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Analytical Investigation on Temperature Rise of Liquid
Oxygen in Propellant Tank

Namkyung Cho* - Yonggahp Jeong* - Youngmog Kim** - Sangkwon Jeong**

ABSTRACT

For pump-fed rocket propulsion system, the temperature of LOX to be supplied to turbopump inlet
should be satisfied with pump inlet temperature requirement during all operating stages, as excessive
temperatures can result in cavitation due to reduction in NPSH, thus either damaging the pump or
adversely affecting pump performance rise. So exact estimation of LOX temperature rise is absolutely
needed for developing reliable propulsion system. This paper presents systematic analysis scheme for
estimating inner process of cryogenic propellant tank which is needed for LOX temperature rise. And
this paper presents LOX temperature rise and thermal stratification for all rocket operating stages
including cooling, filling, waiting, pre-pressurization and firing, with the application of buoyancy
driven boundary layer theory.
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Nomenclature
WA AN BAE ASPReg AL
Ay : Tank wall heated area AGNAZIY] o B ER Ao Futa <o
Vg : Volumeteric flow rate of liquid in U 270tk 83 e 9@ 2 23 Age o
s

heated boundary

Vivp: Volume of liquid in upper dome
before any outflow
Boundary layer thickness
Temperature excess in boundary
layer’
(actual temperature minus liquid bulk
temperature)

o : Average of "mixing cup" temperature
excess of boundary layer

6, wall temperature minus liquid bulk
temperature

£ Ratio of 9/9,,, =0.25

m mass flow

% specific volume

ol viscosity

P density V . volume

Q heat inflow T temperature

Nu : Nusselt number

Subscript

in : inlet g : gas phase

out : outlet sat : saturated condition

w : wall vg : gas vapor

g : gas

gvs: gas vapor generated at surface
gs : gas to surface wo : outer wall

Is : liquid to surface
Abbreviation

S.V. : LOX sub-volume

B.S.V. : Boundary layer sub-volume
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Fig. 2 Schematics of Analysis in Case of Multiple
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Fig. 4 Schematics of Heat Transfer at Tank
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Fig. 6 Schematics of TH‘ermaI Stratification by
Buoyancy Driven Boundary Layer Flow
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Fig. 7 Calculation Procedures for Thermal Stratification
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Table 1. Specification of Liquid Oxygen Tank

F A dulg o] &3t dAikie] A slgte]
o] FoJA= A 7t}(cold pressurization) A7}

Item Value

Initial LOX tank 300 K FHET, HFHoZ FAL AN BHa W
temperature o FAL dFS A7 du@z dUA #a
Iru'tli(al pressure of LOX 1 bar Y 71ge Fdstn =4S AR EEAF
tan

£ AQBF (hot-pressurization) ©A7} S8
LOX tank diameter 3.04 m 8% (hot-pressurization) THA7} 3
LOX tank length 457 m o B d7dAe 2 949 &4 AZHE Table
Tank wall thickness 29} o] AA3h

: 12.7 mm
(aluminum)
Tank wall insulation 25.4 mm Table 2. Operating Stages of LOX Feeding System
thickness
Tank wall insulation No Stage Time
conductivity 0.086 W/m-K 1 | Cooling and filling stage 1.2 hour
LOX fill level 90 % 2 | Holding stage (no vent) 0.1 hour
LOX vent valve diameter 76.2 mm 3 | Cold pressurization 0.1 hour
LOX flow rate to engine 75.6 kg/sec Engine firing and hot .
4 L 5 minutes
pressurization
Pressure Vent
Sensor / Valve___

Regulator

Heat
exchanger

Fig. 8 Specification of Propulsion System for
Analysis
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Fig. 9 Transform of Analytical Model from Cooling Stage to Filing Stage
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