
This article was originally published in Engineering Edge Vol. 5 Iss. 1  
©2016 Mentor Graphics Corporation all rights reserved

mentor.com/mechanical  57

he increasing world energy 
demand and concerns over 
CO2 emissions have led to the 
search of sources alternative to 

coal and gas. The continuous increase 
of uranium production and demand 
(Figure 1) indicates that nuclear power 
is seen as a valuable alternative source. 
Indeed, China, India, South Korea, and 
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Figure 1. World uranium production and demand trends.

Russia remain committed to it even after 
the Fukushima accident and the global 
uranium demand forecast indicates a 
long-term growth.

In the world today, there are about 500 
commercial nuclear power reactors 
operating or under construction, most of 
which require uranium enriched in the U-235 

fissile isotope for their fuel. One of the most 
widely used technologies for enriching 
uranium is represented by centrifugation of 
gaseous uranium fluoride. In gas centrifuge 
enrichment plants, hundreds or even 
thousands of centrifuges are arranged 
in cascades. Each cascade is made up 
by stages containing a certain number of 
centrifuges (Figure 2).
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News in recent about the Iranian nuclear 
program has clearly shown how uranium 
enrichment is a sensitive technology from 
a non-proliferation point of view because it 
can be used for producing atomic weapons 
as well as fuel rods. For this reason uranium 
enrichment activities need to be subject to 
tight international control.

Most countries participate in international 
initiatives designed to limit the proliferation 
of nuclear weapons. Nuclear safeguards 
are measures to verify that states do not 
use nuclear materials to develop weapons 
and that they respect their obligations 
under international non-proliferation 
treaties. The European Union has set up 
a system of nuclear safeguards under 
the Euratom Treaty. In this framework, 
The Nuclear Security Unit of the Institute 
for Transuranium Elements at the Joint 
Research Centre (JRC) Ispra provides 
research, technology, instruments, technical 
services and training to the inspectors of 
the International Atomic Energy Agency 
(IAEA). The Non Proliferation analyses of 
Gas Centrifuge Enrichment Plants make 
regular use of advanced numerical modeling 
techniques supported and/or validated 
with data acquired during field inspections. 

Figure 3. Example of a gas centrifuge enrichment plant.

Figure 2. Schematic representation of a centrifuge cascade for uranium enrichment.
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By adopting this approach, normal and 
off normal conditions can be tested at an 
early stage improving the odds of a timely 
detection of eventual misuses or diversions 
of Nuclear Materials.

The numerical simulation of Gas Centrifuge 
Enrichment Plants presents many 
important challenges:

• Fluid properties: uranium hexafluoride is
a heavy gas, having a density about 10
times larger than air;

• Flow conditions: the system works at
low pressure (around 500 Pa) and with
extremely small flow rates, in the order
of micrograms per seconds;

• System complexity: plants contains
hundreds or thousands of centrifuges;

• Physical complexity: the isotope
separation process takes place in
centrifuges spinning at hypersonic
velocities.

A system level fluid-dynamic approach 
was implemented using the advanced 
1D System Simulation tool, Flowmaster® 

from Mentor Graphics. Flowmaster was 
chosen because it had the advantage of 
mass accumulation in the piping system 
and the time lag that can be associated 
with the mass in the pipes. This was critical 
for accurately predicting the concentration 
of uranium entering the centrifuge. In 
order to model the complexity of the 
system, several custom components were 
implemented into the library. The most 
important one is the component capable to 
model a single centrifuge or a single stage 
of the cascade by providing the separative 
power of the centrifuge as a function of gas 
flow rate and the number of centrifuges in 
the stage.

The preliminary simulations performed on 
simplified network models (Figure 4) show 
that a system level approach is capable 
to model the main features of a uranium 
enrichment cascade on workstations in 
times ranging from a few seconds to a 
few hours depending on the length of the 
simulated times. In particular, the model 
allows a reliable estimation of the cascade 
separation performances under different 
operating conditions opening the way 
to effective simulations of misuse and 
diversion scenarios.

Figure 4. Network model of a 5-stage cascade implemented in Flowmaster.
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