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Study on transient flow characteristics of liquid oxygen delivery system
LI Cui DUAN Xiaoxing LI Yanzhong LI Chenshuo DU Feiping

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract Aiming at the problem during the operation of a liquid rocket engine, the opening and closing of valves would cause a
water hammer phenomenon in the propulsion pipeline system,inducing structural vibration and deteriorates the working environment
of components,a dual parallel liquid oxygen delivery pipeline system was taken as the research object, the pulsation characteristics of
pressure and flow rate during different transient processes such as engine startup and shutdown were studied, and the effects of
propellant flow rate, pressure-volume (PV) product of the accumulator, main path length, and valve flow characteristics on the
oscillation peak value and frequency were analyzed. Calculation results show that the peak value of the shutdown water hammer
reaches 5 times the stable pressure,and is 2.6 times the startup peak value. When the flow rate is increased from 210 kg-s ' to 290
kg-s™', the maximum amplitudes of the startup and shutdown water hammer are increased by 7 times and 4 times, respectively. The
shutdown peak value is decreased by 63% when the PV value of the accumulator is increased from 1.5 MPa-L to 3.5 MPa-L. The
startup and shutdown peak values are increased by 24% and 75%, respectively , when the main path length is doubled from 7.4 m to
14.8 m. The shutdown peak value of the quick-opening valve reaches 5.3 times of that of the equal percentage valve,and the water
hammer can be effectively weakened by the latter. It is shown by the sensitivity analysis that the flow rate and the main path length
are most strongly correlated with the peak pressure and the pulsation frequency , respectively .

Key words liquid oxygen delivery system; transient flow; water hammer; accumulator; valve characteristic
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