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Effects of Secondary Injection Pipe on Dual Throat Nozzle Thrust-
Vectoring Performances
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Abstract: Numerical studies on 2D dual throat nozzle (DTN) were performed focusing on the secondary in-
jection pipe to get the effects on the DTN’ s thrust—vectoring performances. Results show that the secondary injec-
tion pipe in the convergence and divergence shape can not improve the DTN’ s thrust—vectoring performances
compared with the one with parallel pipe. As the mass of secondary injection increases, the DTN’s vector angle
has a maximum value and if it is larger than this value, it will lead to the reduction of the DTN’ s thrust—vector-
ing performances. The width of the secondary injection pipe has significant effects on the DTN’ s performances.
The maximum vector angle of the DTN does not vary in different width of the secondary injection pipe. The DTN
can get a larger vector angle with a low mass ratio of the secondary injection when the width of pipe is small, but
the total pressure of the secondary injection is relatively high. Increasing the width can reduce the secondary in-
jection total pressure, but the vector angle the DTN can get will be lower.
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(a) Experimental shadowgraph image

(b) Density gradient of simulation
Fig. 1 Numerical simulation and experiment results
contrast diagram
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Fig. 2 Comparison of the experimental and computational
pressure along the upwall
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Table 1 Computational data on relative error of the experimental data along the upwall pressure
x/L 1) x/L 1) x/L 1)
-0.0653 -0.0692 0.2967 -0.0732 0.6625 —-0.0049
-0.0205 -0.0847 0.3303 0.0466 0.6936 -0.0024
0.0056 —-0.1087 0.3677 0.0404 0.7347 -0.0024
0.0404 0.0936 0.3925 0.028 0.7695 -0.0071
0.0691 0.0514 0.4286 0.0149 0.7944 -0.0046
0.0964 -0.0207 0.4647 0.0144 0.8267 0.0045
0.1325 —-0.0345 0.4958 0.0138 0.8603 0.0182
0.1698 -0.0398 0.5294 0.0107 0.8865 0.0255
0.1972 -0.0378 0.5555 0.0078 0.9275 0.0296
0.2308 —-0.0583 0.5904 0.0075 0.9561 0.0262
0.2607 -0.1122 0.6289 -0.0125 0.9785 0.0285
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Fig. 3 Geometrical model of the DTN
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(b) DTN-Sec-b schematic
Fig. 4 DTN schematic with different secondary injection
pipe
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Fig. 5 Effects of & on the thrust-vectoring performances of
DTN-0.40-a and DTN-0.40-b
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Fig. 6 Contour of the flow Mach number in the DTN-0.40-a and the enlarged view of the secondary injection pipe,
when £=4.647%

Fig. 7 Contour of the flow Mach number in the DTN-0.40-b and the enlarged view of the secondary injection pipe,
when £=4.669%
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Fig. 8 Effects of Sec on DTN’s thrust-vectoring
performances
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