Experimental Investigation on Flattened Head Harpoon
An Attempt for Restraining Ricochet
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1. Introduction

It is well known that the harpoon with the usual pointed head
ricochets when it strikes the water surface aslant, jumping over the
body of whale even when the point of incidence falls within a few
feets from the aim. The present writer also witnessed in several
oceasions such wastefull missings of aims in the course of an experi-
mental test of electrocution of whales, carried out by the whaling
boat, Taiheimaru No. 1 in the vicinity of Hokkaido between the period
of August to October, 1949, under the auspices of the Committee for
the Improvement of Equipments of Whaling Vessels. It was considered
very desirable to improve the harpoon so as to prevent such ricochet
and to hit the whale even if the harpoon passed some distance through
the water. A brief account of the experimental investigations made
in connection with this problem will be reported in the following lines.

2. Mechanism of ricochet and its counter-measure

The phenomenon of ricochet is not characteristic one of harpoon,
but also holds for any high speed rigid body impinging obliquely against
the surface when its angle of incidence iz smaller than some ecritical
value which is determinea by both the shape and the impacting velocity
of the body. E. de Jonquiére® showed that when a spherical body,
initially immersed in water, was shot in the direction parallel to the
free surface, its path turned upwards gradually and at last emerged
out of the surface. As for the pressure distribution in front of the
sphere, the point of maximum pressure was slightly shifted to the
side opposit to the free surface, thus exerting some driving foree to-
wards the free surface. C. Ramsauer® also studied the path of a
sphere shot into the water with small incident angle. It followed

1) E. de Jonquiére, C. R. 97 (1883), 1278.
2) C. Ramsauer, Ann. d. Phys. 84 (1927), 721.
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water®. Now in the case of harpoon, however, with such a long stem
trailing heavy rope, it is questionable in what extent the flatténing
the head is effective in comparion with the case of bullet. Great
difficulties will be expected to solve the problem only from the side
of the mathematical calculations. In Fig. 2, a schematic diagram of
expected formation of cavitation in water due_to the head of harpoon.

4 CENTRE OF GRAVITY
CAVITATION

Fig. 2. Harpoon moving in water. In case of slight inclination of
the axis of harpoon, the force acting at the flattened head surves
the restoring effect.

So, in the course of the test work of Taiheimaru No. 1 mentioned
above, following preliminary experiment was made in the harbour of
Kusiro, Hokkaido, in September, 1949.

3. Experiment on flattened head harpoon

The tip of the ordinary grenade of harpoon was cutted off and
the inner cavity was filled closely with hard wood making a flattened
head. Two kinds of such grenades were prepared, the diameters of
the flattened areas being 93 mm and 78 mm respectively. The ordinary
harppons equipped with these grenades were shot at the distance of
about 50 m from the gun. An usual pointed grenade was also tried
for the eomparison. Three small boxes were floated along the line- of
shooting at the distances of 25 ken (45.5 m), 30 ken (54.5 m) and 85 ken
(63.6 m) respectively as the markings of distances for naked eye obger-
vation. A straw-mat (2x2m? was suspended vertically under the
second box for the indication of the path in water. The results are
shown in Fig. 8, which contains also the results obtained at the later
experiments.

The flattened head harpoon with the dlameter of 98 mm proceeded

) 4) T.F. Framantle, <“The Book of the Rifle”, (1901) 304 Scientific American, 68
(1918), 125.

T. Isobe made a detailed experiment on 6.6 mm bullet with flattened head in

1948, though not published officially, of which the writer -was told by his kind personal

communication, . . L
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. . Fig. 8. Behaviour of ,harpoqn striking the water surface. _ :
1) Pointed. 2) -Plain, 93 mm. 3) Plain, 73 mm.
4) Plain, 93 mm. . 5) Plain, 98 mm. 6) Disc, 101 mm.

7 Dise, 101 mm. 8) Dise, 126 mm.

in water trailing a straight streek of cavitation as long as 20m in one
case (Fig. 38 (4)), while in the other case (Fig. 3, (2), (6)), the harpeon



—HRBIENEAN BAEREEIRITPR
THE IN'STITUTE OF CETACEAN RESEARCH



—HRBIEEA BRI
THE IN'STITUTE OF CETACEAN RESEARCH



—HRBIENEAN BAEREEIRITPR
THE IN'STITUTE OF CETACEAN RESEARCH



206 ‘M. HIRATA

mm in diameter seemed suitable under usual conditions, and such
grenades of explosive harppon have been tried in practice by some of
the gunners with good results in the neighbouring waters of Japan
a3 well as in Antarctic ocean since the winter of 1949 (Fig. 7). -

5. Supplementary -experiment

An additional experiment was carried out in August, 1951, with
the gun placed on the coast of Ayukawa concerning various modified
types of grenades such as shown in Fig. 8.

a f g h i

Fig. 8. Various types of grenade,
a) Plain, 90 mm. e) Pointed.
b) Plain, 80 mm. f) Concave, 90 mm.
¢) Plain, 50 mm. g) Tray, 90 mm.
d) Concave, 40 mm with claws h) Pipe, 90 mm.
along the periphery. i) - Pipe, 80 mm.

Three sheets of straw-mat were suspended vertically in water
fixed by wooden frame, separating 2m with each other, for the pur-
pose of determining the path of harpoon in water. At the same time,
high speed cinematographies were taken with the rate of 130 frames
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per second. The velocity of harpoon at the instant of incidence into
water was about 75 m per sec., while the angle of incidence being 8°.
Some of the results are depicted in Fig. 9.
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Fig. 9. Paths of harpoons ‘Wwith various types of head.

a) Plain, 90 mm. e) Concave, 40 mm, with claws along

b) Plain, 80 mm. . the periphery.

¢} Coneave, 90 mm. f) Plain, 50 mm.

d) Pipe, 80 mm.

It ig revealed that the efficiencies of restraining ricochet of the
head with concave surface as well as with thin walled pipe, which
are originally planned for the purpose of prevention of slipping at the
surface of blubber, are inferior to that of flat surface with the same
diameter; while their velocities in water drop more quickly.
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