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Effect of Injection Rate and Gas Density on Ambient Gas Entrainment of
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Abstract : Entrainment of ambient gas into a transient diesel spray is a crucial factor affecting the following
preparation of combustible mixture. In this study, the entrainment characteristics of ambient gas for a non-evaporating
transient diesel were investigated using a common-rail injection system. The effects of ambient gas density and nozzle
hole geometry were assessed with entrainment coefficient. Laser Doppler Velocimetry (LDV) technique was
introduced to measure the entrainment speed of ambient gas into a spray. There appeared a region where the
entrainment coefficients remained almost constant while injection rates were still changing. The effect of common-rail
pressure, which altered the slope of injection rate curve, was hardly noticed at this region. Entrainment coefficient
increased with ambient gas density, that is, the effect of ambient gas density was greater than that of turbulent jet whose
entrainment coefficient remained constant. The non-dimensional distance was defined to reflect the effect of nozzle
hole diameter and ambient gas density together. The mean value of entrainment coefficient was found to increase with
non-dimensional distance from the nozzle tip, which would be suggested as the guideline for the nozzle design.

Key words : Common-rail injection system(F |4 EAFA] 2= 8)), Injection rate(FEAFE), Entrainment(F%),
Entrainment coefficient(-F <3 7 47)

Nomenclature Pt : common-rail pressure
. . t : time

Dy : orifice diameter(mm) v o loci

. . inj : injection veloci
K  :entrainment coefficient " _J vy
.. Z  :distance from the nozzle

miy; : amount of fuel injected per nozzle hole ) )

pc.  :ambient gas density

m . :mass flow rate of entrained ambient gas -
po : fuel density

m, :mass flow rate of injected fuel
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5 Entrainment velocity of ambient gas at 12mm from
the spray axis in radial direction at common-rail
pressure of 40 MPa and ambient gas density of1.23
kg/m’ for two nozzle hole diameters
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dimensional distance from the nozzle
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