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Discharge Characteristics of Rotating Orifices
with Length-to-Diameter Ratios and Inlet Corner Radii
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Abstract

The effect of rotation on the discharge coefficient of orifices with various lengthto-diameter ratios and
two different inlet corner radii was studied. Length-to-diameter ratios of the orifices range from 0.2 to 10,
while the inlet shapes are square edged, or round edges of radiusto-diameter ratio of 0.5. From the
experiment, we found that rotational discharge coefficient and Rotation number, when based on ideal exit
velocity of the orifice considering momentum transfer from the rotor, describe the effect of rotation very well.
In this study, the discharge coefficients of rotating orifices are shown to behave similar to those of the well
known non-rotating orifices. For both rotating and norrrotating orifices, the discharge coefficients increase
with the length-to-diameter ratio until a maximum is reached. The flow reattachments in the relatively short
orifices are responsible for the increase. The coefficient then decreases with the lengthrto-diameter ratio due
to the friction loss along the orifice bore. The length-to-diameter ratio that yields maximum discharge
cocfficient, however, increases with the Rotation number because the increasal flow-approaching angle
requires larger length-to-diameter ratio for complete reattachment. The length-to-diameter ratio for complete
reattachment is shorter for round edged orifices than that of square edged orifices by about a unit lengthto-
diameter ratio,
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Orifice bore diameter, d [mm] |10 ( I ] E’
. M |De 3 T{0p] [Dp
Orifice bore length, I[mm] |5 7> 10:15,20,30,
50, 100 llll .
Inlet corner radius of orifice = N
0,5 !
bore, r [mm}] o e fecorger Speed
Number of orifice bores 4,8 prm— controller
Pitch circle radius of orifice 60 Fig. 1 Schematic diagram of experimental setup
bores, R; [mm]
High pressure
Rotor diameter [mm] 160 Temperature 1d=2 | ow pressure
: : Id =5
Stator inner diameter [mm) 161 Baffes _ Honeycombs \ F ﬁ_"d =10
Cavity diameter [mm)] 200

Rotational speed of rotor [rpm] |0, 150, 300, ..., 3600

1.001, 1.002, 1.005,

Pressure ratio, [T 1.01

Reynolds number at orifice
bore, Re

8,000 ~ 27,000
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Fig. 2 Detailed view of test rig
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