EXPERIMENTAL STUDY OF CRITICAL HEAT FLUXES IN BOILING
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We present results of an experimental test of a method for studying critical
heat fluxes in boiling water without destroying the electrically heated experi-
mental sections.

In various experimental methods used to determine critical heat fluxes in boiling, the
experimental sections are directly connected in an electric power circuit [1-3]. We de-
scribe the results of an experimental test of a method of studying critical heat fluxes by
using the spontaneous drop in electric current flowing through the experimental section as
crisis is approached to cut off the power supply and thus prevent the destruction of the
section.

The problem of preserving the experimental section in its initial form in an experiment
on the boiling crisis is rather important, particularly in technical studies directed toward
increasing the critical heat fluxes. A reliable solution of this problem permits a sharp
reduction in the time required to perform the experiments and a decrease in the amount of
work to construct the experimental sections, which in many cases involve complex geometry
and technological fabrication.

Figure 1 shows a schematic diagram of our experimental arrangement for studying critical
heat fluxes in the boiling of water and organic coolants in a large volume. A characteris-
tic feature of the arrangement is the introduction into the ammeter in the secondary winding
of the current transformer of an optical sensor which transmits a signal to the protection
unit at the instant the current drops. Upon receiving the signal from the optical sensor,
the protection unit, which is made of standard elements (transistors, relay, thyristors),
triggers the magnetic starter to cut off the power supply to the experimental section. As
the heat flux gradually increases, the optical sensor lags behind the ammeter reading by a
definite specified amount. As the critical heat flux is approached, the experimental sec—
tion begins to overheat, its electrical resistance increases, and the electric current drops.
The optical sensor responds to this current drop, and the protection unit cuts off the power

0

“ [—!
| ‘
=3 }
-3 ko o
J 3 b &
o
2 =
@ S o
VS e
///_”_ ]
|| 5 6 7

Fig. 1. Schematic diagram of experimental ar-

rangement: 1) evaporator; 2) experimental sec-
tion; 3) condenser; 4) current transformer; 5)

low-voltage transformer; 6) voltage regulator;

7) magnetic starter; 8) voltmeter; 9) ammeter;

10) optical sensor; 11) protection unit.

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 40, No. 6, pp. 1019-1021, June,
198l. Original article submitted April 1, 1980.
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Fig. 2. Dependence of measured
value of critical heat flux qep
(W/m*) on AIL/I, %.

supply to the experimental section. In this method, the critical heat flux is found from
the maximum electric current and potential drop reached before the experimental section is
automatically cut off. These values are determined from visual readings or by recording
instruments.

It is easy to show that the smaller the difference between the readings of the ammeter
and optical sensor the greater the chances of maintaining the section in its initial form.
On the other hand, it is obvious that as this difference is decreased there is an increase
in the probability of cutting off the power supply because of random current fluctuations.
This can lead to an error in determining the critical heat flux.

To test this technique, we performed experiments to determine the dependence of the
measured value of the critical heat flux on the difference between the readings of the am-
meter and optical sensor. The experiments were performed on a vertical stainless—steel
pipe 11 mm in diameter and 60 mm high. The boiling of distilled water was studied at atmo-—
spheric pressure.

Figure 2 shows the results of experiments performed on a single experimental pipe. The
horizontal line corresponds to the average value of the critical heat flux under these same
conditions according to the data of [4]. The figure shows that our measured values of the
critical heat fluxes for values of AI/I from 1 to 12% are in satisfactory agreement both
with one another and with the data in the literature. It should be noted that the value of
the critical heat flux found by burnout of the experimental pipe at the end of the experi-
ments also agrees with the data shown in Fig. 2.

Thus, when certain conditions are satisfied, this method offers a completely reliable
solution of the problem of studying the boiling crisis by reusing the same experimental
sections.

NOTATION

qers critical heat flux; I, electric current; AL, difference between readings of am-
meter and optical sensor in units of electric current.
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