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Development of Submergible Horn Antennas for Under
Water Rock Excavation by Microwave

Hidetoshi TAKAHASHI*
Tadasu OKUDE*#
Hiroyuki YAMAYA#%%
Shigern MATSUMOQTQ#*#

Synopsis

Authors have developed submergible horn antennas with ring shaped water jet and compressed

air for under water rock excavation by microwave.

Aspirating effect, bubble crushing effect and curtaining effect of the ring shaped water jet,

and compressed air which is blown into inside the ring, create stabilized dry zone just beneath the
horn antenna, or between the antenna and rock surface.

1
el
(3)
(4

(5)
©®

(7

A series of experiments on the submergible horn antennas lead to the results as follows.
Reflected power from rock surface can be suppressed less than 4% with employing irises
inside the wave guide.

Reflected power from rock surface is less than 4%, when dry zone is created.

Existence of water in the dry zone raises the reflected power, in the case of under water use.
Power density distribution of microwave radiated from the submergible horn antenna
dominates the temperature distribution inside the rock.

Ability of forming dry zone of the submergible horn antennas is represented by momentum
per unit arc length of the ring shaped water jet, and the ratio between compressed air supply
and volume of dry zone.

In the case of sloping rock surface, the nozzle face of ring shaped water jet must be parallel
with the rock surface, and it needs more compressed air supply to create dry zone.

Flow line of ring shaped water jet may be calculated with the aid of momentum theory.
Electric arc, or spark happens only when water remains in the dry zone. Electric field
intensity is raised by multi reflection of microwave between the horn antenna and water
surface, existence of drops of water and narrow gaps between materials in the dry zone.

Ions such as a Na* from heated sea water are blown off from the dry zone, and they are not
triggers of electric arcing.

Excavating effect of the microwave on mortar blocks and granites under water is not inferior
to the effect in the air,

* Senior Research Engineer, Machinery Division
*% Chief of Working Craft Development Laboratory, Machinery Division
*** Member of Working Craft Development Laboratory, Machinery Division
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