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Numerical investigation of geometric parameters influence to
aerodynamic performance of two dimensional convergent and
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Abstract: The compttational cases were designed using the orthogonal experiment de-
sign method. \The effect of eight geometric parameters on the aerodynamic performance of
two dimensional convergent and divergent (2D-CD) nozzle was investigated. The geometric
parameters studied include length to diameter ratio, cross-sectional area change rate, long
half shaft rate, short half shaft rate of the super elliptic transition section, and throat width
to height ratio, throat radius ratio, convergence half angle, divergent half angle of primary
nozzle. The sensitivity analysis of throat aspect ratio, throat radius ratio, convergent half
angle, divergent hall angle on aerodynamic performance was performed. The results show
that throat radius ratio is the main parameter of 2D-CD nozzle’s aerodynamic performance,
therefore the throat radius ratio should be increased in the 2D-CD nozzle design, especially
when the convergent half angle is larger. Width to height ratio of throat is not a major pa-
rameter of 2D-CD nozzle's aerodynamic performance. The aerodynamic performance of 2D-CD

nozzle is independent of transition duct.
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Fig. 1 Geometric model of 2D-CD nozzle
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Table 5 Direct analysis of influence of nozzle’s geometric parameters to aerodynamic performance

Wit S SRS
=g i
R, R./Rs o/ () B/ (") %= 15 Ca G

1 4. 24 0 38.42 3.24 KF1 0. 94139 0. 926 80
2 4.24 0.2 45 9 K- 2 0.97039 0. 95930
3 4.24 0.1 25 15 K- 3 0. 96963 0.93875
4 4.24 0.3 15 2 K- 4 0. 98777 0.97475
5 3.49 0 45 15 K- 4 0.93212 0.90223
6 3. 49 0.2 38. 42 2 K3 0.97013 0.95808
7 3. 49 0.1 15 3. 24 K 2 0.98241 0.97068
8 3. 49 0.3 25 9 K1 0. 98205 0.97076
9 5 0 25 2 K- 2 0. 96439 0.95072
10 5 0.2 15 15 K1 0.98533 0.95831
11 5 0.1 38. 42 9 K- 4 0, 95840 0.94381
12 5 0.3 45 3. 24 K 3 0. 98043 0.97225
13 6 0 15 9 K- 3 0. 98225 0. 96683
14 6 0.2 25 3. 24 K- 4 0.97868 0.96933
15 6 0.1 45 2 K1 0.'954 45 0.94156
16 6 0.3 38. 42 15 IKE2 0. 98197 0.95779

K 3786918 3. 82015 3. 85189 3. 88291 3. 86322

K. 3. 86671 3.90453 3..83739 3.89309 3.89916

K; 3. 88855 3. 864 89 3.89475 3. 86905 3.90244

K, 3.89735 3.93222 3.93776 3. 87674 3.85697

Cq Ry 0..967 30 0. 95504 0. 96297 0.97073 0. 96581

ks 096668 0.97613 0.95935 0.97327 0.97479

ks 0.97214 0.96622 0.97369 0.96726 0.97561

ks 0.97434 0. 98306 0.984 44 0.96919 0.96424

R 0. 00766 0.02802 0.02509 0.00601 0.01137

K, 3.79960 3. 74658 3. 78648 3. 83906 3.79743

K, 3.80175 3. 84502 3.77534 3. 84070 3. 83849

K; 3. 82509 3.794 80 3. 82956 3.75708 3.83591

K. 3. 83551 3. 87555 3. 87057 3.82511 3.79012

G ky 0. 94990 0. 93665 0. 94662 0.95977 0. 94936

ks 0. 95044 0. 96126 0.94384 0.96018 0.95962

ks 0.95627 0.94870 0. 95739 0.93927 0.95898

ky 0.95888 0. 96889 0. 96764 0.95628 0.94753

R 0. 00898 0.03224 0. 02380 0.02091 0.01209
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Fig. 7 Influence of nozzle’s geometric parameters to aerodynamic performance
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