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ABSTRACT

A preliminary heat transfer analysis far the fuel
elements in the fluidized bed auclear reactor under
transient iz performed. It i8 seen that even under
axtreme adverse conditicons, the integrity of the
fuel elements is conserved,

[NTRODULTIOR

A reactor design based on the fluidized-bed concept
has been propoesed ' 1 |. The reacter is modular in design,
an idea that was also praposed later by others. A Teactor
of any size can be designed from the basic nmodule. The costs
of develapment, design, fabrication, and licensing will
thercfore be associated with the bhasic standard madule and

are consequently reduced.

The proposed reacter concept is especially adaprable
4 a small reascter. Developing countries with small elee-

trical prids or with a need for water desalination and same



industrial countries where small additions to existing grids
are now being vonsidered or where urban and process heating
are belng planned are showing a great interest in the small
reactors., A scaledown of existing large reactors that are
unecononical and a new reactor concept that alters tradi-

tional scaling laws have hecome necessary.

The proposed reaccar ia ao simple in design that
aven developing countries with modest induatrial infrastruc-
tures can develop, design, and finmally comnstpruct such a reac—
tor. This concept is currently being developed on the ba=-

sig of slightly enriched uranium that ia moderated and co-

oled by light water under pressure, Futurae studies will
include the use of prganic ¢onolants with & tharium fuel
cycle. The use of matural uranium with heavy water will

alsao be of great intercst.

The proposed redctor fulfills the objectiwves of de-
gign simplieity, inherent safety, economy, standardization,
hop fabrication, easy transportability, and high availa-

8
hility.

REACIOR DESCRIPTIOR

The nuclear reactor based vn the fluidized bed con-
cept proposed is modular in desipgn. The upper part of the
reactor module which include the vore and Lhe &team gene—
rataor consistsofl a 25 cm diameter fluidizing tube beinpg cir-
cumscribed by 8 hexagonal channel. The lower part of the
module consist of a 19 cm diameter fuel chamber surromded
by a ecircular channel which in turn is covered by a graphite

jacket.

An anel is formed between the fluidizing tube and
hexaponal channel and at its extension between Lhe fuel cham
ber and the circular channel where the coolant flows down
the module. In the upper part of the core, a movable sieve
acting s a fluidized bed level limiter separates the core
from the steam generator. & cylindrical neutron absorber

shell connected to the sieve moves alonp with 1t. & stean



BENGraror of the shell and twbe type ig integrated into

the upper part of the module.

Ingide the fuel chamber exist the aphierical fuel
elements of about 0.8 em in diameter made of alightly en-
riched uranium dioxide cladded by zivrcaloy, The fresh
fuel elementa are fed into the reactor core through the
the hollow shaft of the level limiter. The bottan of
the fuel chamber is pravided with a fuel discharge valwve,
The walve is aperated by a hydraulic aystem allowing che
fuel te be discharged from the fual chamber into a per=
manently cocoled storage tank. The module js provide with
2 predsurizer svatem which is tao keep the pressure a cons—
tant, and a depressurizer valve whicl leads tha steam to
the condenser intended to be wsged fer reducing the pressure

to allow the opening of the valve for refuel ling purposes

The caocled coclant gaining pressure in the pump
enters the combustion chambar after crossing the perflurations
in the distributer. 1t rises in the module and after ex-
ceeding a certain velocity limit, carries with it the fuel
pellets into the reactar cora, and thereaftréer fluidizing
them. The coolant after gaining heat from the G, Eranafers
it toe the steam generatar, returning to the pump through

the anel space.

The reactor is surroundeid by a praphite reflector

and a biological shield.

STEADY BTATE HEAT TRAKSFER EVALUATION

The thermal-hydraulic characteristice of the reactor
determine the fuel integriey, cladding integrity coolant

exit conditions, pumping requirements, and tecperature fesd=-

back for reactor neutronics calculations, The steady-
state heat transfer bechavior of the reactor undear va-
rious design conditions has been studied and published

previously 2 . 'The HOTBALL computer propram was dewelaped
in order to calculate the thermalhydraulic parameters of

the fluidized-bed nuclear reactor,



K

The ecoalant temperature distribution along the height
of the reactey for flov rates of 25 s and 30 1/s -ﬂuﬂﬂur
exagpgerated heat Eeneratinn conditions is evaluateaed. Tﬂe
distribution of the fuel pellel ¢enter temparature alonug
the reacter helght for a nominal [low rate of 25 i/s is
also ealeculated,., The waximum difference in fuel and clad
aurface temperature is - 5°C,. Tha temperature drop from
clad surface to fluid varies hetween 29¢ a4t the bottom and
59°C at the Eap.-af EHe reactol. The maximum temperatures

are [ar helow reactor safety limits.

Due to a8 high convective heat transfer coefficient
and large heat tranefer surface, the maximm power extracted
from theé reactor core is not limited Lo the matectal Cem=
perature Limite, hut to the maximum mass [low ol cooiant,
which corresponds to the deaired operaling porasiCy,

The heat transfer design will be based an the mini-
mum critieal poareosity. Fuel and coolant temperatures will
decrease as burnup increases, since the reactor will ocpe-
rate at higher porosities. The operational procedure is
to secure a low coolant Flew through the reactor within a
certain period of time after shutdown. Preliminary caleun-
lations show, however, that in case of a loss-of-flow ac=
cident or even a LOCA, in which immediately after shuldown
the decay heat generation rate is 6.,7% of the average ope-
rating power, no safety problem exiats because there is
sufficient praphite to absorb the decay heal realesed and
the decay heat is transformed to the water in the paml
located under the reactor. The option of removing the
fuel pellets £rom the core by opening the Ffuel discharge

valve always exists.

HEAT TRANSFER UKDER TRANSIENT CONDITIONS

An analysis of the 8 mm diametey spherical fuel
elements was made using Lthe lumped capacity technigue.For
the preliminary calculations, the method is expected to
he adequate since under accident conditions the Biot aumber

is wery small (Bi < 0,1). An energy balance on the fuel




element with volumebric thermal sourcé strenglh g™ {t) ‘due

tog [isaion, yields the fallowing equation
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where T is the time dependent fuel element femperature.
Tf’ P Cpﬂ, and d are coolant teuperature, density, apecific
heat , and diameter ol the fuel element respectively. The
reactor power varies exponentially with a pericd of 1fa.
The operating volumetric heat seneration is assumed to be
145 Wen" .

Fquatien (1) yields a splution in the following form
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and T 1ig the initial fuel temperTature.
0

The average coolant cemperature increase 18 evaluated
by equating the convecting heat transfer to the imcrease in
internal energy of the ceolant. It yields the following
equation:
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Whertu Tw ig the heated coolant temperature, U is the

superficial coalant velocity, and
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