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ABSTRACT

Burnout tests were conducted in Freon-l2 at four different inlet pressures
for four uniformly heated annuli, and three different inlet pressures for a
19~rod cluster (the respective inlet to critical pressure ratios being 0.21,
0.26, 0.33, 0.40 and 0.26, 0.32, 0.41). For the rod cluster, the ratio of
the heat flux on the ocuter rods to the heat flux on the inner rods was 1.6.
All annulus test sections were internally heated except one whose outer tuhe
{(shroud) only was heated. Resistance heating using d.c. power was used.

Results show that, in general, for a constant inlet subcooling,

increasing inlet pressure caused a non-linear decrease of burnout heat flux

{continued)



for mass velocities up to 4 Mg m2%s !, an apparent independence of burnout
heat flux from inlet pressure waé observed for the réd cluster at a very
small value of mass velocity (50 kg'm'zs-l). At a high mass velocity (4 Mg
m 25" '), the internally heated annulus had a significantly greater burnout
heat flux than the corresponding externally heated one.

The CISE burnout correlation,modified for the effect of inlet pressure,

generally underpredicted the burnout heat flux by up to 40 per cent.
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1. INTRODUCTION

Following tests on the effect of pressure on burnout in a tube (Ilic
1974), results are reported of the subsequent tests with more complex test
sections; these comprised four annuli and a 19-rod cluster.

In addition to enabling comparison of the performance of the geometrically
complex test sections with that of a tube, the data provided should be useful
for current investigations of burncut scaling laws.

2. APPARATUS AND DATA COLLECTION

2.1 The Burnout Rig and Test Sections

All tests were done on the Freon-12 rig ACTOR described elsewhere (Ilic
1972). Briefly, the rig is a closed loop with a liguid capacity of about
340 kg of Freon-12, a maximum operaﬁing pressure of 2 MPa and a d.c. power
supply up to about 300 kW. The circulating pump is rated at 6.4 % s ! at
200 kW and a head of 43 m.

All test sections were made of stainless steel and were resistance
heated. They consisted of four annuli coded 2F, 8F, 14F and CE29952 and a
19-rod cluster. Two of the annulus test sections, 8F and 14F, were identical
in construction the only difference being in the manner of heating; 4in the
former, the inner rod was used as a heater, while in the latter the shroud
only was heéted. Dimensional details of test sections are given in Tables
1l to 5. Layout of the 19-rod cluster is shown in Figure 1. -

2.2 Instrumentation

The mass flowrate was measured with a multiorifice system (V. Ilic,
AAEC unpublished report), especially designed for operation on the Freon-12
rig ACTOR. Pressure drop across an orifice plate was indicated by a
differential mercury manometer. The pressure difference thus obtained was
substituted in the mass flow equation derived either from British Standard
B51042: Part 1, 1964, if the mass flowrate was greater than 0.2 kg s”!, or
from calibration data for non-standard orifices (V. Ilic, AAEC unpublished
report}) if the flowrate was less than 0.2 kg !, The fluid temperature at
the inlet to the test section was measured by a chromel-alumel thermocouple
situated 2 m upstream of the orifice and read off the printed record from a
multipoint temperature recorder.

The power to the test section was obtained from measurements of the
voltage drop between heater power clamps and the current through the test
section. The latter was obtained by measuring the voltage drop across a
calibrated precision resistance in the power supply line. The test section

pressure drop was measured by means of a differential mercury manometex.



The test section inlet static pressure was obtained from a pressure indicator
connected to a pressure transmitter unit. All the above data were manually
recorded.

Owing to test section construction, static pressure drop at burnout
includes the pressure drop over 76 mm (38 mm at each end of the annulus test
section) of unheated test section length for test sections 2F and 8F. With
heated outer test section 14F, brass clamps 64 mm long were used, such that
the heated surface was 38 mm below the top pressure tapping and 38 mm above
the lower pressure tapping, each of which was straddled by a brass clamp.

Burnout detection was achieved by means of a thermopile in each of the
18 heater rods in the cluster test section, and a bridge type detector in the
annuli. The thermopile detectors consisted of four chromel-alumel thermo-
couples connected in series and equally spaced around the periphery at the
same axial position within each heater rod., Sets of three thermcpiles were
monitored by a trip amplifier, which was set to switch off the power to the
test section when the temperature difference between the hot and cold
junctions exceeded 30°C. The hot junction was about 1 cm below the downstream
end of the heater, while the cold junction was about 30 cm upstream from it.

2.3 Experimental Method

In all cases, the required flow conditions were initially established
and altrial burnout obtained through a fairly rapid succession of test section
power increments. The power was then reduced such that the test section
voltage was about 0.5V below the burnout value, and conditions were allowed
to settle. The burnout was then approached at small power increments, until
the pen monitor registered a substantial deviation in the burnout signal
{corresponding to a power variation of the order of 1 watt). A record was
then made of all the relevant parameter values.

2.4 FError Estimates

The estimate of random errors associated with each measurement is given

below:
flowrate * 1.5% heater power t 2%
inlet pressure + 14 kPalheater area + 0.6%
inlet temperature t 1°C pPressure drop t 1%

3. RESULTS AND DISCUSSION

All data have been tabulated in Tables 1 to 5. The salient features of

the effect of the inlet pressure on burnout heat flux are shown in Figure 2



for an arbitrarily chosen inlet subcooling Ahi = 18 kJ kg'l.

