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ABSTRACT

In most of the air vehicles (fixed wing airplane and helicopters) prop ulsion is
achieved with the use of thermal engines (piston or jet engines). The hot gases

produced by the engine are being ejected to the atmosphere, thus playing a key
role inthe f ormati on of the #Ather mal i mageo of
military ap plications, the suppression of the thermal image is of great
importance, due to the threat of infrared guided weapons and thermal imaging
sensors. Reducing the temperature of the exhaust gases is one of the most

efficient ways to reduce the IR signature. T his can be achieved by reducing the
temperatures of the engine (with negative effects in the power produced as well

as the efficiency of the engine) or by mixing cold atmospheric air with the gases.

To achieve this, especially in the turboshaft engines of military helicopters,
special nozzles, called lobed (due to the formation of lobes in their perimeter)

are being used in the exhaust of the engine to enhance the mix of the primary

core of hot gases, with the secondary flow of atmospheric cold air. Lobed n ozzles
have the property of forming large scale vortices, aiming in the enhancement of

mixing between the two coaxial flows. In an ordinary nozzle, the only vortices
formatting are the small scale turbulent eddies in the shear layer , upstream of

the traili ng edge of the nozzle. In the case of a lobed nozzle two, large scale,
counter rotating, streamwise vortices are formatting in each lobe. The scale of

these vortices is some order of magnitude bigger from the small scale turbulent

vortices. In this case th e thermal mixing of the two streams is dominated by
convection with turbulent transport mixing playing a secondary role. The focus of
this diploma thesis is the experimental and computational investigation of the

thermal and flow characteristics of two coa xial flows mixing in a lobed nozzle
Mid scale experiments were conducted, aiming in researching the characteristics
of mixing of two coaxial flows of different temperature. Computational Fluid
Dynamics tools were used, to research the efficiency of differ ent configurations
of nozzles in a simplified geometry of the exhaust of the UH -1H helicopter.
Selecting the most suitable turbulence model was based on validations made

with the experiment data, gathered in this thesis, and by others from the
internationa | literature. The objective of this thesis is the comparison of many

lobed nozzle geometry, using thermal and aerodynamic criteria, as well as
developing new geometries for the formation of the lobes.

[10]
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