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Thermal performance analysis of liquid
oxygen filling process
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Abstract; In order to meet the requirement of liquid oxygen filling temperature in the test of a
launch vehicle power system, the thermal performance in the filling process is analyzed. The
temperature rise caused by heat leakage and flow resistance loss in normal liquid oxygen filling
process, and the temperature rise caused by efficiency loss of liquid oxygen pump are calculated
theoretically to get the temperature variation regularity in normal liquid oxygen filling process. The
thermal performance of super cooling liquid oxygen filling process was obtained by theoretical
calculation and numerical simulation of super cooling temperature mixing characteristics. The above
analysis result and the detected result are contrasted. The results are coincided with experimental data.
The results show that the thermal characteristic analysis method for liquid oxygen filling process is
correct and feasible.
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Tab. 1 Calculated results of temperature rise and

flow resistance in tubes with different diameters

BAMmm B/ (mh) EE (mes™) ETHK
DN150 18~180 0.28~2.83 0.11~0.31
DN125 18~180 0.44~4.42 0.15~0.46
DN100 18~180 0.64~6.37 0.21~0.55
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Tab. 2 Results of temperature rise caused by

pump efficiency loss at different flow rates

i (Lemin)  $%f/m B I% R FH/K
500 54 27 0.84
1.000 94 46 0.64
1 500 88 53 0.45
2 000 106 60 0.41
3000 140 74 0.28
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Fig. 1 Temperature and pressure curves along tube
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Tab. 3 Calculated results of filling temperature and super cooling temperature at different flow rates

F/(Lemin™) JEPGETK  RFLETHK  FEHRLETYK IERE/K R MPa AR EE/K A E/K
500 0.28 0.17 0.84 91.29 0.10 97.24 5.95
1 000 0.21 0.23 0.64 91.08 0.22 102.77 11.69
1500 0.16 0.29 0.45 90.90 0.32 106.35 15.45
2 000 0.12 0.35 0.41 90.88 0.56 112.86 21.98

3 000 0.05 0.46 0.28

90.79 0.68 115.49 24.70
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Fig. 2 Calculation flow chart of super cooling

liquid oxygen mixing process
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Fig. 3 Temperature curves of super

cooling liquid oxygen
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Fig. 4 Temperature distribution in symmetry plane
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Fig. 5 Flow rate and temperature curves

in liquid oxygen filling process
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Tab. 4 Comparison between detected data and calculated results of liquid oxygen filling process
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TR i e/ B ot
e =N TEYE BE b= s (= Y2 BH Y F3 =
(L-min") AEIRIR IR ARl LK TePAERTE R R ETHK B2 /K
K K K HTHK
NS ~500 91.41 91.74 0.33 0.28 0.17 / 0.45 0.12
KR EIE  ~3 000 90.92 91.52 0.60 0.05 0.46 0.28 0.79 0.19
BENE ~1500 10241 103.12 0.72 0.16 0.29 0.45 0.90 0.18
KpaindE  ~2 000 90.51 91.19 0.68 0.12 0.35 0.41 0.88 0.20
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Fig. 6 Detected results of super cooling liquid

oxygen filling at state 1
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Fig. 7 Ddetected data of super cooling liquid
oxygen filling at state 2
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