
13 - 1

SCALING REQUIREMENTS FOR AN EXPERIMENTAL FACILITY
TO STUDY THE THERMOSYPHONING BEHAVIOUR

O? A CANDB REACTOR

J.-C. Amrouni
S. Nijhawan

IDEA Research
1588 Queen Street East

Toronto, Ontario M4L 1G1

A.M.M. Aly
R.L. Ferch
A.M. Omar

Atomic Energy Control Board
P.O. Box 1046

Ottawa, Ontario KIP 5S9

Introduction

This paper presents scaling criteria for a the nnosyphoning facility
which would be used to simulate the behaviour of a CANDU reactor under
boundary conditions postulated to produce thermosyphoning flows.

Thermosyphoning, or natural circulation, is the mechanism by which decay
heat is removed whenever forced circulation becomes unavailable. Flows
which transport heat from the core to the heat sink(s) are driven by
gravity head differences, which in turn are determined by the flows.
The resulting flow pattern is dependent on both the initial conditions
and the nature of the transient following loss of forced circulation,
and may be either single-phase or two-phase. In general, single-phase
theTTnosyphcning is reasonably well understood. UniieT tvo-phase
conditions, ultimate removal of heat from the core to the steam
generators may be limited by separate effects such as flooding, reflux
condensation, and channel-to-channel interactions, which cannot be
modelled adequately with present analytical methods. These effects have
been observed in separate effects tests, but not in an integrated <and
representative geometry. Because of the nature of thi complex phenomena
involved, an integrated experiuental facility with unique design
features is under investigation tor the specific purpose of studying
thermosyphoning behaviour.

Scaling Rationale

In order to separate the effects of the major independent variables
(channel elevation, feeder geometry, and channel power), a minimum of
five channels per pass were considered necessary. Economic
considerations also dictated a reduction in the size of these channels
from the prototype. The balance of the system was then scaled
accordingly.
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Scaling is an attempt to reach a mathematical equivalence of analogous
physical systems. When the same set of equations adequately describes
the behaviour of two systems, either of the systems may be employed to
describe the other. No simple scaling method is capable of preserving
all of the two-phase phenomena of interest, so compromises must be made.
Kocamustafaogullari and Ishii (Reference 1) have developed two-phase
similarity laws for natural circulation loops using a one-dimensional
drift-flux model. These laws, together with specialized scaling
approaches for the core, headers and steam generators, were used to
scale the facility.

In order to preserve some of the subchannel phenomena of a 37-element
fuel bundle while meeting economic requirements, only the two inner
rings of a CAJJDU fuel bundle were simulated at approximately full scale.
The calculated channel length ratio was slightly less than one-half. We
chose therefore to generate similarity ratios starting from a length
ratio of 0.5. The resulting channel scaling parameters were:

Length ratio 0.500
Hydraulic diameter ratio 0.841
Area ratio 0.196
Volume ratio 0.098
Power density ratio 1.414
Total power ratio 0.139
Time ratio 0.707
Velocity ratio 0.707

These scaling parameters cannot be applied arbitrarily to all the
components of the system. Some components required special scaling
attention. Scaling of the headers was based on scaling the flow path
from an average feeder through the header. In order to isolate the
effects of channel-to-channel interactions, two pairs of channels of
different elevations were connected to the headers across from each
other, and one channel was connected to the middle of the header.
Provisions to investigate the effects of changing this arrangement have
also been considered.

The system geometry was preserved by maintaining the number and location
of flow paths and piping bends, and keeping the end fitting geometry as
representative as possible, in terms of both thermal and hydraulic
characteristics.

The primary heat transport system has been scaled in its entirety, but,
in general, auxiliary systems have been scaled only as boundary
conditions. The steam generator was scaled for its heat removal
capacity and pressure drop; it was designed to be of half the full-scale
height, with 28 tubes. This preserves the pressure drops, but decreases
the scaled heat transfer surface area by about 50£. Adjustments in the
secondary side conditions would be made to compensate for this
distortion.
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Conclusion

Experimental data from a facility designed using consistent scaling
criteria and laws would provide qualitative insight into the
phenomenology of thermosyphoning in CANDU reactors. The results could
also aid in developing guidelines for plant operational procedures
following loss of forced circulation, help develop integrated
phenomenological system codes, and provide input to research into
separate effects such as header behaviour. The usefulness of such a
facility is strongly dependent on the level of care and effort taken
during the scaling and conceptual design phases of the project.
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