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Design method and Mach number calibration of supersonic
continuous variable Mach number wind tunnel based on
single-degree-of-freedom adjustment
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(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. Aerospace Technology Research Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)
Abstract; To meet the experimental requirements for developing wide-speed range aircraft, research on a supersonic continuous variable Mach
number wind tunnel with a Mach number range of 3 to 4.5 was conducted. A scheme of a continuous variable Mach number nozzle was proposed ,
followed by the design of the supersonic continuous variable Mach number wind tunnel and the calibration of its flow field. Based on P-M ( Prandil-
Meyer) expansion theory, a nozzle with single-degree-of-freedom adjustment was designed to achieve continuous variable Mach number. Numerical
calculations and calibration experiments were adopted to verify the variable Mach number scheme. Numerical calculation results show that the flow
field of the variable Mach number nozzle is uniform at different Mach number. The nozzle centerline Mach number calibration gave the Mach
number root mean square, maximum deviation and error. The exit Mach number-expansion angle relation fits P-M theory. The supersonic continuous
wave-damping variable Mach number wind tunnel achieves the design goal of continuously changing the Mach number by controlling the nozzle
rotation angle while ensuring a high-quality experimental flow field, providing a simplified scheme for experimental research equipment of supersonic
variable Mach number flow.
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Tab.1 Wind tunnel vacuum static pressure

requirement and operating time
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4.5 350. 1 54.1 32.5
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Tab.2 Dimensions of the effective test area under

different operating conditions

Ma L/mm H/mm
3.0 492 79
3.2 495 82
3.5 571 81
4.0 594 78
4.5 662 84
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Tab.3 Vertical total pressure tap arrangement at the

variable Mach number nozzle exit

W A 25 A/ mm y /mm
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14 200 58
15 200 62
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Mach numbers with expansion angle in

wind tunnel laboratory test
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