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Dynamic test technique with large amplitude in
2.4 m transonic wind tunnel
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(High Speed Aerodynamics Institute of China Aerodynamics Research and Development Center , Mianyang 621000, China)

Abstract: During high maneuvering flight conditions of modern advanced flight vehicles, the
coupled motion of multi-degree-of-freedom would be induced. This behaviour presents the
complex unsteady aerodynamic characteristics and multi-degree-of-freedom motion attitudes. A
two-degree-of-freedom pitch/roll coupled motion test device, which could be wused for
investigating high angle of attack static test, pitch oscillation, pitch-up in high speed and pitch/
roll coupled oscillation, has been established for investigating and evaluating multi-degree-of-
freedom unsteady aerodynamic characteristics of advanced flight vehicles in F1.-26 wind tunnel.
The unsteady aerodynamic characteristics of one-degree-of-freedom motion and two-degree-of-
freedom pitch/roll coupled oscillation for the typical 70-degree delta wing model are investigated
based on the dynamic test devices. The results indicate that, the test data based on the dynamic
test technique is reasonable and reliable which could represent the correct typical hysteresis
characteristics of dynamic normal force and pitch moment. The test device is capable of measuring
aerodynamic characteristics of two-degree-of-freedom pitch/roll coupled motion of advanced flight
vehicles. This could provide technical support for the unsteady aerodynamic characteristics test
evaluation and assessment of flight vehicles.

Keywords: dynamic aerodynamics; high angle of attack; large amplitude; two-degree-of-

freedom; wind tunnel test
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Fig.1 Schematic of vibration device for two-degree-of-freedom
pitch/roll coupled motion
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Fig.2 Schematic of forced roll device
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Table 1 Vibration mode analysis

No. Mode step f/Hz
1 1 23.8199
2 2 26.0952
3 3 39.8158
4 4 45.3253
5 5 52.9461
6 6 101.9170
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Fig.3 Phase synchronization flow based on delay
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Fig.5 Comparison between test results for delta wing (Ma =0.4)
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Fig.6 Contrasting resultsof single and double degrees of freedom for delta wing(Ma =0.4)
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