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Dynamic simulation of the LPRE turbopump with considering the internal
hydraulic flows of the pump
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Dynamic character of the hydraulic parameters in the transient operating regime of the liquid propellant
Received 01 October 2015 rocket engine (LPRE) depends on many factors. In this paper some of these factors such as pump
Accepted 12 November 2015 inertia, power balance of pumps with turbine, temperature rise of working fluid in pump passages and
Available Online 05 December 2015 . - . . - - :
variation of pump efficiency with the turbopump rotational speed are simulated. For the first time,
filling of the inlet main pipeline and filling of the internal hydraulic channels of pump along with main

Egﬁ"éordS: pump equations are also simulated. To achieve this purpose, governing differential equations of each
Turbopump factor are derived, coupled with each other, and then solved by means of Finite Volume method in
Dynamic Simulink-MATLAB software. Results of this mathematical model are compared with experimental data
Finite volume

of a real turbopump and shown that, without considering the internal hydraulic channels of the pump,
“the delay time of the turbopump” is not matched with real results, but by taking the mentioned
hydraulic effects into consideration, acceptable agreement would be achieved. Also shown, by changing
the resistance and inductance values of internal channels of pump, the settling time of turbopump could
be changed, and used as a good factor to optimize the LPRE start process.

Internal hydraulic flow
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Fig. 1 Schematic of a typical LPRE centrifugal pump: 1. Inlet,
2. Inducer, 3. Floating ring, 4. Volute, 5. Ball bearing, 7
Leakage pipe, 8. Seal disk, 9. Packing, 10. Rotor, 11. Diffuser,
in: pump inlet, I-1: impeller inlet section, 1I-11: impeller outlet
section, out: pump outlet.
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Fig. 4 Pump efficiency in the various rotational speed
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passes of the investigated pump according to Fig. 5and 7.
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Fig. 8 Simulated model of the pump in Simulink-MATLAB (All parameters are defined in the manuscript text)
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Fig. 9 Simulated model of a hydraulic pipe element in Simulink-MATLAB (All parameters are defined in the manuscript text)
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Fig. 10 The Ratio of the output pressure to the nominal pressure
of the pump vs. time from the hot test and the simulation
without influence of the internal hydraulic passes of the pump
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Fig. 11 The Ratio of the output pressure to the nominal pressure

of the pump vs. time from the hot test and the simulation with

influence of the internal hydraulic passes of the pump
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Fig. 12 The Ratio of the output pressure to the nominal pressure
of the pump vs. time from the hot test and the simulation with
increased inductance and resistance of the internal hydraulic
passes of the pump
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