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Internal combustion engine development has come to rely
heavily on the Phase Doppler technique to characterise fuel
injector performance and in-cylinder air-fuel mixing.
However, fuel injectors produce sprays that are optically
dense, highly transient and with fuel break up and primary
atomisation occurring on a similar scale as to the cylinder
dimensions. Additional diagnostics have to be introduced to
interpret the PDA data in a robust and unique manner. Two
such diagnostics are demonstrated on a pressure swirl GDI
injector operating at 100 bar fuel pressure. Imaging of the
interaction between the spray cone and input laser beams is
combined with monitoring of the scattered light intensity and
the directly transmitted light intensity during the passage of
the spray through the PDA measurement volume. The images,
light intensity signatures and PDA data are evaluated for two
measurement planes, the first, at 1 mm, below the nozzle
orifice where the conical liquid sheet appears be breaking up
and the second, at 5 mm, where interfacial sheet structures
still exist and prompt and primary atomisation dominates.
The PDA data are interpreted in such a way that the spray
development conforms with concepts developed from
imaging and numerical simulation of the internal nozzle
flows.
1. PDA and imaging system

spray cone angle with the input laser beams and PDA
measurement volume.
Single-shot images were digitally recorded with a PCO
Sensicam Fast Shutter CCD camera equipped with a Nikon
55 mm focal length macro lens. The focus for the lens was the
vertical plane through the input laser beams i.e. the injector
axis for R = 0 mm. The camera provided an image size of
approximately 50 by 40 mm, represented by 1280 by 1024
pixels. With regard to the PDA system layout in Figure 1 the
CCD camera was placed to the side of the PDA receiver with
the fibre optic panel behind the spray.

Fig. 1 Injection spray rig and PDA system

The design, construction and application of the two
component PDA transmission system to GDI fuel sprays has
been well documented, (Wigley et al 1999). The
configuration for the 488 and 514 nm laser beam wavelengths
at the final focussing lens was:- beam diameters of 5 mm,
equal beam pair separations of 50 mm, laser powers of 100
and 200 milli-watts per beam, and, with a focal length lens of
300 mm produced coincident measurement volumes of
diameters of 56 and 59 microns with fringe spacings of 2.94
and 3.10 microns respectively for the two wavelengths. This
produced an experimental velocity bandwidth of nominally
-40 to 120 m/s.
The standard Dantec 57X10 receiver optical system was
positioned at a scattering angle of 70 degrees with an aperture
micrometer setting of 0.5 mm. This optical configuration
resulted in an effective measurement volume length of 0.1
mm and a maximum drop size measurement range of up to
100 microns. The injection spray rig and PDA system are
shown in Figure 1.
For the imaging study a Xenon flash unit was the light
source. This was coupled to a fibre optic panel to provide a
uniform background light intensity distribution against which
the nozzle and spray was imaged. The timing corresponding
to maximum flash intensity was used as the trigger to activate
the camera with its exposure time set to 0.5 μs. The main aim
of the imaging work was to quantify the interaction of the

Fig. 2 Spray images, light intensity signatures for the core,
left, and cone of the spray, right.
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