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Abstract:

A model based on numerical solution of NavierStokes equations was established for two dimensional scramjet nozele

optimization design. The optimum solution subjected to different constrains was obtained with Complex Optimization Method. Nozzle

performances was improved after optimization. The effects of flight Mach number and cowl length on scramjet nozzle performances was

evaluated, respectively. The results are useful for further design of scramjel nozzles.
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Fig. 1 Scramjet nozzle profile and

computational domains for flowfield calculation
(a) Seramjet nozzle; (b) Computational domains

Table 1 Initial parameters for scramjet nozzle design

Flight Nozzle inlet
Parameters — —
Mach Mach Static Static
number number lemperature pressure
Cases (Ma o) ( Mag) (To/ K) ( pof Pa)
v 5.0 1. 7656 1182. 83 27096. 66
@ 5.5 1.917 1245. 08 33550.72
@ 6.0 2. 0606 1309.525 | 41184.04
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Fig.2 Convergence history of scramjet nozzle design

(a) Convergence history of N-S equations for scramjet nozzle flowfield calculation;

(b) Convergence history of scramjet nozzle profile optimization

Table 2 Performances of scramjet nozzles before/ after optimization parameters

Pisiinictes Fraightof | Bkt ot | Vet of Expansion Exllallﬁi(l.ll Expansion ]ﬂ‘(llallﬁi(l?l Thrust Lif Pitching | Pressure | Pressure

il‘J‘I e et e angle of | angle of angle of | angle of off; : ficient moment ratio al ratio at

{I:‘ /H I} _I " Hmi {}E :/ H'm; point a pomnt my | point mo | point ms m{ (:( ;en m;- (}('T” coefficient | cowl lip | nozzle lip

Nozdes Vi) | CH S 3y ( ar) (a,°) (@) (a5’) ! ‘ (Cy) Prod! p o) (pulp o)
Initial nozzle 3.249 4.572 5. 506 38.7 24.2 16. 8 14.0 0.233 -0.118 0. 241 3. 686 7.035
Optimum nozzle 2.354 3. 568 4.502 19.7 20.2 16.9 13.7 0.265 [2.09x 1073 0.222 3.705 5.537
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Fig.3 Mach contours of scramjet nozzle

( a) Before optimization; ( b) After optimization
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Fig. 4 Pressure contours of scramjet nozzle

( a) Before optimization; ( b) After optimization
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Table 3 Performances of optimum scramjet nozzle at

different working conditions

3 Tl e ¥ A
Flight Thrust Lifi Pitching Pref-,:-.urt: F ressure
Mach : L moment ratio al ratio at

coefficient | coefficient : 8 ]
number ( Cr) (C) coefficient | cowl lip | nozle lip
(Ma) ! : (Cn) | (Pl p )| (pulp )
5.0 0.233 [3.20x 1077 0.173 2.571 2.803
5.5 0.251 [3.08x 10" % 0.199 3.085 3. 988
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Fig. 6 Performance variations versus cowl length
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