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ABSTRACT

With the development of nuclear industry
throughout the world, and growing concern about as low
as reasonably achievable discharge to the environment,
the treatment of radioactive waste 1s becomine
increasingly important. The volume reduction of medium
and high level liquid waste Dbefore leak tight
containment aims to ensure zero leakage to the
environment, but +this is inherently a costly process
because of 1its operational heat requirements and high
standards of plant fabrication required to ensure
reliability, and minimize maintenance when substantial
amounts of radiocactivity are involved. It 1is important
therefore, when an evaporation system is to be used
that all the parameters are carefully assessed to
ensure that most economic solution is applied to meet
the specific requirements. A comparison of technical,
economic and safety aspects of various types of
evaporator systems available for wvolume reduction.
revealed the superiority of vnatural thermosyphon type
of evaporator for concentrating radioactive effluents.
An evaluation of operating performance of such natural
thermosyphon evaporators revealed wide variation due to
process and design parameters. In this work
experimental investigations were carried out to find
the effect of process and design parameters on the

thermal hydraulic behavior in a natural thermosyphon



evaporator during boiling of liquid solutions whi *h are
similar to radiocactive effluents generated in varicons

processes of nuclear fuel cycle.

In a natural thermosyphon evaporator system
the circulation of solution from the flash chamber to
reboiler 1s caused by the difference between tLhe
hydrostatic head of liquid, and the two phase vapor
liquid mixture in the reboiler. Since the weight
fraction of vapor generated and the amount of heat
transferred by the reboiler are functions of this
circulation rate, an analysis of reboiler operation
must simultaneously consider the hydrodynamic and
thermal characteristics of the system. During baoiling
of radicactive solutions the exit vapor fraction from
the reboiler have to be kept quite small to prevent
deposition of salt and radionuclides on the tube
surface and to keep the rate of scaling of tubes within
reasonable limits. "The boiling at greater vapor
fraction produces slug flow in the reboiler tubes and
prevents steady operation. The pulsating flow and
collapse of wvapor and 1liquid slugs increase the
entrainment of liquid droplets with the vapor and
reduce:. the decontamination efficiency of a radicactive
effluent evaporator. Consequently process conditions
suitable to generate low exit vapor quality with high
recirculation rate are desirable during concentration

of aqueous radio-chemical solutions.



A well instrumented experimenta: tLest riy was
designed and fabricated to carry out the experiments
with six different designs of the reboiler teoest
sections. Two reboiler test sections had 52.5mm and
26.6mm diameter single vertical tubes, and four tube
bundle reboiler test sections had tubes of 26.6mm,
20.91mm, 15mm and 12.5mm diameter respectively, while
retaining same tube height for all test sections.
Experiments were also done on a pilot scale rebouiler
which had 14 numbers, 20.93mm I.D, 2m long reboiler
tubes. The experiments revealed that design
parameters, as well as operating process éunditimns
influenced the thermal hydraulics and performance ¢ f &
thermosyphon evaporator. The first phase of
experiments were done to find the effect of process
variables such as liquid submergence in the reboiler
tubes, temperature differential on the heat flux, vapor
produced, recirculation flow rates and resiltant heat
transfer coefficients. The second phase included
evaluation of thermo physical properties of aqueous
solutions (containing Sodium Sulphate, Sodium Nitrate
and Sodium Chloride) which are normall!y present in the
radioactive effluents. This was followed by
experiments on boiling of such aqueous solutions in the
experimental thermosyphon reboilers. In addition,
influence of physical parameters, diameter and height
of the reboiler tubes on the system performance has
also been investigated. The fouling resistance during

boiling of these aqueous solutions was found to

1B



increase with time. The increase in tube diameter and
velocity produced smaller vapor fraction during
evaporation and rate of increase of fouling resistance

was found smaller. -

-

An analysis of the experimental results
demonstrated that good recirculation flow and heat
transfer 1s obtained when suitable hydrostatic level in
flash chamber was maintained to produce 70 to 80
percent liquid submergence in the reboiler tubes. When
liquid submergence in reboiler was smaller than 70
percent of the reboiler +tube height, most of the
solution vaporized by the time it reached the top of
the tubes. Thié resulted 1in large exit vapor fraction
and excessive scaling of the reboiler tubes. The
recirculation flow was low with smaller diameter tubes.
The vapor produced per unit area reduced for the
reboilers of greater tube diameter. The recirculation
flow also reduces when more than 90 percent 1liquid

submergence is used.

The experimental data obtained from all the
thermosyphon reboiler systems were analyzed and the
results have been presented in graphical forms. A
correlation have been develouped for fouling resistance
during boiling of such aqueous solutions as a function
of recirculation flow rate and tube diameter. The
measurements of liquid phase recirculation flow in the
experiments have enabled accurate estimation of the

actual vapor quality at the exit of the reboiler.



Based on the experimental results of the thermosyphon
systems in the present work, a realistic design
procedure has been evolved. Using the existing
correlations availlable in literature for pressure drop,
hold up and heat transfer, the operating performance
has been theoretically predicted and compared with
experimental data. The new design method and
calculation procedure provides the basis for equipmen£
design and predicting cptimum operating conditions for

any prescribed duty.
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