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ABSTRACT
A resistance heated, uniform wall thickness, stainless steel tube
(16 mm i.d. x 2,860 mm long) with an upflow of Freon-12 (dichlorodifluoro-
methane) , subcooled at the inlet, was used to obtain data of the effect of
pressure on burncout heat flux. Values of reduced pressure (ratio of system
pressure to the critical pressure of the fluid) at inlet to the test section
were in the range 0.2 - 0.4, with mass velocity ranging 0.8 - 4.1 Mg mZg L,
Data are adequately described by an existing correlation, except at the

lowest test pressure (reduced pressure of 0.215) where the experimental

values of burnout heat flux were up to 40 per cent higher.
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1. INTRODUCTION

Data for the upper limit of heat transfer rate (burnout) are of
particular interest for design and accident studies associated with water-
cooled nuclear reactor systems. The main objective of this work was to
provide experimental data on the variation of burnout heat flux (BHF) with
test section inlet pressure (pi), at various mass velocities (G) and values
of inlet subcooling (Ahi). The effect of pressure on burnout power for the
simple tube geometry has been determined from measurements using Freon-12.

The data obtained, together with suitable water data, will enable
investigations to be made into the generality of BHF scaling techniques
initially developed for a single pressure (6,89 MPa in water); these are
currently under review and development at the AAEC Research Establishment.
2. DESCRIPTION OF EXPERIMENT

Tests were carried out in the RAEC experimenta; Freon burnout rig, ACTOR
{Ilic 1972), in which the test section was vertical and the flow of liquid
Freon-12 was directed through the test section in an upward direction. The
tube was resistance heated by d.c. current supplied by a 150 kVA voltage
‘regulated power supply.

2.1 Test Section

The test section, shown in position in the rig in Figure 1, was a stain-

less steel tube made to the following specifications:

Material stainless steel (AS-G1l9-321)
Length, mm (in) 2,860 (112.75)

Inside diameter, mm (in) [ 16.1(0.633)

Wall thickness, mm (in) | 1.1(0.045)

Resistance at 20°C, ohm 0.0342

Average inside surface
roughness of tube 0.5 x 107% mm (20 x 10°% in)

2.2 Instrumentation

The flowrate of liguid Freon-12 was measured by using an orifice plate.
The test section power was cbtained from separate measurements of applied
voltage across the tube, and voltage across precision resistance shunts.
These measurements were read off a digital voltmeter, as was the potential
drop across a platinum resistance thermometer used for inlet temperature
measurements. The temperature of the metered flow was measured with a chromel-
alumel thermocouple located 2 m upstream of the orifice plate, and read off

a temperature recorder chart.



The burnout indicator was a bridge device, similar to that described by
Salt & Wintle (1964); a change in resistance in one half of the test section
would cause an e.m.f. unbalance across a galvanometer, giving rise to the
burncut alarm signal. This was always confirmed by a thermocouple attached
to the test section wall at the outlet and in close thermal contact with it.
Both signals were monitored by a pen recorder.

The system pressure was measured at the test section inlet (Figure 1)
with a pressure transmitter and it was read off an indicator mounted in the
instrument‘console. 4

A 1.5 m mercury manometer was used for measurement of test section
pressure drop. The values of pressure drop presented in Table 1 have been
corrected for the gravitational head corresponding to the unheated length
from the upstream pressure tapping to the start of the heated length,

2.3 Method of Measurement

Trial burnout was reached by successive increments of power to the
test section, at suitable time intervals. Test section voltage was then
reduced by about 0.5 V, flow conditions were allowed to settle, and then
burncut was again obtained. For a given pressure at the test section inlet,
this was repeated for different inlet temperatures and mass flowrates.

2.4 Experimental Errors

The estimates of experimental errors are as follows:

flowrate + 1.3% power ¥ 1.3%
inlet pressure * 14 kPa { test section heated area  0.6%
inlet temperature | £ l1°C test section pressure drop | 1,0%

3. EXPERIMENTAL RESULTS

3.1 General

Burnout data recorded in the experiments were processed on an IBM360/50
computer using a specially developed computer program FREON (M.A. Cowper, AAEC
unpublished report). These data are tabulated in Table 1.

Exit quality and boiling length were obtained from a heat balance calcu-
lation, neglecting losses to the surrounding air from the test section and
copper power clamps. This is probably the reason that the quality exceeds 1

at low mass velocity.
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The BHF data were taken over the following ranges of parameters:

inlet pressure 'MPa (psia) 0.89(128) - 1.60(232)

mass velocity Mg m 257! | o0.81(0.6) - 4.07(3.0)
(10% 1b £t 20N

inlet subcooling | k7 kg™ !(Btu 1b™ 1) | 0.23(1.0) - 23.3(10.0)

These data are presented in Table 1 and the gsalient features are shown
in graphical form in Figures 2 and 3.

