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The existence of several regimes of boiling was first
clearly discussed by Nukiyama in 1934.

Max Jakob; “Heat Transfer”®

Nukiyama[1934], using a platinum wire, 0.14mm in
diameter, seems to have been the first to succeed in
obtaining a substantially complete boiling curve with a
maximum boiling rate at §s=45°C.
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It is a well known fact that the heat @ transmitted
from a metalic surface to boiling water increase with
their temperature difference 47. But it is not yet known
whether it has a maximum and minimum values. It was
impossible, for determining experimentally the maximum
value of @, to use a plane boiling surface of moderate
size because the value @Qmax was so large that no device
can supply this heat to the metal surface from behind it.

The author, therefore, adopted the following two kinds
of boiling surface:

1) The surface of wire stretched in boiling water.

The length of the wire was about 20 cm and its dia-
meter was 0.14 to 0.4mm. The test wire was introduced
in a branch of a Wheatstone electric bridge and the
relation of its temperature and the reading of the bridge
was formerlycalibrated with a small current from a
battery.

Next, by supplying strong current (up to 50 amperes)
from a D.C. generator, ebullition was caused at the sur-
face of the wire. The heat generated in the wire which
is equal to @ multiplied by its surface area was deter-
mined by a voltmeter and amperemeter, and the wire
temperature by the bridge. At the point when Q reached
its maximum value (at this point 47=40°C or the wire
temperature = 140°C) the wire melted, becaure by the
smallest change beyond this point the wire temperature
must change suddenly to a very high value, as the de-
creasing @ at this region cannot balance the electric heat
which is maintained approximately constant. Fig. 5 shows
the relation between 47 and Q. It must, however be
expected that though @ decreases due to the increasing
volume of steam in the vicinity of the surface, it must
have its minimum value where it begins to increase again.
For, at a very high temperature of the surface @ can be
very large due to the radiation. This is experimentally
proved to be correct by using platinum test wire of 0.14
mm diameter. The temperature of this wire, after having
reached its Q@msx point, rose suddenly several hundred
degrees of centigrade without melting. At this state the
wire was seen bright in the water. By the decreasing of
the heating current the state of the wire did not go back

545% 38 (1981)
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to the Qmasx point but its change occurred along a smooth

B 13

curve towards the origin until it reached the Qmin point.
At this point of minimum @, 47 decreased suddenly and
the state came to a point on the initial curve between
the origin and the point of Qmax. Fig. 9 shows the re-
lation between @ and 47 for platinum wire(d=0.14 mm)
during this process. The state between Qmax and @mia
is unstable and is shown by a dotted line on the figure.
It must, however be remarked, that the result on Fig. 9
is not accurate and has rather a qualitative meaning due
to the difficulty of the experiment.

2) The second boiling surface adopted was a circular plane
surface of 10 mm diameter marked by ab in Fig. 2. This
surface is a sectional plane of a cylindrical copper piece
of which lateral surface was heated by a heating wire.
By this arrangement it was possibly to supply sufficient
heat to the boiling surface ab. The heat Q transmitted
to water through ab was calculated from the thermal
conductivity of copper and the temperatures 71, T2 in the
copper piece. The temperature of the boiling surface is
determined by extending the temperature gradient be-
tween Ti, T2 to the surface. The result from this ap-
paratus is shown in Fig. 13 which does not differ much

from Fig. 5.
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