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Review on development of cryogenic propellant

densification technology

ZHANG Chunwei, CHAI Dongdong, MA Jungiang, CHEN Jing, LI Shanfeng
( Beijing Institute of Aerospace Testing Technology, Beijing 100074, China)

Abstract Densification by means of deep supercooling can significantly improve the thermodynamic
properties of cryogenic propellants, including increased density, reduced gas-liquid saturation pressure,
and increased sensible cooling capacity, which has an important role in reducing the rocket size and en-
hancing the application convenience of cryogenic propellants. In this paper, three typical cryogenic pro-
pellants, liquid methane, liquid oxygen and liquid hydrogen, were selected as the research objects.
Firstly, the physical parameters of the cryogenic propellants before and after deep subcooling were com-
pared to gain an in-depth understanding of the beneficial effects of densification. Then, the development
and application status of cryogenic propellant densification at home and abroad were reviewed, and its
technical characteristics were summarized. Finally, some suggestions for the development of cryogenic
propellant densification suitable for China’s national conditions were put forward, including the simultane-
ous densification of cryogenic propellant combination, the development of high-performance vacuum com-
pressors and the design of new filling process processes, etc. The results can provide theoretical reference
for the future development of cryogenic propellant densification technology.
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Fig.1 Density and saturation pressure changes of
liquid methane, liquid oxygen, and
liquid hydrogen after subcooling
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Tab.1 Comparison of main physical parameters of three cryogenic propellants after supercooling

HE/K JE 71/kPa R
B e e WE ShA WM (kfi@ : (ljﬁr‘f% B %
FH oz 111. 670 90. 69 20. 980 11. 705 89. 620 422.36 451. 47 6. 89
WA 90. 188 54. 40 35.788 101. 325 0. 148 101. 177 1141.20 1 305.90 14. 43
WA 20. 369 13.96 6. 409 7.358 93. 967 70. 85 77.01 8. 69
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Tab.2 Comparison of four slurry hydrogen preparation methods
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Tab.3 Comprehensive performance scoring of 23 liquid methane densification schemes for Altair
P UE S Zat ®ATREM HhERENE BUoEbhE A AT
1 ARB 7. 80 6. 80 4.20 6. 00 6. 50 6. 00
2 ARB 5. 40 8. 60 7. 80 7.20 3.00 6. 00
3 A TVS 5.60 7.90 5.80 6. 60 4.00 6. 50
4 B LH, el 5.30 7.80 5.20 6. 80 4.50 6.75
5 A LAr i 7.70 7.80 5.20 7.40 4.50 6. 00
6 BLASFLA R 6. 50 6. 90 7. 80 6. 20 4.00 6.75
7 S A 5.80 7.90 7.60 8.10 6. 00 7.63
8 MG 45 7. 40 8.10 5.00 7.50 7.50 6.75
9 X-33 3 H 7 #2-LCH, 6.50 7.80 8. 40 7.40 7.00 8.00
10 X-33 3 H i A2 -R13 4.00 7.80 3.00 4. 60 4.00 6.75
11 X-33 3 H i #2-R14 4.00 7. 80 5.60 6. 80 5.00 6.75
12 FE TVS 6. 10 7.20 8.40 7.80 7.50 7.00
13 A1 JFAV R H 7.50 7.40 5.80 6.80 7.00 6.75
14 LN, 7 3} 5 46 4 7.10 7.80 5.80 6.90 4.50 6.75
15 LH, s 4 5.20 7.70 7.00 6.90 4.50 6. 13
16 LAr it 54 3 7.00 7.80 5.30 6. 80 4.50 7.00
17 T AL E 7.20 7.20 6.40 7.50 5.50 7. 06
18 HEh=Ual 7.20 6. 80 5.50 6. 20 5.50 5.50
19 PpAEAEHRA 4.00 6. 00 4.00 4.33 3.50 3.67
20 MR IEIR-N, 5.75 7.25 4,25 7.00 4.00 6.33
21 P22 G- Ar 5.50 7.50 4.50 7.00 4.00 6. 00
22 2 I 3R-CH, 5. 00 7.25 4.00 6.75 4.00 5.33
23 TRIEAHL 8.50 7. 00 9.00 6.50 4.50 5.50
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Fig.2 Liquid methane densification process based on

evacuation cooling and cryocooler for Altair
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Fig.3 Liquid methane subcooling process and
physical device designed by Xi’an Jiaotong

University
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Fig.10 Subcooler and evacuation device of the liquid
oxygen subcooling system designed by Beijing

Institute of Space Launch Technology
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Fig.11 Liquid oxygen subcooling process and physical

device designed by Xi’an Jiaotong University
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