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Numerical analysis of the secondary flow injection effect
on Boat-tail drag reduction of the plug nozzle
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The flow field around an axisymmetric plug nozzle is numerically simulated by the three-dimensional compressible
thin-layer Navier-Stokes equations. The cluster-type secondary flow injection is introduced around the boat-tail
region for the boat-tail drag reduction. The computed result shows that the wall pressure downstream of the injection
clearly increases and the boat-tail drag is reduced by 30%. It becomes clear that the cluster-type secondary flow
injection is more efficient than the annular-type it injection and increases the total thrust of the plug nozzle by 6.0%.
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Fig. 1 Configuration of the plug nozzle
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Table.l Inflow boundary conditions (inner nozzle)

Pressure ratio Tota Pressure Total density

4.5 4.5 2.928
5.5 5.5 3.379
6.5 6.5 3.807

Throat
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Fig.2 Configuration of the secondary flow injection
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Fig. 6 Mach number contour plots (§ =6.5)
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Fig.7 Pressure coefficient distributions (§ =6.5)
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(a) With blow from the inner nozzle

(b) With blow at the sonic condition

Fig. 10 Mach number contour plots (£ =6.5)
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Fig. 11 Massflow flux of the secondary flow at the blow exit
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Fig. 12 Pressure coefficient distributions (§ =6.5)
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