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Regression study of scramjet nozzle performance on

contour parameters
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Abstract: In order td study the influence rules of contour parameters on the performance
of cubic curve shaped scramjet nozzle, contour parametric study was conducted by introdu-
cing methods of uniform design and regression analysis, and the regression model of scramjet
nozzle performance with contour parameter was obtained. The results show that most con-
tour parameters have interactive influence on nozzle performance, but the influence of lower
wall height on nozzle lift characteristic could be neglected. Meanwhile, the thrust perform-
ance could be improved with the increase of the lower and upper wall exit height. Upper wall
length has positive influence on lift performance, contrary to upper wall exit height and an-
gle. The upper wall exit height’s correlation with pitch moment performance is similar to
lift. The upper wall inlet angle has positive correlation with pitch moment performance while
outlet angle has negative correlation in most situations. And within certain range of lower

wall’s curtailment, it has no significant effect on upper wall pressure distribution.
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Fig. 1 Schematic map of nozzle model
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Table 1 Ranges of nozzle model parameters
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Fig. 2 Meshing schematics of grid

independence study
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Fig. 3 Relation of performance parameters and

inner field grid number
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Table 2 Grid independence study of outer field

H., La H., Le T/N L/N

120 300 40 50 1176.8 —802. 4
120 300 40 100 1176.8 —802. 4
120 300 80 50 1176.6 —3802.8
120 300 80 100 1176.6 —3802.8
160 400 40 50 1181.0 —801.3
160 400 40 100 1181.0 —801.3
160 400 80 50 1180.7 —801.8
160 400 80 100 1180.7 —801.8
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Table 3  Uniform design and results

Ls/Ls H;s/ H, H;/H, Ls /H, 00/ (D 05 /(%) Cr Cr Cwm
0.8 3 0 8..5 30 15 33588 0.17373 0.22501
0.6 3.25 0.2 75 10 15 35292  —0.05879 0.10412
0.6 375 0 9 20 0 38184 0.07653 0.24364
1.0 3075 0 9 10 20 35022 —0.41322  —0.03437
0.8 1 0.1 8 10 10 36708  —0.33385 0.05872
0.2 3.75 0.1 7.5 15 0 36108 0.21789 0.19975
0.4 3. 25 0 7.5 20 20 . 35352 0.20561 0.19286
1.0 3.25 0.4 9 25 20 37221  —0.10019 0.06181
0.8 3.75 0.4 9.5 20 0 40214 —0.05055 0.19119
0.2 3 0 8 10 5 32096 0.50951 0.21464
0.6 3.75 0.4 8 15 20 37548  —0.10507 0.09818
0.4 3.25 0.4 8 30 0 . 37133 0.18648 0.27221
0.2 3.75 0.2 9 30 5 . 38740 0.29489 0.29456
0.6 3 0.1 9.5 15 20 . 33350 0.15808 0.18033
1.0 3 0.3 9 15 10 .36389  —0.19519 0.02246
0.4 3 0.1 9.5 25 5 35945 0. 40450 0.33275
1.0 4 0.2 8 25 0 38554  —0.21140 0.16824
0.2 4 0.4 7.5 20 15 36585 0.13733 0.16055
1.0 3.5 0.1 8 20 15 .37523  —0.23329 0.064 80
0.8 3.5 0.3 7.5 30 20 .37961  —0.06847 0.15518
0.4 4 0.1 8.5 25 20 .39135 0.03204 0.19770
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Ls/ Lg Hs/ H, H;/H, Ls/ H, 6/ 65 /() Cr Cy Cwm

