
Simulated cloud with low
methane concentration.

Above left: CFX-predicted total pressure drop in a
vertical plane through the steam nozzles.

Inset: The computational domain.

Below left: CFX analysis of velocity contours in a
vertical plane through the steam nozzles.

CFX HELPS IN
ENSURING SAFE
POWER PLANT
by R. Buettner, R. Walterskötter and
H. Schmidt, Framatome ANP GmbH
TGT1, Germany

The safety aspects of gas turbine power 
plant have become a major concern around 
the world, and many local safety authorities 
now require the analysis of leakage in the gas
supply of turbines as a part of the approval to
operate plants. Safety is our speciality at the
Technical Centre of Framatome ANP GmbH.
Capitalising on our extensive expertise in power
plant technology, we offer a multi-disciplinary
approach to consulting with, among others,
competence in material technologies and thermal
fluid dynamics.

Over the years, we have gained comprehensive
experience in the safety aspects of gas turbine
power, with the analysis of many different plants

and designs. In a recent project, we looked at
reducing hazards due to hypothetical leakages in
the fuel gas system of a turbine. The turbine was
located in an acoustic enclosure which employed
forced-convection ventilation to diffuse any gas
leakage to below a specified concentration level.
The specified level is defined as "under control" by
the local Health & Safety department. If this
condition is fulfilled, the risk of an explosion
causing significant damage or injury can be
considered as controlled.

We needed to determine that, should a leak
occur in the fuel system, gas would be detected
before it reached the specified concentrations. We
decided to use CFX-5 for
the analysis, its automatic
mesh generation capability
speeding up the meshing
work enormously. We
accurately represented most

NATURAL
CONVECTION AND
SUBCOOLED BOILING
by Eckhard Krepper, Forschungszentrum 
Rossendorf, Germany
The Institute of Safety Research at the
Forschungszentrum Rossendorf (FZR) focuses on
safety assessments in nuclear plant and the
chemical process industry. In this field, most of the
passive safety components rely on natural
convection to remove heat, and often involve large
heat fluxes and boiling flows. We chose CFX-4 to
help us in studying these flows because of its
open interface that allows us easily to add our
own models when required.

Before deciding on CFX-4, we undertook a
number of validation projects. An example was
the simulation of a scaled emergency condenser
(NOKO) constructed in the laboratory of
Forschungszentrum Jülich. We modelled the heat
transfer from heated tubes in the primary circuit to
the pool in the secondary circuit, accounting for the
transient and laminar flow in the pool. CFX-4’s
calculation of the temperature stratification and the
development of the plume were in good agreement
with the experimental results.

This gave us the confidence to use the model
for other applications. For example, we investigated
the vulnerability of hazardous-liquid storage tanks
exposed to external heat sources such as fires, and
the possible subsequent release of toxic vapour. We
compared CFX-4 with experimental results,
investigating the internal temperature and velocity
fields when a storage tank is heated from the side
walls, and boiling and evaporation ensues. We used
CFX-4’s boiling model in these simulations, with a
degassing boundary at the top of the tank to
account for leakages to the environment. The
results showed good correlation between the
boiling model in CFX-4 and the phenomena
observed in the experiments.

The CFD results provided a detailed
understanding of the flow
phenomena, showing that during
the single-phase convection
period, stable temperature
stratification is established.
Initiation of boiling leads to an
enhancement of the 
velocity and mixing
in the upper region
where the
temperature is close
to saturation. The
boundary between
the upper well-
mixed region and

the lower region, which still shows strong
temperature stratification, moves gradually
downwards.

The model has allowed us to investigate
countermeasures aimed at preventing the strong
temperature stratification that leads to undesired
boiling in an early stage of the heat-up process. We
investigated the influence of attaching two
horizontal baffle plates on the heated wall towards
the top of the vessel. This proved to have a positive
effect on the stratification, which postponed the
gas release.