3.2 Observations and Discussion

The data are presented graphically in terms of burnout heat flux variation
with inlet pressure for four arbitrarily chosen values of inlet subcooling (O,
4.7, 14.0 and 23.3 kJ kg’l) for a range of mass velocities (Figure 2}. To
obtain the variation of burnout heat flux with inlet pressure, a series of
cross plots had to be made.

First, for a given inlet pressure, experimental data were plotted in
terms of burnout heat flux against inlet subcooling, the relationship, in
general, being linear for a given mass velocity. Then, for an arbitrarily
selected set of values of inlet subcooling, the coxresponding values.of burn-
out heat flux were obtained for each mass velocity used in the tests. 1In
particuiar, the data for the saturation inlet conditions were obtained by
linear extrapolation to Ahi=0. This enabled burnout heat flux versus mass
velocity plots to be made for each selected value of inlet subcooling for
the four inlet pressures. It was then possible to obtain values of burnout
heat flux for chosen values of mass velocity at a given value of inlet sub-
cooling and inlet pressure, such that the direct variation of burnout heat
flux with pressure could be plotted (Figure 2).

In general, burnout heat flux is a strong function of the system
pressure (Figure 2) for a range of values of mass velocity and four values
of inlet subcooling. The highest value of burnout heat flux seems to cccur
at the least value of inlet pressure. Increasing the inlet pressure generally
decreases the burnout heat flux for a given mass velocity and inlet sub-
cooling. Increasing either the mass velocity, the inlet subcooling, or both
enhances the burnout heat flux. It is interesting to observe that if the
inlet temperature is kept constant, the burnout power may increase with
increase of the inlet pressure over much of the pressure range {Figure 3).
This is qualitatively consistent with Collier's {1972) observations for water.

A representative sample of data was compared with predicted values using

the CISE burnout correlation adjusted for the effect of inlet pressure (Cumo



Ferrari & Urbani 1972):

A
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The distribution of error, defined as x 100 is shown in Pigure 4.
It is apparent that most (73.5 per cent) of thg data fall within 10 per cent
of the predicted values. Data showing maximum deviation are at the least
value of inlet pressure (0.89 MPa or reduced pressure of 0.215), which is
below the pressure range for which the burnout correlation is suitable.
4. CONCLUSIONS
{i) Over the range of inlet static pressures used (reduced pressures
of 0.215 to 0.390), the burnout heat flux usually decreased with increase in
pressure for constant values of inlet subcooling and mass velocity. The
variation of the burnout heat fiux with pPressure is non-linear and is not a
simple one; it depends to some extent on mass velocity and inlet subcooling.
(ii) Comparison with a recent version of the CISE burnout correlation
shows that 74 per cent of the data fall within * 10 ber cent of the predicted
values. The only substantial deviations (> 12 per cent) were for the least
value of the inlet pressure which is below the minimum pressure for which the
correlation was developed.

5. RECOMMENDATIONS

(i} BAs a logical extension of the burnout data investigation with a
tube, similar experimentg ought to be carried out, with test sections of more
complex geometry, to ascertain the suitability of the CISE or a similar
burhout correlation.

{(ii) It would be interesting and, perhaps conducive to a better under-

standing of the burnout phenomenon, to investigate in more detail the effect
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of pressure on burnout in the region of high mass velocity and subcooling.

6. NOMENCLATURE

(i) Roman letters

- hydraulic diameter

- mass velocity

- enthalpy

heated length

-  pressure

- reduced pressure = 2.
Pe

- temperature

5= o« W W @ U
1

- burnout power

(ii) Greek letters

A - a small portion

A = latent heat of vaporisation
(iii) Subscripts

B - Dboiling

BO - burnout

¢ - at the critical point

E - experimental

1 - inlet

(iv) Abbreviations

BHF - burnout heat flux
BOP - Dburnout power
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FIGURE 1. GENERAL ARRANGEMENT OF THE TEST
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FIGURE 2. VARIATION OF BHF WITH p; FOR 0. 4.7, 14 AND

233 kJ kgl INLET SUBCOOLING
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FIGURE 3. VARIATION OF BOP WITH p; AT 40°C INLET

TEMPERATURE FOR MASS VELOCITIES
1.2 AND 3 Mg m-2s-1
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FIGURE 4. BOP CISE CORRELATION ERROR HISTOGRAM



