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Optimization design for nozzle contour of rocket engine based on
response surface method
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Abstract: Based on the known gas parameters of a certain rocket engine, the performance
of nozzle with convergent section designed by Witoszynski, bicubic curve, quintic curve and axis
shifting method based on Witoszynski was analyzed on a comparative basis. Better performance of
nozzle was obtained by axis shifting method. The nozzle contour parameters (initial arc radius of
arc segment, outlet half angle, length diameter ratio of expansion section) were calculated and ana-
lyzed by single variable method. The results showed that the nozzle outlet thrust decreased with
the increase of the initial expansion arc radius and outlet half angle ; with the increase of the length
diameter ratio of the convergent section, the length diameter ratio of the expansion section and

the expansion angle, the nozzle outlet thrust first increased and then decreased. Due to the interact
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phenomenon of the influence of the parameters of each contour, the response surface method

(RSM) was used to optimize the parameters of nozzle contour in order to comprehensively consider

the influence of various parameters on nozzle performance. The results showed that the length of the

performance of nozzle contour obtained by RSM was reduced by 3. 40% with the increase of thrust.

Key words: propulsion system; thrust nozzle; response surface method;

contour parameters; optimization design
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Table 2 Initial nozzle contour parameters
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Fig.2 Convergent section profile of datum contour
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Table 3 Reference nozzle meshing parameters
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Fig.7 Influence of length diameter ratio of convergent

section on thrust

2.4 AN B

P8 T 7 R W AE 47 5 ) X I AEF HE 1 4 ) Y
Wi Pl TR BE AR 5K AR B R WU H T
e B KRG W/ A7 TE B AR 5K A A5 A 1S 3 iR
FEHEST o TEWIER Y KA BN, 375K Bl R ER
Pk B T T T HEID MU I 8 5 o), A
PEREREAR I 1B/ . B 5Kk M A3 R, 19k B
il R AR AR WY AR DT 5K AR O 337N WA 1
RN AR Sy o BEER 5K A A — PR Tk
Bty A0 b — 25 8 R AR AR B H AR R
IS 9 7 47 51 A 1 8 R /1 o

1390
1385 |
1380 |
Z 1375 |
S 1370 -
1365
£ 1360 |
1355 F
1350 |
1345

9 13 17 21 25 20 33 37 41 45 49 53
Prsksmen)
P8 4 sk Sy 4 #3195 o)

Fig.8 Influence of expansion angle on thrust
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Fig.9 Influence of outlet half angle on thrust
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Table 4 Design nozzle contour parameters
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Table 5 Response surface test design and results
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Table 6 Results of variance analysis
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