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Free-fall Force Measurement in a Shock Tunnel
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ABSTRACT

In this paper, acceleration and pressure exerted on a human model were measured
under a supersonic condition in a shock tunnel. In order to measure these in an
interference-free  environment, free-fall technique with an electromagnet and a
three-dimensional iron-powdered human model was wused. Free-fall experiment was
conducted at Mach 4 and the force acting on the model was obtained by calculating the
displacement from the flow visualization images.
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Fig. 1. 3D CAD design of test model

Fig. 2. Test model
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Fig. 3. Free-fall circuit diagram
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Fig. 4. Test arrangement
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Flow
Establishment
a) t=0 psec (est.) b) 12.5 usec (est.) ¢) 25 pusec (est.)
Flow
Establishment
d) 75 psec (est.) e) 112.5 usec (est.) f) 150 usec (est.)
Steady
g) 425 psec (st.) h) 487.5 psec (st.) i) 550 psec (st.)
Unsteady

j) 862.5 usec (ust.) k) 1125 psec (ust.) ) 1500 psec (ust.)

Fig. 6. Free-fall images of the test model
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Table 2. Displacement of reference points

Image ) \ Image h) \ Image i)
Pixel Number along X-axis
Front Shock 257 259 262
Shoulder 205 297 300
Heel 395 397 399
Toe 397 399 403
Dis/?a\llae;zgweent 2 pixels 3 pixels
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