
NATURAL CONVECTION IN A SEMI-ENCLOSED ANNULUS

+ + * +

Ainsworth R. W. , Aitchison G. F. , Davidson J. , Hallas N. J.

ABSTRACT

Extensive experimental work has been carried out on a 3.72 m high

semi-enclosed annulus to study heat and mass transfer from a heated lower

plenum to the cooled annulus walls. The experimental results indicate the

presence of hot gas lobes which tend to rotate around the annulus, and that

asymmetry in the annulus stablises the flow.
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1. INTRODUCTION

In all pool type LMFBRs the hot sodium is separated from the cooled roof by
argon cover gas. Since the sodium is typically 400 to 500°C hotter than the
cooled roof natural convection may give rise to enhanced heat and mass
transfer between the sodium pool and the roof structure. This problem is
particularly important in the annular gaps which are formed between
penetrations, such as the intermediate heat exchangers and pumps, and the
roof itself. Here an unstable situation, of a hot open plenum below an
annulus with cooled vertical walls can lead to time dependent, enhanced heat
transfer to the annulus walls.

A comprehensive series of experiments have been carried out to study the heat
and mass transfer within a vertical annulus using air and water as working
fluids. Measurements of gas temperature and heat flux on the walls have been
made on a large 3.72 m high annulus rig, whose annular gaps were varied
between 10 and 200 mm. Both inner and outer walls were cooled, while a hot
plenum was maintained below the annulus. Mathematical models have been
developed to predict the thermal performance of this annulus.

2. EXPERIMENTAL PROGRAMME

2.1 Description of Apparatus

The annulus rig, shown in figure 1 consists of a 3.72 m high annulus made up
of a fixed outer steel cylinder of 0.67 m diameter. Several inner steel
cylinders were used in the rig to obtain a working gap of 10, 30, 50 and
200 mm. The inner cylinder could be moved to produce an accentric annulus.
The bottom of the annulus was opened to a plenum containing heaters which
could be controlled up to 250°C. Both inner and outer walls of the annulus
were water cooled and were maintained at 25°C.

Temperature measurements were made using chromel/alumel thermocouples. These
monitored gas temperature distributions in vertical, azimuthal and radial
direction: at six specific vertical locations and at ten radial positions at
each height. Thermocouples near the mouth of the annulus (at 0 and 10 mm
from the entrance) were mounted on a rotating carousel which enabled
measurements to be taken at any angle around the annulus. Heat flux
measurements using discrete heat flux meters positioned on the outer wall
were also made. The thermocouples were connected to a data logger/
micro-computer in order to enable various data sampling strategies to be
implemented . Because the temperatures were unsteady, certain thermocouples
were scanned 60 times from which mean and standard deviations were computed.

2.2 Programme of Work

The experiments investigated the effects of:

(i) Annular gap size (10, 30, 50 and 200 mm)

(ii) Base temperature (100-250°C)

(iii) Air purging, supplied at the top of the rig (flowrates from 200 to
720 1/min)

(iv) Vertical barriers inserted in the annulus

(v) Eccentricity of the annulus
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on the thermal performance of the annulus. Experimental work was also
undertaken to measure the mass transfer in the annulus by placing heated
water (at 5O-6O°C) in the lower plenum and collecting the condensate.

3. RESULTS

3.1 General Flow Structures Present in the Annulus Gas

Measurements indicated that gas temperature in the annulus is highest at the
mouth and then falls rapidly as one moves up the annulus. The radial
temperature distributions across the annulus showed steep temperature
gradients close to the walls, with a peak in temperature near the gap centre.
Simultaneous monitoring of thermocouples in two vertical lines on opposite
sides of the annulus suggested that the gas temperature on opposite sides of
the annulus were correlated; high temperature on one side corresponding to
low temperatures on the opposite side. This is clearly shown on figure 2
which presents the temperature/time traces for ten thermocouples at five
vertical locations, at two azimuthal positions positions which are 18O°C out
of phase. These results could be explained by the presence of rotating hot
and cold lobes of gas. These give rise to large temperature variations which
are observed with time and also account for the sychronisation of the hot and
cold temperatures being in phase with a 18O°C azimuthal displacement.

