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Hydrogen/ oxygen hot-firing tests of altitude compensating nozzles

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

(School of Aerospace,
Beijing University of Aeronautics~and A stronautics, Beijing /100083, China)

Abstract: By employing the gaseous oxygen as oxidizer and gaseous hydrogen as fuel,
hot-firing tests were performed for aerospike-nozzle and-duak bell nozzle test engines with al-
titude compernsating features. The gaseous-hydregen/ oxygen experimental system, the test
nozzles’ configuration, design parameters and assembly graphics were described. Made of
the ablatiorr resistant tungsterr copper alloy, the test components of nozzles have successfully
passed several short-perfiod hotfiring tests. The measured parameter curves, test photo-
graphs and results are obtained, thus obtaining the performance data of aerospike nozzle and
duatbell nozzle under different altitudes, both of which have good altitude compensation
characteristic as compared with the conventional bell nozzle. For example, the thrust coeffi-
cient efficiency of aerospike nozzle is 92%-95% and dual-bell nozzle is 96%-98% at low alti-
tude, and about 95% at high altitude.

Key words: aerospace propulsion system; aerospike nozzle; dual-bell nozzle; hotfiring

test; altitude compensating characteristic
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Table 2 Hot firing test Parameters of the aerospike nozde
Table 1 Design parameters of the test engines
/ NPR poz/ T;l()z/ sz/ TleZ/ F/N p(./
p./M Pa T./K Y R/J/(kg* K) MPa (kg/s) MPa (kg/s) MPa
3. 85 3 427 1. 198 632.06 114 875 0.7912 8.0 0.1543 3304.8 3.82
. . 450 8.75 0.7948 8.35 0.1585 3647.6 3.76
mo,/ kg/s  mu,/ (kgls) d,/mm €
0.762 0.139 26 80 1120 8.85 0.8007 7.85 0.1348 3478.9 3.4
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Table 3 Hot firing test Parameters of the dual bell nozze

N PR P02/ T;loz/ sz/ iflﬂz/ FIN pe!

MPa (kg/s) MPa (kg/s) MPa
110 8.95 0.7933 7.82 0.1464 3355.6 3.75
800 895 0.7956 7.65 0.1448 3489.7 3.71
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aerospike nozzle and the dual bell nozzle
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Fig.10 Wallpressure distribution-of the
dual bell\nozzle

8l , e Cr/Crial, Cr

, Cridea
; 80
11
NPR= 110 ,
92% ~ 95% , 96% ~ 98%
; NPR= 450~ 650,

98%; 94%
(NPR=1120), 96% (N PR=
900) . ,

NPR.= 1139, N PR,

2 . 2

11
Fig.11 Performance com parison of hot firing

tests

(D
, 98% .

(2) ;

(3)

[1] Muss ] A, Nguyen T V. Evaluation of altitude compense
ting nozzle concepts for RLV [R]. ATAA 973222.



322

22

[2]

[3]

Hagemann G, Frey M, Manski D. A critical assessment of
duak bell nozzles [R]. ATAA 97-3299.
Bokulich F. X-33 advanced technology demonstrator sched
uled to fly in 1999 [J]. Aerospace Engineering, 1998, 18
(3): 1827.
Horn M, Fisher H. Dual bell altitude compensating nozzles
[R]. NASA-CR 194719, 1994.
Vuilamy D, Duthoit V, Berry W. European investigation
of clustered plug nozzles [ R]. AIAA 99 2350.
Sakamoto H, Takahashi M, Sasaki M, et al. An experr
mental study on a 14 kN linear aerospik e nozzle combustor
[R]. AIAA 99 2761.
[D].
, 2004.

, 2004.
[n. , 2004, 19(3): 413-418.
WANG Yibai, LIU Yu, WANG Changhui, et al. Numerr

cal and ex perimental study of a plug nozzle with two rectar

[10]

[11]

[12]

gular inner cells[ J]. Journal of Aerospace Power, 2004, 19
(3): 413 418.

[J]. , 2004, 25(5): 444-449.
WANG Yibai, LIU Yu, WANG Changhui, et al. 3D nur
merical and ex perim ental study of a tile shaped plug nozzle
with characteristic plug contour[ J]. Journal of Propulsion
T echnology, 2004, 25(5): 444 449.

[J]. , 2003, 24 (6): 505 508.
M A Hongrui, ZHANG Yangjun, ZHENG Mengwei, et
al. Numerical analysis on the performance of duatbell
nozzle[ J]. Journal of Propulsion Technology, 2003, 24
(6): 505508.

[J]. , 2005, 275(2): 26-30.
ZHENG Mengwei, ZHU Senyuan, ZHANG Yangjun.
Numerical simulation and cold flow test for duatbell noz
zle flow field[ J]. Missiles-and Space Vehicles, 2005, 275
(2): 26 30.



