 mcal/cm?min
wethod Latent heat flux Q.= Lpw'q’ 8.12 mcal/cm?min
Momentum flux 7= pC4' Ug? 0.35 dyne/cm?
Bulk method Sensible heat flux Hy=CpC,(8,—6,)U, 1.1 mcal/cm?min
: Latent heat flux Qy=LpCs'(qu—q4)Us 25.1 mcal/cm?min
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Fig. 11 Spectra and cospectra of meteorological entities over ocean.
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