0.2 3.25 0.4 9.5 20 10 0.35998 0.47190 0.26316
0.4 3.75 0.3 8 25 10 0.39481 0.01762 0.20102
1.0 4 0.2 8.5 15 15 0.38200  —0.34572 0.02783
0.8 3 0.3 7.5 20 5 0.37260 0.00871 0.15634
0.4 3.5 0.2 8 15 10 0.37567 0.11251 0.18409
0.4 1 0 9.5 15 10 0.38620 0.10202 0.21520
0.6 4 0.3 9.5 30 15 0.40370 0.01586 0.23364
0.8 3.75 0.2 9 20 15 0.38836  —0.12573 0.11742
0.2 3.5 0.3 8.5 15 5 0.36495 0.35031 0.21849
0.6 1 0 7.5 30 5 0.37978  —0.18363 0.19510
0.8 3.25 0.2 9.5 10 5 0.36931  —0. 10684 0.11074
1.0 3.5 0.1 9.5 30 0 0.37851 0..089.92 0.28477
0.6 3 0.3 8.5 25 0 0. 36758 0.21705 0.27024
1.0 3.25 0.1 7.5 25 10 0.37329,  —0509483 0.13987
0.8 3.25 0 8.5 15 0 036257 \ —0.08135 0. 15005
0.4 4 0.3 9 10 0 0.37949 0.03741 0.19617
0.4 3 0.4 8.5 10 15 0734108 0.31748 0.19335
0.8 3.75 0\ 4 8.5 30 10 0739944  —0.05684 0.19987
0.2 3 0.2 8 30 20 0.32198 0.51321 0. 25796
0.2 3.5 0.3 95 10 20 0.30027 0.53183 0.19731
0.6 3.25 0.2 9 25 10 0.37590 0.18882 0.24900
0.6 3.75 0/1 8.5 20 5 0.39105  —0.03902 0.19382
1.0 3.9 0.4 7.5 10 5 0.37751  —0.29640 0.04276
0.2 3.5 0 9 25 15 0.36650 0.40429 0.26457
A2 2 B 280068 8 MF Y ik .30 p E#R /N T0..000 1. HRE Y 5 AH & & 5L
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Table 4 Coefficients of performance parameters regression model
Cr Ce Cu F BN I 1) e BRI
—1.2624X107¢ 1.2750 1.3722X107! 1
1.0122x10"! —1.7873 —3.1594X10* Ls/Ls
1.2903X10! —2.9196X10""! —7.4283X10* Hs/ H,
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Cr C. oY F B0 R 1) T R
—1.3839X1072 5.6124X107" H;/H,
5.9655X10? 4.2106X10° Ls/ H,
2.9901x107° —1.0178X107* —1.0609X107* 0,
6.3484X10° 7.4092X10°° 0
1.9010Xx10* 6.6767X10* Ls/Ls X Hs/ H,
7.5401X1077 Ls/1s X Hs/ Hy
—6.3927X10? —3.8659X107? Ls/Ls X Lg/H,
—1.5229X107° 2.4632X107* 8.4347X107° Ls/Ls X6,
1.6583X10° —2.7897X10° —4.2273X10°° Ls/Ls X 0;
2.7464X107° Hs;/H, X L/ H,
1.1459Xx10°° —4.6102X107° Hy/-H, X 6,
—6.6267X102 Hs/H, X Ly/ H,
—4.,4947 X106 Hz/ Hy X 6
2.0809X10° 173432107 Lg /T, X 0,
—7.7043X10"" —8.(6897X 10~ Ls/ H, X 0
—6.7824X107° 4.3309X10 —1.4971X10"" L /1§
—2.0098%10 2 Hs/ Hi
—1.2870X10"" 0
—8.0212%10° 03
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Table 5 Evaluation of performance parameters

regression model

AN T8 bR Cn Co Cwm
R 0.9497 0.9914 0.9866
Riy 0.9236 0.9886 0.9797
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Table 6 Maxima and minima of performance regression model and its partial derivatives
s Cr CL Cu
R R/ME BRE F/ME RRAHE R/AMHE
0.42188 0.29289 0.63890 —0.45832 0.38381 —0.10029
d_/a(ls/ L) 0.12219 —0.08011 0.09872 —1.46063 0.13844 —0.49847
d_/a(Hs/Hp) 0.06891 0.00031 —0. 14795 —0.39221 —0.00751 —0.06092
d_/a(Hs;/Hy) 0. 06156 0.00124 0 0 0.06419 —0.15848
d_/a(Ls/ Hy) 0.01099 —0.00716 0.10930 0.01654 0.07472 —0.02710
J_/a6, 0.00471 —0.00276 0.02040 —0. 00808 0.01060 0.00114
a_/a0s 0.00223 —0. 00386 —0.00056 —0.00279 0. 00004 —0.00693
x7 WEHEGIRER
Table 7 Validation cases and results
0./ 05/ Cr C. Cu
No. Ls/Ls Hs/Hiy Hs/H. Lg/Hi | .
O CFD AR CFD AR CFD \ AR
1 0.6 4 0 9.5 30 10 0.4005 0.3988 0.0258 0.0104 0. 2666 0.2897
2 0.6 4 0.4 9.5 30 10 0.4087 0.4114 _=0.0006 0.0104 02409 0. 2444
3 0.6 4 0.4 7.5 30 10 0.3910 0.4048 —0.2044 —0.1571 0.1154 7 0.1964
4 0.6 4 0.4 9.5 10 10 0.3869 0.3811 —0.1264—=0.1082 0.1130 0.1001
5 0.2 4 0.4 9.5 30 10.-.0.3960 0.3922 0.2538 042411 052789 0.2607
6 1.0 4 0.4 9.5 30 1o 0.408% 0.4089—0.0488 —0.0817 0.2179 0.1801
R 1 A2 1 CFD 158 45 21 Al yE s
Ho 3SR e N SRR A B TR B
SR 2 S 3 B 2 55 B 4 il e A T A B AR v I A Sl AL R AR A T2 R
RUAE TR TH I PERE S Lo OC R L IRAM ) R RE 5 A XoF P RE 52 W) Y R A L AR SCOR 2 29 358 3 0 [m] 5
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Fig. 5 Influence of lower wall length on

wall pressure distribution
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