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Numerical Calculation of Underexpanded Axisymmetric Supersonic Jet
(Effects of Nozzle Divergence Angle and Mach Number
on Shock Cell Length)

Hiroshi KATANODA, Yoshiaki MIYAZATO,
Mitsuharu MASUDA and Kazuyasu MATSUO

A numerical study of underexpanded axisymmetric supersonic jets is presented. The TVD finite-
difference scheme is employed for the numerical calculation of Euler’s equations. The numerical
results are compared both with results from the theoretical shock cell spacing formula suggested by
Tam and with previous experimental results. For nozzles having no divergence angle at the nozzle
exit, a good agreement is obtained among the theoretical, experimental and numerical results for
pressure ratios across the nozzle until the occurrence of a Mach disk in the jet. For nozzles having
a divergence angle at the nozzle exit, the effects of the divergence angle, the nozzle design Mach
number and the pressure ratio across the nozzle on the shock cell length are discussed and clarified.
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(b) Radial Mach number
distribution at nozzle
exit plane

(a) Geometry of conical nozzle

Fig.1 Supersonic axisymmetric conical nozzle
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Fig.2 Schematic diagram of the shock cell structure
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Fig.3 Radial Mach number distribution at nozzle exit plane
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shock cell length Ls
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