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Performance calculations and analysis-of mul ti- module ‘aerospike
nozzles with round to rectangle inner nozzles

WANG Yrbai, WANG Chang hui, LIU Yu, QIN Lrzi

(School of Astronauties, Beijing U niversity of”Aeronautics

and Astronautics, Beijing 100083, China)

Abstract: Based 'on an norroscillatory and norrfree parameters dissipation difference
(NND) scheme to solve, three dimensional Reynolds averaged N avier- Stokes equations, per-
formance calculations and analysis of multr module aerospike nozzles with round to rectangle
inner nozzles were investigated. Flow characteristics and performance of four inner nozzles
including bell nozzle, two dimensional nozzle, round to square inner nozzle and square throat
to square exit nozzle were compared. Then performance of round to rectangle inner nozzles
that have different structures such as contour changing points, contours after changing
points and exit arc radiuses were discussed. The effects of different structures of inner noz-
zles, different nozzle obliquities and different plug contours on the multr module linear aero-
spike nozzles were also presented. And a design scheme of the optimized aerospike nozzle was
given. Conclusions can provide some reference for studying design of the multr module linear

aerospike nozzles with round to rectangle inner nozzles.

Key words: aerospace propulsion system; aerospike nozzle; round to rectangle inner

nozzle; plug contour; performance
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Table1 Four models of round to rectangle inner nozzles

d,/mm A R/ mm e;
L 49 10 5.4
AlS 49 ( g§=1.5) 10 5.4
A20 49 ( §=2.0 10 5.4
A275 49 ( &= 2.75) 20 5.4
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Table 2 Performance calculation-of four models
FIN / (kg/s) or I/ (m/s) n
1 1057.7 0.4760 1.3912 2222, 1 0.9878
2 1006.6 0.4532 1.3240 2220.5 0.9401
3 1010.2 0. 4544 1.3288 2222.7 0.9435
4 1038.2 0.4632 1.3656 2240.2 0.9696
3.2 3
, ,pe="3.67TMPa, p. Table 3 Performance calculation of four round to
NPR ’ Te= 3393K. rectangle inner nozzles
R= 679.86J (kg * K), k= 1.198. F/N 1,/ (m/ ) n
?é L 9542.4 3353.2 0.9164
(‘)ﬁ AlS 9571.0 3356. 0 0.9192
& o6k A20 9565.0 3351.7 0.9186
§' ! A275 9598.5 3356. 4 0.9218
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35 Table 4 Performance calculation of aerospikes with
3.0 —gmﬂ! kls four different round to rectangle inner nozzles
25k - - - KU A20
L - - A275 FIN I/ (m/'s) n
& 20F
% 6b L_C_44 367 10431. 6 3597.9 0. 8478
1.0F A15_C_44 367 10460. 6 3612.8 0. 8502
0.5F A20_C_44 367 10458. 6 3612.6 0. 8500
0550 o .30 100150 A275_C_44.367  10290. 1 3572.5  0.8363
Z=0
(2)2=0 plane L_P_30_367 10699. 0 3690.2  0.8695
35
1.0 A15_P_30_367 10743. 1 3710. 4 0.8731
- — HAL
25 ) gﬁ! AlS A20_P_30_367 10738. 4 3709. 3 0. 8727
o - - - A20
§20p - - - BUA) A275 A275_P_30_367  10560. 1 3666.3  0.8583
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Table 5 Performance calculation of ) >
aerospikes with diff erent plug contours
F/ N I/ (m/s) n ’
A15_1_30_367 10202.7 3523.8 0. 8292
A15_P_30_367 10743.1 3710. 4 0.8731
A15_C_30_367 10843.0 3744. 8 0. 8812
A15_L_30_3670 11773.6 4066. 3 0. 8771 P
A15_P_30_3670 12332.4 4259.3 0.9187
A15_C_30_3670 12427.5 4292. 1 0.9258 ?
A15_0Op_41.3_3670 13147.1 4616. 3 0.9794 (
A15,0= 41.3°)
L0 , 0. 98.
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