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Abstract: To investigate pressure distributions on the shaft surface of the air bearing, the commercial CFD software
was employed to study three different nozzle geometries to improve the nozzle performance: general drill-shaped,
matched cube-shaped and trimmed exit nozzles. Under the influence of stagnation point, the maximum pressure was
observed at the center of shaft surface for all cases. Owing to the blocking effect of a fine gap between the shaft
surface and the nozzle exit, the drill-shaped nozzle has the rapid local pressure increase near the nozzle exit corner,
generating the ring vortex in the radial direction within pressure ratio of 6.92, and its pressure becomes negative in a
certain range of downstream. In comparison, the contoured nozzle showed a local pressure increase in the measured
range of pressure ratios, but a negative pressure appeared within the pressure ratio of about 10. The trimmed nozzle
was seemed to extend the high pressure zone near the stagnation point in the radial direction substantially, and no
negative pressure was appeared in the whole range. Based on these observations, it is found that trimming nozzle exit
becomes more effective for improving the performance than modifying the nozzle inside contour.
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Fig. 1 Schematic diagram of the drill-shaped nozzle
on 3D view (top), the drill-shaped nozzle with
the matched cubr-shaped nozzle (middle), and
the drill-shaped nozzle with the trimmed
shaped (bottom) respectively
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Table 1 Pressure ratios between inlet and outlet

Pressure Pressure pressure ratio
inlet(bar) outlet(bar) (£)
3.01325 1.0325 2.97
4.01325 1.0325 3.96
5.01325 1.0325 4.94
6.01325 1.0325 593
7.01325 1.0325 6.92
8.01325 1.0325 7.90
9.01325 1.0325 8.89
10.01325 1.0325 9.88
11.01325 1.0325 10.86
12.01325 1.0325 11.85
13.01325 1.0325 12.84
14.01325 1.0325 13.83
15.01325 1.0325 14.81
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Fig. 2 Contour of matched cube shaped nozzle
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Fig. 4 Pressure distribution of the drill shaped nozzle

on one axi-symmetric plane at pressure ratio
of 6.92; whole view (top) and zoomed view
near to channel exit (bottom)

Fig. 5 Pressure distribution of the drill shaped nozzle
on the shaft surface at pressure ratio of 6.92;
whole view (top) and zoomed view near to
channel exit (bottom)
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Fig. 6 Non-dimensional pressure distribution in log
scale along the shaft surface of the drill
shaped nozzle
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Fig. 7 Local view of Non-dimensional log scale
pressure distribution along the shaft surface
at drill shape
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Table 2 Non-dimensional 2nd maximum pressure
points along the shaft surface of the drill
shaped nozzle

Pressure ratio . . Non-dimensional
. Non-dimensional .
between inlet and | . . 2nd maximum
distance from axis

outlet pressure
3.96 0.02639 0.936

4.94 0.02639 1.137

5.93 0.02639 1.134

6.92 0.02639 1.555

Velocity

486.171
455,785
425.399
395.014
364.628
334.242
303.857

Fig. 8 Velocity contour near the nozzle exit of the
drill shaped at pressure ratio of 6.92

Fig. 9 Pressure distribution of the matched cube
shaped nozzle on the shaft surface at
pressure ratio of 6.92
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Fig. 10 Non-dimensional pressure distribution along
the shaft surface at matched cube shape
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Fig. 11 Local view of non-dimensional pressure
distributions along the shaft surface of the
matched cube shaped nozzle
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Table 3 Non-dimensional 2nd maximum pressure
points along the shaft surface of the
matched cube shaped nozzle

Pressure ratio . . Non-dimensional
between inlet and | or-dimensional |, 4 imum
outlet distance from axis pressure
3.96 0.02613 0.9351
4.94 0.02648 1.136
5.93 0.02548 1.344
6.92 0.02648 1.557
7.90 0.02613 1.767
8.89 0.02613 1.985
9.88 0.02613 2.203
10.86 0.02613 2.425
11.85 0.02613 2.649
12.84 0.02581 2.882
13.83 0.02581 3.115
14.81 0.02581 3.345

Fig. 12 The pressure distribution of matched cube
shaped nozzle on the shaft surface at
pressure ratio of 6.92
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Fig. 13 Non-dimensional pressure distribution along

the shaft surface at trimmed shape
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Fig. 14 Local view of non-dimensional pressure
distributions along the shaft surface of the
trimmed nozzle

Pressure

Fig. 15 Pressure distribution of the matched cube
shaped nozzle on one axi-symmetric plane
at the pressure ratio of 6.92
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Fig. 16 Stream lines of the drill shaped nozzle at
pressure ratio of 6.92 (left) and of 10.86
(right). respectively
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Fig. 16 Comparison results of three different
nozzles at pressure ratios of 6.92(top)
and of 10.86(bottom), respectively
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