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Analysis of design, performance and low-attitude operating

boundary of common bell nozzle

LIU Yangmin, TIAN Yuan, MA Zhiyu, DU Ning, DING Yushuo
(Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract A ground starting nozzle was designed by using the non-rotation characteristic line method and
quasi-parabolic formula. Four common bell-shaped nozzles were considered, namely, maximum thrust
nozzle , optimal parabolic nozzle, truncated ideal nozzle and compressed truncated ideal nozzle. By using
a self-designed and efficient Euler equation coupled boundary layer modified nozzle flow field solver to
solve the flow field, the key information of nozzle under the adiabatic condition such as vacuum specific
impulse and outlet wall pressure were obtained. Then, the flow separation state of nozzle was calculated
by FLUENT software, and the performance and low altitude operating boundary of these four commonly
used bell nozzles were compared. The results show that the performance difference of the four types of
nozzles is very small under the design condition, but both parabolic nozzle and compressed truncated ide-
al nozzle can improve the outlet wall pressure by adjusting the shape surface, thereby enlarging the avail-
able area ratio of nozzle and improving the specific impulse.
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Fig.1 Schematic diagram of TOC nozzle design
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Fig.2 Schematic diagram of parabola nozzle design
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Fig.3 Schematic diagram of ideal nozzle design
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Fig.5 Computational domain and boundary conditions
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Fig.9 Optimization calculation of vacuum pressure for top

nozzle and CTIC nozzle
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Tab.1 Performance of the four types of nozzle

eSSl A/ (km - s71)
TOC 4.406 774
TOP 4.409 050
TIC 4. 406 266
CTIC 4.408 577

3.2 4 KBEERTERAFRITEE

I3 B I RE T R R X B AT B A A
FHALRE, 5528 AT T NEABLS 31488 H (4 41 4 48 w45
H T BE T BEE T o, o 2RI 2= [ FD CTIC
WA 1R T R 7 it 56 Atk AR A T R L 1 A Ak
WK 10 fin,

Hh 7 BE I R J1/kPa

11 21.50
10
27.88
34.26
40.63
47.01
50.20

20 22 24 26 28 '30 32 34 '56 38 40

al(®)

W A W N 9 0 O

m%&uﬁ%m I BE T R 3 Akt

38t £30
29
= Ezg ‘Hﬁ.._\
=< a2yl =99
R 34 &Uﬂzﬁ
1M 32r =23
E - 58 64 70 76 82
o 30r SHE 0 AR T A b
ol .H"-k
H 26F
24r \\-\H\-
22 1 1 1 1 ]
40 60 80 100 120 140
S o AR B AE T A L
(b) CTICHE4E 171 BE 18 = R4k 1157

E 10 TOP B CTIC BER B OEAMUITE
Fig.10 Optimization calculation of wall outlet pressure
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Tab.3 Wall outlet pressure and vacuum specific impulse of nozzle when area ratio is 59
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