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ABSTRACT 

The paper summarizes the experimental tests carried out at the University of Rome "La Sapienza" - 
DINCE on the performance evaluation of a passive system for heat removal in emergency conditions. 
This system simulates a part of the innovative emergency decay heat removal system of the 
“inherently safe” MARS NPP, initially proposed by the University of Rome “La Sapienza” in 1983. 
This emergency decay heat removal system has been conceived so as to guarantee the long term 
cooling (“never ending”) without the necessity of intervention by any energized system, or by 
operators, but simply relying on the natural circulation of fluids, in a absolutely reliable system, which 
is almost completely static because it has only one component moving, but of passive type and 
redundant 400%. The University of Rome has already shown theoretically and through simple 
experimental tests the validity of the principles of the operation of the whole system and some 
components have been studied  thoroughly also experimentally (as the innovative check valve or the 
atmospheric-pressure condenser). The innovative cooling system can be applied also to several 
conventional industrial processes, as for the emergency cooling of chemical reactors, where runaway 
reactions could occur. To experimentally analyze the transient performance of the innovative system, 
an experimental facility has been designed and built. The NICOLE (Naturally Induced Circulation 
cooling Loop for Emergency) plant is a natural circulation cooling system, including an electrical heat 
generator providing up to 35 kW by electrical heaters, a circulating loop and a pool (heat sink) 8 m 
above the generator. A further loop can be connected to the pool, with an air-cooled heat exchanger to 
condense the steam eventually produced and maintaining the liquid inventory in the pool. The 

experimental plant (Fig. 1) is fully instrumented and 
controlled by a computerized system, by which also 
transient conditions in the power generations and 
pressure drops can be imposed. Several transients 
(simulating the emergency cooling system starting, 
upon request) have been studied experimentally, and 
some of these have also been simulated using the 
RELAP 5 computer program, whose results fit very 
well with the experimental data. In the paper, the 
NICOLE facility will be described, as well as well as 
the main experimental results obtained, compared 
with the results of theoretical simulations.  A 
discussion will be presented on possible phenomena 
affecting negatively the reliability of the system, 
owing to instabilities in the fluid flows in the cooling 
tower. Owing to the low driving force of the fluids, 
such instabilities could in principle occur: the study 
and the design of the geometry of the internals, the 
selection of the shape and position of the air windows 
deserves, for this, an absolute priority. 

Fig. 1 – Simplified scheme of the NICOLE plant 
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