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Aerodynamics of a radial jet from a tube breach in a shell-and-tube heat exchanger
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mass flow rate was varied in the experiments from 100 to 250
kg/h (i.e., tube Reynolds number ReD=1-3·105). TiO2 has
been used as seeding material.

1. Background and purpose of the investigation
Pressurized nuclear water reactors rely on shell-and-tube
heat exchangers to generate the steam that expands in the
turbine stage of a Rankine cycle. Under the highly unlikely
conditions of a reactor core melt accident, a tube rupture in
the heat exchanger could result in a release of radioactive
particles to the environment. This sequence, generally called
Steam Generator Tube Rupture (SGTR), is of an outstanding
importance in nuclear safety. The first experimental program
that investigated this scenario was the EU-SGTR project
(Auvinen, et al., 2005). The results showed that the most
challenging condition from the safety point of view, would be
the absence of water in the secondary side of the steam
generator. Under these circumstances, a guillotine-type tube
breach would result in a gas radial jet emerging from the
primary circuit into the secondary. A fraction of the particles
carried by the gas would tend to deposit primarily on the
tubes near the breach by inertial impaction and eddy
deposition (Herranz et al., 2006). Both depletion mechanisms
are extremely dependent on the flow field across the tube
bundle.
The objective of this paper is to summarize the major
insights gained into the gas flow behavior from 2D PIV
measurements. This study has been focused on the
characterization of the flow field in the space between the
breach and the first neighbor tube.

Fig.1. Seeding deposits after a PIV experiment DTube=19mm.
3. Results and final remarks
This investigation has demonstrated that the presence of
tubes affects drastically the jet behavior:
•The jet shape is significantly distorted with respect to the
free jet one.
•The magnitude of the jet velocity is increased with
respect to the free jet case.
•The tubes decrease drastically the jet penetration.
•Turbulence intensity is also enhanced with respect to the
free jet.

2. Experimental Apparatus
CFD analyses (Herranz et al., 2006) showed that the
region of jet influence on the aerosol deposition was confined
to a few tube rows from the breach. In other words, most of
interesting phenomena occurring near the breach within the
secondary side of the steam generator could be well
reproduced by a mock-up facility consisting of a tube bundle
(33x33x1000mm in dimensions) of limited number of rows.
Two different set-ups have been used. In the first one, the
tube bundle has been placed in an 8 m3 steel vessel. In the
second one, the bundle has been bounded by a vertical
methacrylate structure. The first configuration has permitted
the investigation of the jet without any bounding constraint,
whereas the second one has improved considerably the
optical access. A standard 1660x1200 pixels PIV
cross-correlation CCD camera, a pulsed Nd:Yag laser and
three different lenses (28mm, 135mm and 300mm F2.8) have
been used to record the images. As a first stage of this
investigation, the free radial jet (i.e. with no neighbor tubes)
was characterized and adopted as a reference to discuss the
effect of tubes on the jet aerodynamics. The main variables
investigated were velocity field, turbulent quantities, jet
center line trajectory and jet spreading rate. The inlet gas

In summary, PIV has been proven to be a suitable
technique for investigating the jet variables of relevance for
particle retention in this scenario. Results are being used to
validate CFD codes and to understand aerosol phenomena in
SGTR sequences.
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