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Effect of non-ideal opening behavior of diaphragm
on the operation of free piston shock tunnels

ZHU Hao”™ , ZHANG Bingbing, YU Yifu

(China Academy of Aerospace Aerodynamics, Beijing 100074, China)

Abstract:In free piston shock tunnels, the non-ideal opening behavior of the main diaphragm
may have different effects on the free piston motion and the shock wave formation. Based on the
diaphragm shear-strain model and piston dynamic model, the coupled equations involving piston
motion and diaphragm rupture are obtained for the first time, and the effects of the diaphragm
opening process on piston motion and driving time under constant pressure are described.
Research shows that, due to the interaction between the piston front pressure and the piston
speed, the speed of diaphragm rupture or rupture ahead of time has little effect on the free piston
terminal speed, and the piston can achieve soft landing at the end of the compression tube. This
conclusion is confirmed by test results. Moreover, the test results also show that the non-ideal
opening behavior of the main diaphragm has a distinct influence on the formation of the shock

wave, and it gradually weakens during the propagation of the shock wave.
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Fig.1 Sketch of diaphragm opening
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Fig.2 Piston speed and pressure in two cases (A =40)
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Fig.3 Piston speed and pressure under different rupture of
diaphragm (1 =40)
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Fig.4 Piston speed and driver gas pressure with
different compression ratios
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Table 1 Initial conditions and related parameters of wind tunnel tests
pAo PHAO it m M, U max D HAL
/MPa  /kPa " kg /Gmes ) /MPa
0.83 19 0.05:0.95 205 29 240 5.2
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Fig.5 Velocity history of piston and diaphragms in FD-21
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Fig.6 Mach number and displacement of shock waves
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