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Implicit/Explicit Finite Element Method for Euler Flows
Inside the Optimum Nozzle

W. S. Yoon and H. Kho

Optimum nozzle design exploiting the method of characteristicM.O.C) has been in
application as an efficient design methodology targeting a less weighted and short expansion
nozzle. This paper treats the optimum nozzle design and the analysis of the inviscid
compressible flow inside. Based on traditional Rao’s method, the optimum nozzle design is
coded with minor modifications for the identification of the control surface across which the
mass flux should be conserved. Internal flow field is simulated numerically by M.O.C and
implicit/explicit Taylor-Galerkin finite element method(FEM) with the aid of adaptive
remeshing to capture the shock wave, hence improve the accuracy. Designed and calculated
flow fields due to the separate analyses show that the mass flux predicted by optimum nozzle
design with M.O.C is not conserved across the control surface and the sonic line should be
located upstream of the nozzle throat. Rao’s optimum nozzle design methodology exaggerates
the momentum thrust and tends to overemphasize the engine performance loss.
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