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The flight dynamics of a planetary probe during its atmospheric entry and descent can be used to extract a density profile and determine wind gusts.  The flight dynamics, determined by on-board accelerometers and other sensors, and by VLBI or doppler radio tracking, can be linked to the environment via a set of largely empirical aerodynamic parameters (lift, drag and other coefficients) which are functions of Mach number, angle of attack etc. The accuracy of the recovered planetary data in turn directly depends on the accuracy with which these aerodynamic coefficients are known. Many entry probes are spun for stability and to assure even ablation of a heat shield : spin adds a significant complication to wind tunnel measurements usually employed to determine these coefficients.

Other methods are computational fluid dynamic simulations, and free-flight dynamics in a known environment, a so-called ballistic range. In this work, I perform free-flight dynamics measurements on a spinning disc-wing. Aerodynamic coefficients for this high-performance vehicle configuration are poorly known, despite its popularity as a recreational device, the Frisbee.
A 175g Wham-O Competition Frisbee was instrumented with an accelerometer, power supply and a microcontroller to perform data acquisition and storage (i.e. a ~25g 'flight data recorder').  Preliminary experiments (1) show that good data can be obtained in the few seconds of free flight after the vehicle is thrown : lift and drag data are consistent with wind tunnel measurements to date (e.g. 2), although cannot be unambigously resolved due to lack of simultaneous angle-of-attack knowledge.
New experiments are presently underway with a much more sophisticated sensor suite to address this shortcoming, using sun sensors and a magnetometer to determine attitude (the attitude determination procedure is a useful analog for that required on planetary probes.)  Additional sensors undergoing experimentation include infrared and ultrasonic altimeters and pressure sensors to measure the suction peak on the upper leading edge of the disc-wind and the effect of spin rate and angle of attack on the pressure distribution, a completely new measurement. The angle of attack varies over a remarkably wide range during a typical frisbee throw. Sophisticated on-board data processing algorithms are being used to compress and select data, overcoming the limited storage capacity.  I will present a status report on these experiments and the latest results. 
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