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Land excavation for the construc-
tion of the 500 MWe Fast Breeder
Reactor (PFBR) has  commenced at
Kalpakkam, (Tamil Nadu). It is a  liq-
uid sodium cooled pool type reactor.
A way to design a reactor is to have
a lot of conservatism built into design
but this would prove uneconomical.
Conservatism can be reduced, pro-
vided one has a good insight into the
thermal hydraulic processes taking
place. With this in view, experimental
thermal hydraulic simulation has been
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Fig-1   Samrat Model

carried out for various components.
Analytical and Experimental investi-
gations have been in progress to
understand the complex flow,  tem-
perature patterns and flow induced vi-
bration characteristics.

Small scale models (1/24,1/15)
simulating the reactor operating con-
ditions have been employed for con-
ducting experiments with water.
These models were useful in gener-
ating data for analysis and code vali-
dation.  To further enhance the con-

fidence in the design of the compo-
nents immersed in the pool of the re-
actor and to reduce the scale effect
of small scale models, a larger model
was constructed. The Scale Model
for Reactor Thermal Hydraulics
(SAMRAT) is a one four scaled down
model of the Reactor Assembly of
PFBR (Fig.1). The model is geometri-
cally similar to PFBR and all major
dimensions of PFBR are scaled down
by a factor four.

SAMRAT model simulates the
present design. Due to the large size
of the model, better simulation of geo-
metrical details are achieved. The
fuel, blanket, storage and cavity zones
are simulated in the model. Fuel sub-
assemblies are simulated with sleeves
and  electrical heaters  placed inside
the sleeves to simulate decay heat
generation for natural convection
experiments. Inter-wrapper space
which plays a major role in natural
convection is simulated.

For FIV experiments, better simu-
lation is rendered possible due to
larger size and the results are directly
transposable to the reactor. The scope
of studies include assessment of flow
pattern, temperature profile, free level
fluctuation, gas entrainment, thermal
stratification, weir instability measure-
ments, determination of optimum
location of core monitoring thermo-
couples, thermal striping studies on
control plug, simulation of IHX sec-
ondary trip, decay heat removal stud-
ies by natural convection and FIV of
Control plug, inner vessel and ther-
mal baffles.

Studies in the model are conducted
using water as the simulant fluid.   The
GANGA water loop has been com-
missioned along with SAMRAT for
circulating water into the model for
the various  studies. SAMRAT is a
permanent model and is planned to be
utilized  even during PFBR operations
to examine any new phenomenon.
The flow and temperature of water
to be circulated is decided based on
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Fig-3   Instability   Regime for Weir Shell

the similarity criteria for each experi-
ment. The GANGA loop comprises
six centrifugal pumps coupled to elec-
tric motors of which   2 are 6.6 kVA
motors. There are two plate type heat
exchangers of 500 kW rating and a
cooling tower to remove 1 MWt heat.
The loop is designed to cater to the
various studies with flow control pos-
sible by means of pneumatically
actuated valves.

Hydraulic experiments were con-
ducted in isothermal conditions. The
velocity mapping of the flow entering
the IHX and velocity at the inlet of
the IHX were obtained by measure-
ments using Schilknet make 11 mm
diameter propeller anemometers.
Based on these velocities, the flow
entering each IHX was determined.
The plots of the velocity vectors were
compared with the analytical predic-
tions and a good match between the
theoretical results and the analytical
predictions were observed.

Free level fluctuation measure-
ments in the pool were conducted
using conductance wave gauges. In

situ calibration of the wave gauges
was conducted to accurately repro-
duce the results. The amplitude and
frequency of fluctuations were
obtained from the real time values
acquired using a fast acquisition Data
Acquisition System.

The primary baffle was instru-
mented with strain gauges and accel-
erometers for weir instability mea-
surements. Fig-2 shows the weir
arrangement in the model. In this
experiment, keeping the weir flow
constant, the fall height was varied
from 0 to 30 cm . The baffle system
became unstable for the flow rates
above 30 Cum/h for a particular
range of fall height.

The damping value of the shell
was estimated from the measured
spectra and was found to be 5% for
the predominant vibration mode of
4.25 Hz and the maximum strain level
recorded during instability is approxi-
mately 30 microstrains. The instabil-
ity regime for the ¼ th  SS model,  was
obtained from the measured results
(Fig-3).
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Inner vessel can  experience
vibration due to pressure fluctuation
acting on it due to high turbulence
present in the hot  pool. Strain gauge
based dynamic transducers were used
for measuring RMS value and power
spectra of   pressure fluctuation at
different meridional and azimuthal
locations of inner vessel. Maximum
value of the pressure fluctuation
measured is 400 Pa (RMS).
Normalised power spectra and
reduced frequencies of the measured
fluctuation from the model are directly
transposable to reactor condition.

Additional experiments for design
confirmation are in progress. The
tests completed so far have added
more confidence to the predictive
capabilities at the IGCAR,
Kalpakkam. Further new designs of
Control plug will be tested for deeper
understanding of the hydraulics and
to arrive at a better design for future
FBRs.

Fig 2  Weir Arrangement in ¼ scale Model
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