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Research on liquid oxygen density measurement

Zhao Wanming
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Abstract: In liquid rocket engine testing, propellant mass flow rate was obtained through the
product of the volume flow rate and the density. The accuracy of the mass flow rate measurement was
‘ closely influenced by the measuring precision of the density. Liquid oxygen densily measurement for
liquid oxygen/kerosene engine lesting was a complex process with lot of technical difficulties. The
methods, caleulation and major influence factors for liquid oxygen density acquisition were intro-
duced in this paper. As the emphasized point, the liquid oxygen temperature measurement technique
was analyzed in detail.
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Tah.1 Comparison of LOX calculated densities obtamed by temperature/pressure measuring and temperature measuringi1)

BEK  AAOBMEMEREE/Gew) LR AR
03MPz i  04MPa8f 0.5MPa & (.6MPa B} 0.4MPa Bf  0.6MPa B
93 1121600 1121952 1122293 1122633 1122.980 1.028 0.348
92 1126.697 1127044 1127388  1127.73) 1128.036 0.993 0.305
91 1131.768  1132.118 1132466 1132812 1133.087 0.969 0274
90 1136821 1137.175  1137.527 1137.877 1138.132 0.957 0.255
89 1141.856  1142.215 1142571 1142925 1143.172 0.958 0.247
33 1146.874  1147.237 1147.598  1147.956 1148.208 0.97 0.251
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Teb.2 Comparisan of LOX caleulated densities obrained by temperature/pressure measuring and temperature measuring(2)

AR (MBME LTS5 (6)

RE/K dr 23K (6) 15 M M PR / (kg -m™) N 15 5/ (kg )

0.3MPa &f 0.4MPa Bif 0.5MPz Bt  0.6MPa B 0.4MPa & 0.6MPa B}
93 1123913 1123939 1123964  1123.989 1122.980 -0.958 -1.009
2 1128959 1128984 1129009 1129.033 1128.036 —0.948 —-0.997
91 1133.976 1134001  1134.025 1134.049 1133.087 -0.914 —-0.963
90 1138966 1138990 1139.014  1139.038 1138.132 -0.858 -0.905
89 1143928 1143951 1143974 1143998 1143.172 -0.778 -0.825
88 1148.861 1148.884 1148907 1148.930 1148.208 0677 -0.722

£3 W-I0K BEHERTTRAEENZEER
Tab.3 LOX densities at 90~100K under unsteady condition

B®/K EH/MPa HE/(keemd BRAGEFRREE/kgm® BAVEFAREER/(kgm?) HEE/(%)

0.200 1142.15 0.026 0.078 99.70
90.00 0.400 1142.65 0.037 0.111 99.70
0.600 1143.03 0.038 0.114 99.70
0.200 113198 0.047 0.141 99.69
92.00 0.400 1132.58 0.029 0.087 99.70
0.600 1132.89 0.041 0.123 99.65

4 HENRSEERABREEETHEKRELE

Tab.4 Comparisen of LOX densities obtained {rom direct and indirect measurement

BE/K EH/MPa #IE /(kg-m?)
NASA
B AR() ARE) AR ARE) HARX SAR
& MEE @B
£
90 040 114265 114258  1137.175 1138990 1138.132 1142.654 4518 ~(0.006 —0.074
92 0.40 1132.58 113257 1127.044 1128984 1128.036 1132.508 4544 0.072 0.062
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Tab.5 Influence of temperature and density on the ealculated flow rate value

BEAC I kg m) (W;Eiﬁfg:;2w> Qiﬁéiiigfi
AR A AR(T) AR (8)
-182.5 1134.853 1139.359 283.713 284.840 1.127
-183.5 1139.897 1144.427 284.974 286,107 1.133
1CIIEMEMR 5.044 5.068 1.261 1.267

RN RE 1CH AR (ABAR (SRR BRE 283.713-286.107=—2.394kg's, 322

-2.394/286.107=0.84%
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