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Temperature Science, Ser. A, 22. (With English Summary p. 168)
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Table 1. Results of Force Measurements
B B 7 B 1 ; Wind
run . Fu Fn Fe Fo dir. o z .
number| UM Fo dir. speed 0 Cp
(kg-wt) | (kg-wt) | (kg-wt) | (kg-wt) (em/sec) {(dynefcm)

15h30m o 315° _
I ~40m 1.85 1.91 1.97 0.16 335 ~343° 268 0.55 1.18X10-2
2 | PRA0mA g ) ouge | 199 | oas | mw | — | 20 | o055 | 101x10-2

Na= 168207, 1p=47°45", 10=290° p=13x10"3g/cm
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Table 3. o, £ computed from (18), (20). (Jz7#=20.6 cm/sec)

o . Zo k
(cm) (cm) ch; ?cm% 1 § 2
156 100 40 1.2 0.15 0.31
76 10 1.7 0.19 0.30
36 2 0.8 0.28 0.34
16 1.3 2.0 0.29 0.29
100 76 0.1 1.2 0.57 0.29
36 0.1 0.7 0.53 0.35
16 0.4 2.0 0.42 0.29
76 36 0.1 0.4 0.51 0.39
16 0.5 2.0 0.40 0.29
36 16 0.7 4.0 0.33 0.24
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4, (F§) = 2{—F4Fgsin (a+ f) (da+ 4B)+ FgFy sin (m— B) 48+ FcF4 sin (7 —a) da}. (33)

a=f= '3f PARY S

|4, (F8)l = W3 {Fu(Fe—Fg) da+Fy (Fa—Fp) 48}
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Summary

Knowledge of the wind drag of an ice floe is very important in the study of ice drift,
vet few direct measurements have ever been reported. In February 1963, we attempted to
measure the force exerted on an ice sheet by the wind, using the flat shore ice covering
the harbour of Monbetsu (Fig. 3) on the Okhotsk coast of Hokkaido. Since the measure-
ments for other surfaces than ice have also been scarce":?, our attempt may be interesting
from the meteorological point of view, too.

During the winter two series of preliminary measurements were carried out mainly to
investigate the usefulness of the new method of measuring the force, which enables one
to obtain not only the average force but also the time dependent characteristics of the
force. We believe the usefulness of the method was established by these preliminary
investigations.

Fig. 1 (a) illustrates the method used in measuring the force. The pivot axles shown
in Fig. 1 (b) are frozen in the ice at four points A, B, C and O. Three steel wires with
tension meters are strung between axle O and axles A, B and C. Then, a narrow ring
shape area with its center at O is cleared of ice, so that an ice disk is obtained which is
pulled by wires to three directions OA, OB and OC and floating in a circular pool.

The vertical motion of the disk is very rapidly damped. Further, the rotational
motion of the disk about axle O was small in actual measurement. Therefore, the motion
of the disk was treated at two dimensional motion of a point mass at O which is con-
sidered to be the two dimensional center of the mass of the disk. Then, the equation of
the motion is given by (1), where M is the mass of the disk; r is the position vector of
O; F, etc., are forces exerted by wires; F, and F,, are horizontal components of forces
exerted by air and water, respectively.

It is evident that both F, and F, have I dependencies which appear as resistance to
the motion of O. Since the forces are spatially integrated quantities and thus in a sense
macroscopic, their resistant effect can be expressed also in the macroscopic form —«k¥
Separating the resistant term from F.+F, as (2), we obtain (3) from (1). Averaging (3)
over a time interval T, we get (5) where the upper bar indicates time average over 7.
Since the motion is oscillatory, relations (6) will hold if T is sufficiently long compared
with the predominant periods of the oscillation. FJy, etc., in (5) can be approximated as in
{8), where F,, etc., are time averages of the abosolute values of F., etc.; ny, etc., are
unit vectors of the directions A, etc. Here O’ is the point which gives the forces F,,
s and F¢ (Strictly speaking, O’ may in general not be on the plane ABC. Then, ny
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should be read as the horizontal component of the unit vector of the direction O’A). From
(5), (6) and (8), we get the final relation (9) which enables the unknown quantity F, to be
calculated from observed quantities. If the water is macroscopically at rest, F. is con-
sidered completly resistance and does not contribute to Fo, and F, can be regarded as
the averaged wind force.

