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Design and performance analysis of the three-dimensional

asymmetric nozzle with lateral expansion
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College of Energy and Power Engineering,
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Abstract: Design method based on the quasi two-dimensional method of characteristics
(MOC) was proposed for the three-dimensional (3-D) rectangular cross-section asymmetrical
nozzle with lateral expansion. The corresponding asymmetrical nozzle design program based
on MOC was obtained. Then, according to different lateral expansion laws, a series of asym-
metrical nozzles were designed by using this method. And comparisons were made between
these nozzles and the optimal configurations designed by optimization method. The compari-
sons show that: the up and down ramps of asymmetrical nozzles designed by the two meth-
ods are basically coincident and the pressure distributions on the expansion ramp are consist-
ent, verifying the reliability of quasi-two-dimensional method of characteristics; the differ-
ence in thrust between the MOC design and the optimization design is lower than 0. 60% and
in lift is lower than 8. 07%. This design method can reduce the time spent by the design from

30.5h to 2h, presenting a satisfactory approach for the preliminary design.
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Fig.1 Flow model for the continuity equation
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Table 1 Design condition for the 3D nozzle
24 g
Mao 6

Kot po/Pa 2757.9
To/K 218. 33

Vi 1. 19

A Mag 1.5
HETT pi/Pa 71705
A Ti/K 2344
Ri/(J/ (kg +« K 341.1
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Fig. 2 Nozzle contour determination process
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Table 2 Inlet and outlet angles of the

lateral expansion contour
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Fig. 6 Lateral expansion contours with different

inlet and outlet angles
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Fig. 9 Pressure contours of the 3-D configuration of

nozzle with curve-sidewall
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Fig. 10 Pressure distributions along the x axis of up

and down ramps of the 3-D nozzle with curve-sidewall
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Table 3 Performance comparison of 3-D configration of nozzle with curve-sidewall

#F1/N FF1/N
ViRES
ek 1 ek 2 ik 3 1k 4 Mgk 1 W R ek 4
FRAE £ e 651. 97 642. 20 619.0 601.13 430. 88 442. 59 441. 08 447. 50
R IR 651.48 642. 29 621. 29 604. 75 468. 70 163. 46 164. 77 479. 52
AXF IR 2/ % 0.075 —0.014 —0.37 —0. 60 —8.07 —4.50 —5.10 —6.68
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