3.2 Effects of Base Temperatures and Annulus Gap

Figures 3a, b, c and d present the vertical temperature distribution in the
annulus for the four annular gap widths investigated, and for base
temperatures of 100, 150, 200 and 250°C. The highest base temperature
produces the highest temperatures in the annulus and were also observed to
give the greatest temperature fluctuation. Figure 3 also indicates how the
effect of gap width strongly affects the penetration distance of the hot gas.
For the narrow 1 cm annulus, the temperature of the gas is rapidly reduced to
the wall temperatures (25°C), while for the wide gaps, the hot gas from the
plenum penetrates all the way to the top of the annulus.

3.3 Effects of air Purging from the Roof

Figure Ha, b and c present the monitored vertical temperature distributions
when air is pumped in at the top of the annulus for the various gap widths.
The 5 cm annulus experiment showed that only at the top, did purging lower
the gas temperature significantly, while for the narrower annuli, purging
reduced the gas temperature along the whole annulus. This is partly due to
the fact that higher purge velocities were used for the narrower annuli, and
partly because of the enhancement in the natural convection heat transfer
which occurs as the gaps are widened.

3.4 Effects of Vertical Barriers

Experimental work using the 5 cm annular gap has been carried out with a
vertical barrier placed between the inner and outer wall. The average
vertical temperature profile was little affected by the barrier, however the
temperature distribution azimuthally around the annulus clearly showed that
the gas temperature adjacent to the barrier was relatively cold, while 180°
around the annulus was relatively hot. Figures 5a, b and c present some
characteristic results; figure 5a present the azimuthal temperature
distribution on a polar graph at the mouth and at 5 cm from the mouth of the
annulus. Figures 5b and 5c show the resultant temperature distributions for
the cases when the vertical barrier is Dlaced at 77° and 257°. From these
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results it is inferred that the barrier tended to stabilize the flows; with a
hot lobe entering the annular gap 180° from the barrier and a cold lobe
falling down the barrier. The barrier seems to prevent azimuthal rotation.

It is believed that the cold lobe is formed adjacent to the barrier, because
the barrier itself acts as a cold fin from the two cooled walls.

3.5 Effects of Eccentricity

The effects of eccentricity were studied for both the 1 cm and 5 cm annuli.
For the 5 cm rig, the inner tube was moved so as to form an accentric annulus
with a minimum gap of 1 cm and a maximum gap of 9 cm. The mean vertical
temperature distribution showed little change, however, the temperature
distribution in the azimuthal were strongly affected, showing high gas
temperatures in the region of largest gap and lowest temperature at the
narrow gap areas. These effects are shown in figures 6a and b which present
data for the 1 cm gap experiment. Figure 6a shows the azimuthal temperature
distributions for the symmetric annulus at the mouth and 5 cm from the mouth,
while figure 6b presents the results for the eccentric annulus, when the gap
at the 0° position was 5 mm and that at the 180° position was 15 mm. The
flow seemed to be stabilised in these experiments, ie. no rotating lobes were
observed.

i). CONCLUSIONS

An experimental programme has been carried out to investigate the thermal
performance of an annular gap with cooled walls, opened to a hot plenum at
the bottom. The results have indicated that, at the high Grashof numbers at
which the experiments were conducted, the gas flow and temperature of the gas
showed a high degree of fluctuation. The monitored temperature distributions
suggest the presence of rotating lobes of hot gas going up the annulus from
the hot plenum and cold gas going down the annulus, into the plenum below.
It was also demonstrated that the rotation of these lobes could be stopped
and replaced by stable hot and cold zones by either introducing vertical
barriers or constructing an eccentric annulus. It was found that the cold
leg was 'locked' at the barrier or at the narrowest point of the eccentric
annulus, while the hot leg was 180° from the cold one. Cold air purging from
the top only had significant effects on the temperature distribution in the
annulus at the highest air velocities, which occurs with the narrowest gaps.
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