Now back to the equation (3). Separating the time dependent term from Fyp as (21),
we get (22) from (3). As shown in the Appendix, F+F;+F;+F, is derived from the
potential which has an minimum, so (22) represents a forced oscillation by the force 4F.
Therefore, the character of 4F5 can be studied from the harmonic analysis of F., etc.,
which are approximately linear functions of the my, etc., components of the displacement
of O.

The actual dimensions used are: Diameter of the disk, 600 cm ; AB, 747 cm ; BC, 750
cm; CA, 765 cm. For tension meters spring balances of 4 kg-wt per 10cm were used.
The lengths of OA, OB and OC at 2kg-wt were 430, 430 and 446 cm, respectively. (The
asymmetry in above figures has no special meaning). Tension meters were read every 5
seconds in 10 g-wt by three observers (Periodical readings may destroy the relations (6),
but in our case (6) were probably satisfied. See Fig. 6).

The wind was measured with cup anemometers at hights of 16, 36, 76 and 156 cm
over a point 10 m from the center to 220° azimuth and with an Biram’s vane anemometer
at height of 100 cm over a point 10 m from the center to 200° azimuth.

The results of the observations carried out on the 14th of February are shown in
Tables 1, 2 and 3 and Figures 4, 5 and 6. In Table 1, the direction ns was measured
with a magnetic compass. (No great accuracy is needed.) Relative angles between ng
and n4, nz were calculated analytically from the above mentioned figures of AB, BC, CA,
OA and OB (Correction of OA or OB due to the difference of F4 or Fz and 2kg-wt
was neglected because it was within the accuracy of measuring length (+£0.5cm)). The
mean wind stress v, and the drag coefficient Cp, are quantities defined by (16) and (17),
respectively. The agreement of the observed direction of the wind and the calculated
direction of Fy is fairly good.

Table 3 shows the roughness parameter z4 and the Karman constant 2 computed
from (18) and (20) which are both derived from the logarithmic law of wind profile for
the case of neutral stability (15) (Prandtl and Rossby, whose deduction is briefly mentioned
in § 3 of this report. For details see any standard text book on dynamic meteorology®).
It can readily be seen from Table 3 that wiss of Obs. No. 1 strongly departs from the
logarithmic law. The reason of this is probably that the condition of neutral stability was
not satisfied in this case. The observed and the theoretical curves of # vs. (z+2,)/z, for
various values of z, are shown in Fig. 4. The best agreement of the observed and the
theoretical curves are given by z,=0.5cm for Obs. No. 1 and z,==1.6 cm for No. 2, if we
exclude above mentioned anomalous value of u,5. These values of z, are too large for
the surface condition of the disk shown in Fig. 2, from which 2, is expected to be 0.1-
0.2 ¢cm, and show the effect of the observers.

Fig. 5 shows the time dependence of F., etc., of No. 2. Fig. 6 shows the results of
the harmonic analysis of the force F¢. The two peaks with higher frequencies are probably
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due to two proper frequencies of the system. Comparing these peak frequencies with the
calculated proper frequencies (23) of the dampingfree system, we comput the damping
term as (25) and (26). Judging from its frequency, the third peak of Fig. 5 undoubtedly
is closely related to the so-called gustiness, which is usually defined as the periodical
variation of normal wind stress.

Now, the usefulness of a method of force measurement depends on the accuracy of
Fy determination. The accuracy is discussed in §6 under the measuring conditions (29),
where «, § are the supplements of the angles between mng and ny, nz; Fiis Fu; etc.
(The upper bar indicating time average is dropped throughout this paragraph for simplicity).
Final results are (32) for the error 4,F, due to force reading errors and (34) for the error
4,Fo due to angle computation errors. For the measurements reported, from (32) and (34)
we get (35), which indicate the total relative error of the order of 10-20%. But it will be
not difficult to satisfy (36) which assures a total relative error less than 5%.

A new series of measurements which assure more accracy in Fy determination and
which minimize the undesirable effect on wind structure of force measurements are now
in progress.

In the Appendix the potential function of the point mass connected with »n fixed
points A; (=1, 2,---,n) by springs and exerted a constant external force is calculated.



