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Flow separation unsteadiness in single expansion ramp nozzle
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Abstract; In combination with the focus schlieren and dynamic pressure measurement
technology, the flow field and nozzle wall pressure were experimentally measured, under the
different nozzle pressure ratios (NPR) of the single expansion ramp nozzle (SERN). Time
and frequency domain analysis exhibited unsteady flow characteristics within the nozzle. Re-
sults showed that the flow field structure inside SERN was obvious asymmetrical. The flow
separation mode on the upper wall of the nozzle was at restricted shock separation (RSS),
and that on the lower wall at free shock separation (FSS); in RSS mode, the pressure on the
wall near the outlet was sharply oscillated in relation to FSS mode. The pressure standard
deviation of the upper and lower walls of the nozzle was peaked near the separation point,
and the probability density function distribution was skewed to one side or showed double
peaks. In RSS mode, the shock motion exhibited obvious low-frequency characteristics. In

FSS mode, the unsteady characteristics of the shock wave were not only affected by the pres-
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sure disturbance of the recirculation region, but also affected by the separated shear layer.
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single expansion ramp nozzle (SERN); restricted shock separation (RSS) ;

free shock separation (FSS); asymmetry; unsteadiness
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Table 1 Location of transducers at upper wall of nozzle

) e Al A2 A3 Ad A5 A6 AT

x/H, 0.23 0.58 0.93 1.31 1.68 2.07 2.44

) A8 A9 AI0  All  Al2 Al3 Al4

x/H, 2.82 3.18 3.56 3.91 4.30 4.69 5.07

(<21

WA AlS A6 A17  AI8  Al9 A20 A2l

x/H, 5.45 5.83 6.21 6.59 6.97 7.35 7.73

ms A22 0 A23 A24 A25  A26  A27

x/H, 811 8.49 8.87 9.25 9.62 9.99

R2 BETEEERSRMCE

Table 2 Location of transducers at lower wall of nozzle

W& B B2 B3 B4 Bs Be BY

x/H, 0.25 0.61 0.98 1.35 1.71 2.09 2.46

) 55, B8 B9 B10 Bll Blz Bl3 Bl4

x/H, 2.84 3.23 3.61 3.99 4.37 4.75 5.12

K2 e T 2 ]

Fig. 2 Experiment model installation diagram
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Fig. 3 Experimental schlieren diagrams and numerical

schlieren diagrams
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