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(83) Experimental study on thermal plumes generated in an open fracture

Kunio Watanabe*
Tai Sasaki**

Takashi Asaeda***

Abstract

Although thermatly induced flow of groundwater in fractured rock mass is being
studied by many previous authors, the flow behavior at the near field of a heat source
is not still clarified. The flow induced above a heated boundary is characterised by
the successive generation of plumes from thin conductive layer formed just above the
boundary. The study reported here is intended to make clear the nature of plumes in a
open fracture vertically developing from a horizontal plane heat source.

Hele-Shaw cell that is mainly composed of two acrylic plates of 200cm wide, 30cm
high and 1.5cm thick is used as a model of an open fracture. Interstice of 1.0mm wide
between these two plates is filled with distilled water. Heat is electrically sup-
plied from bottom of the cell by a rubber heater plate.. For insulation, plates of
polystyren foam of 3.0cm thick are mounded on both sides and top of the cell. Before
experimental run, thin layer of tracer (Water-blue) is prepared immediately above the
bottom with the aim to visualize the flow induced. Temperature distribution in this
cell is automatically measured by the use of seven resistance thermometers burried in
‘the hind wall of the cell.

It is clearly found that the pattern of transient change of flow can be devided
into following three stages.

(1) Conductive layer of several cm high is firstly formed above the heated bottom.

(2) After Tv seconds from the start of experiment, many initial plumes are generated
at almost regular intervals of Lv cm. Each plume forms a small convection.

(3) Some small convections are combined in each other to make a large convection.
Plumes are generated only at the downward-flow region in this large convection and
are transported toward the upward-flow region by the horizontal flow along the
bottom. In this stage,thin conductive layer of several mm high may exist just
the heated boundary.

In addition to these results, it is found that the Tv and the Lv values can be well

estimated from heat flux supplid and physical properties of water such as density, spe-

cific heat and so on.
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