We plan to continue the experiments with
improved measuring techniques and different
geometries in order to investigate the modelling of
high Rayleigh-number flows. These will account for
turbulence and heat and mass transfer by boiling
and condensation, which are particular points of
interest.

complexity of the problem, Babcock
& Wilcox engaged consultants
at CFX’s Waterloo, Canada
office to model the normal full-
power operation of the flow
restrictor. The flow domain
encompassed the top of the
annulus at the exit of the

generator tube bundle,
seven flow restrictor
venturis (machined into
the steam outlet nozzle)
and a portion of the
steam pipe attached to

the nozzle exit.
The compressible turbulent

flow of superheated steam was modeled
using the k-� model with standard wall
functions, and treated as single-phase.

The results were provided in a series of
plots of velocity vectors and contours of
velocity, total pressure and Mach number at
various planes in the domain of
computation. They demonstrated that the
pressure drop provided by the flow restrictor
was low enough to meet pressure and
temperature guarantees with an adequate

margin of safety. The analysis also helped to
rule out several other potential problems by

indicating that the flow is well distributed in all
seven venturis.

Working with CFX during the design phase
confirmed the adequacy of the flow restrictor
design. In addition, CFX provided a more thorough
understanding of the flow field in the restrictor than
could have been achieved with physical testing.
Since this project was completed, B&W have
frequently worked with CFX on many proposed
design improvements, most recently using CFX-5 to
perform other steam generator and nuclear reactor
analyses.

CFX CONFIRMS
DESIGN IN
NUCLEAR STEAM
GENERATOR
by Frank Steinmoeller,
Babcock & Wilcox, Canada

Duke Energy’s nuclear power plant at Oconee,
South Carolina, is equipped with Babcock & Wilcox
Canada’s (BWC) unique Once Through Steam
Generator. Its design guarantees that the
secondary-loop water is converted into dry
superheated steam, protecting turbines
from water droplet erosion.

Recently, engineers incorporated a
new flow restrictor at the generator
steam outlet nozzle to improve safety
margins. The flow restrictor limits the rate
at which steam would be released,
should a rupture of the line leading from
the generator to the turbine occur. This is
achieved by imposing a minimum flow
area within the outlet nozzle to limit
choked flow under accident
conditions, while minimizing

normal-operation pressure drop. These objectives
are met by using seven venturi openings in each of
the two steam outlet nozzles. Engineers at BWC
estimated the pressure drop that the restrictor
would cause based on textbook predictive
methods. However, they were worried that these
methods might under-predict the losses, making it
difficult to meet performance guarantees once the

generator was installed.
It was imperative to accurately

predict the pressure drop, since
measuring it and reworking the

steam flow restrictor
after installation

would have been
prohibitively
expensive. BWC

engineers
therefore decided to

use CFD. Due to the
geometric

of the components inside the enclosure, with
additional grid refinement in the vicinity of the gas
leakage. Some smaller details were simplified, for
example, the silencer and the perforated plate at
the roof duct were modelled as regions with
resistance coefficients, and the front gas turbine
pillars were modelled as thin surfaces. We set the
gas leak to be a methane jet with an initial speed of
nearly Mach one. For turbulence modelling, we
used the standard k-� model with logarithmic wall
functions and buoyancy forces to account for the
heat transfer between the turbine surfaces and the
flow.

These CFD calculations showed that the
volume of the methane cloud at the critical
concentration was smaller than the stipulated
maximum value. However, they also made clear that
geometric constraints around the leakage site were
leading to stagnation and poor mixing, and that
higher methane concentrations, though still below
the critical value, could be expected in these
regions. Improvements to the efficiency of the
ventilation were then studied, and based on these
results we could optimise the positions of the
methane detectors, leading to a plant that exceeds
the Health & Safety requirements.

Left: CFX analysis of velocity at the nozzle inlets, indicating
well-distributed flow in all venturis.

Below: Photograph of the generator.

Simulated methane jet leaking from the fuel 
entry system of the gas turbine acoustic enclosure.

Secondary flow patterns in a cross section (bottom view), shaded
by methane concentration, showing the regions where the gas is
entrained.
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Top: Temperature and velocity distribution in
a tank with side wall heating.

Right: Investigation of constructive measures
to reduce the temperature stratification.

Below: Influence of two plates (see right) on
the gas release.

Below: Temperature distribution in the modelling plane

Inset graph: After 2000 seconds heating (line C).


