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Abstract: To evaluate the unsteadiness of wall pressure in an over—expanded single expansion ramp nozzle ,
under fixed nozzle pressure ratio (NPR) 7.54 and 9.98, respectively, an experimental investigation has been con-
ducted based on dynamic pressure measurement and focus schlieren techniques. Under both NPRs, the tests
showed free shock separation (FSS) is formed on the lower wall. On the upper wall at NPR=7.54, the separation
mode is fully restricted shock separation (RSS). However, the separated shear—layer can come in very close prox-
imity to the lower wall and randomly impinges on it at NPR=9.98, so that wall pressure signal near the nozzle exit
randomly alternates between its value in the backflow region and that above ambient, the separation mode is par-
tially restricted shock separation (pRSS). Under different separation modes , the peak frequency of the wall pres-
sure pulsation in the upstream undisturbed zone is close to 6kHz, and near the flow separation point in the nozzle

exhibits low broadband frequency oscillation characteristics. In the RSS mode, the wall pressure pulsation near
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the separation point has a relatively distinct dominant frequency , while in the FSS and pRSS modes, there is no ob-

vious distinct dominant frequency.

Key words: Single expansion ramp nozzle; Over—expansion; Restricted shock separation; Free shock

separation; Low—frequency unsteadiness
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(b) Nozzle model mounted on test rig

Fig.1 Nozzle model

Table 1 Location of transducers at upper wall

Location x/H, yIH, Location x/H, yIH,
Al 0.23 0.60 Al13 4.72 1.69
A2 0.58 0.74 Al4 5.09 1.73
A3 0.94 0.89 Al5 5.47 1.77
A4 1.30 1.02 Al6 5.84 1.81
A5 1.68 1.14 A17 6.23 1.85
A6 2.06 1.25 Al18 6.61 1.88
A7 2.44 1.34 Al19 6.99 1.90
A8 2.83 1.42 A20 7.36 1.93
A9 3.22 1.49 A21 7.74 1.94
A10 3.60 1.55 A22 8.12 1.96
All 3.97 1.59 A23 8.50 1.97
Al12 4.34 1.64 A24 8.87 1.98

Table 2 Location of transducers at lower wall

Location x/H, yIH, Location x/H, yIH,
B1 0.24 -0.57 B9 3.22 -1.30
B2 0.60 -0.67 B10 3.60 -1.35
B3 0.96 -0.78 B11 3.98 -1.39
B4 1.32 -0.88 B12 4.36 -1.42
BS 1.69 -0.99 B13 4.74 -1.45
B6 2.07 -1.09 B14 5.12 -1.48
B7 2.45 -1.17 B15 5.50 -1.30
B8 2.84 -1.24
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Fig.2 Time-series of NPR
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Fig. 3 Ma contour and wall pressure at VPR =25.24
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Fig. 4 Experimental and numerical schlieren images
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(b) Lower wall
Fig.5 Centerline mean wall pressure and standard
deviation at NPR=7.54
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Fig. 6 Centerline mean wall pressure and standard
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(b) Instantaneous wall pressure distributions
Fig. 7 Instantaneous wall pressure on the upper wall at
NPR=7.54
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Fig. 8 Instantaneous wall pressure on the lower wall at
NPR=7.54
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Fig. 9 Instantaneous wall pressure on the upper wall at
NPR=9.98
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