13th Int. Symp on Appl. Laser Techniques to Fluid Mechanics, Lisbon, Portugal, June 26 – 29, 2006

PIV measurements in an under expanded hot free jet
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The objective of the work reported herein is to
demonstrate the ability of the PIV measurement technique to
be used in steady, supersonic, hot gas flows and to enable the
acquisition of accurate experimental data for CFD validation.

the free jet to determine the flow conditions in the zone
where test samples of structural elements are to be installed.
The PIV technique has been used to investigate the flow
field in the underexpanded free jet of combustion products
under the following conditions: total pressure from 2.65 MPa
to 3.85 MPa and total temperature from 1770 K to 2140 K.
Flow velocities up to 1600 m/s have been measured. Some
measurements have been realized in the vicinity of the jet
nozzle, where the characteristic shock waves, expansion fan
and mixing layers can be clearly identified. Main
measurements have been made between 5 and 13 nozzle
diameters to obtain velocity fields downstream from the
Mach disk. The paper discusses the choice of suitable seeding
particles and the seeding technique. The PIV data are
presented together with numerical results. These numerical
simulations have been performed in order to confirm the
experimental results on the flow velocity. The computations
have been made with the code MSD (ONERA), which was
developed for propulsion applications in aeronautics. MSD
solves a full system of Reynolds-averaged Navier-Stokes
equations for compressible gas together with transport
equations for chemical species and turbulence model.

The context of the study is the survivability of the
wing-engine propulsion system of aircrafts exposed to engine
fire. Design precautions must be taken to minimize the effect
on the engine nacelle in case of a combustion chamber
burnthrough event (also referred to as torching flame).
Present international regulations for aircraft safety impose,
first, the capability of the engine frame to operate under
conditions of a hot-gas impact during 3 minutes and, second,
the presence of the necessary thermal shielding of its
structural elements. The demonstration of these capabilities
for aircraft safety certification requires both experimental
and computational effort.
In this context, a joint study between AIRBUS–France,
the French National Scientific Research Center (CNRS) and
the Moscow Aviation Institute (MAI) has been conducted. A
hot-gas generator has been developed and tested at the MAI
providing the required range of flow parameters in the hot jet
of combustion products (total pressure up to 4 MPa and total
temperature up to 2200 K).

This comparison with the numerical simulation confirms
the validity of the PIV method being applied to extreme
conditions in terms of flow velocity and temperature. It is also
a proof of robustness and flexibility of the PIV technique.

The CNRS-LCSR and MAI have investigated the
thermodynamic state of the flow at the exit of the hot-gas
generator and conducted a detailed study of the flow field in

Instantaneous PIV image of the underexpanded jet
(operation conditions: 3.3 MPa, 2000 K)

Mean velocity vector field in the vicinity of the jet nozzle
(operation conditions: 3.7 MPa, 2000 K)
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