All figures show in general a non-linear decrease of burnout heat flux
with increasing values of inlet pressure. The decrease of the burnout heat
flux with increasing values of inlet pressure might be expected since the
latent heat of vaporisation also decreases with pressure. However, other
factors must be involved because at high values of mass flux and high values
of inlet pressure, there is a tendency towards an increase in the burnout
heat flux with an increase in the inlet pressure. The existence of such
'peéking' was reported by Collier (1972) for tests with water in round tubes.

Comparative performances of all annuli used in these tests are shown in
Figure 3 for a high and low value of mass velocity (4 and 1 Mg m 25! res-
pectively), and inlet subcooling of 18 kJ kg"l. At both mass velocities, the
performance of annulus CE29952 was the poorest, while annulus 2F obtained
highest burnout heat flux at the same inlet pressure. The burnout heat flux
¢f the internally heated annulus 8F is significantly higher than the
externally heated annulus 14F at the high mass velocity. At the low mass
velocity (1 Mg m %s™!),the performancesof the two test sections are nearly
identical,

The wide variation in test section performances is associated with the
geometries, heating modes and the presence of spacers in the annular space.
Although test sections 2F, 8F and 1l4F each have the same heated length and
inner rod diameter, 2F has the largest annular gap, which enhances its
performance at a given mass velocity.

Annulus CE29952, on the other hand, is one and a half times longer than
other annuli and has the largest annular gap. In general, it has the smallest
burnout heat flux (at high mass velocities and inlet bressures its performance
is almost identical with that of annulus 14F). The reason for this behaviour
may be partly the relatively smaller amount of flow mixing, as the
heater rod was supported at planes set further apart than in other annuli
(91 cm in contrast to 15 cm). It is probable that eccentricity of the inner
rod could have also adversely affected the CE29952 annulus performance.

The mass velocity through the éluster test section was considerably
smaller than in annuli because of the large flow area. However, its burnout
heat flux was comparatively high, probably owing to the considerable flow
turbulence caused by spacer grids providing an effective area blockage of
36 per cent (flow area blockage caused by spacers in annuli was about one
third this figure). Contrary to results at high values of mass velocity,

the burnout heat flux at 50 kg m %s™ ! and constant inlet subcooling was



independent of inlet pressure.
The CISE burncut correlation, modified for the effect of inlet pressure

{(Cumo, Ferrari & Urbani 1972), was used in the following form:

a+b

W= X F.A.J
1-4 G
1+D X (—-—1000) xC
Pu . 1-r
where a = = ——
v (1o00)
1c00
Ahi
b = T""
1
= (Lo pyore 2
C = (R 1)
F = Gk, (& -3d)
1
+— - R
Jg=1-1 )
(z‘“ R)
kl = 378.5738
k. = 0.7853976

The comparison of the burnout power estimates using this correlation
revealed almost consistent underprediction (up to 40 per cent) in all cases.
Error histograms were constructed expressing the difference between the
burnout correlation estimate and the data as the percentage of the experi-
mental value for the burnout power (Figure 4). Since the correlation does
not take into account the effect of spacers on burnout, the trend shown in
Figure 4 is reasonable.

4, CONCLUSIONS

(i) The burnout heat flux varies non-linearly with inlet pressure for
the annulus and rod cluster test sections. In general, as was found for
round tubes, increasing the system pressure decreases burnout heat flux for
a given inlet subcooling.

- (ii) At a very low mass velocity (50 kg m 25" '), the cluster test
section showed independence of the burnout heat flux from the system pressure

for a constant value of inlet subccoling.



(iii) The CISE burnout correlation modified for the effect of system
pressure, generally underpredicts the experimental data by up to 40 per cent.
The agreement was better where the effect of spacers was small.

5. RECOMMENDATION

Since the CISE burnout correlation does not take into account the
effect of spacers and grids, comparison with the burnout data obtained for
test sections with spacers and grids gives a guantitative measure of their
effect. Further study of this is desirable because of the importance of
spacer effect for the estimation of the fuel rod burnout power.

6. NOMENCLATURE

(i) Roman letters

A - area
a - diameter 4AF
D - hydraulic diameter = 5
A
G - mass velocity
h - enthalpy
L - heated length
P -  perimeter
p - pressure
R - reduced pressure = 2
0
W - burncut power
(ii) Greek letters
A - a small portion
A - latent heat of vaporisation

(iii) Subscripts
- critical
- experimental

- flow

Hom\moQ

iniet

-
¥

- rod

shroud

£ W K
|

- wetted
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TABLE 1
BURNOUT DATA FOR THE 19~ROD CLUSTER
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TABLE 2
BURNOUT DATA FOR ANNULUS CE29952
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FIGURE 1. 19-ROD CLUSTER LAYOUT
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FIGURE 2. BURNOUT HEAT FLUX VARIATION WITH INLET

PRESSURE AT 18 kJ kg-! INLET SUBCOOLING

FOR A RANGE OF MASS VELOCITIES FOR A
19-ROD CLUSTER AND FOUR ANNULI
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FIGURE 3. COMPARISON OF THE PERFORMANCE OF THE ANNULUS
TEST SECTIONS AT 18 kJ kg'] INLET SUBCOOLING
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