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Low Frequency Dynamic Characteristics
of Liquid-Propellant Rocket Engine Turbopump

Seong-Up Ha* - Young-Seok Jung** - SangYeop Han***
- Seung-Hyub Oh** - Young-Mog Kim*

ABSTRACT

As part of thrust control technology research on turbopump-fed type liquid-propellant rocket
engine system, the low frequency dynamic characteristics of turbopump was investigated. It can
be described that a turbopump system has a lst-order lag element. When the value, which was
resulted by subtraction of the variation of turbine moment with respect to the wvariation of
revolution number from the variation of pump moment with respect to thé variation of revolution
number, was positive, the time constant of the lst-order lag element was positive which stood for
a stable system. Increasing the above-mentioned valve within positive range leaded to the increase

of response and to the decrease of controllability,
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NOMENCLATURES
A : area or coefficient v ! velocity
B . coefficient é : angle
C . velocity or coefficient 7 : efficiency
D : diameter or coefficient o ! density
F . force w . angular velocity
H : angular momentum
I . inertia moment [subscripts]
K : gain or factor
% : moment ad ¢ adiabatic
p © power or pressure dvn . dynamic value
R : gas constant F + fuel
T . temperature or time constant = - gas gegerator
W - work in * inlet
Q : volume flow rate min : minimum
c* . characteristic velocity N : no;rr‘lal or nominal
k . specific heat ratio 0 + oxidizer
n : mass flow rate out output
n ¢ revolution number » ) pum'p
s . distance ! © turbine
u . rotational speed TP turbo-pump
u ! unit mass
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Fig. 1 Schematic Diagram of
Turbopump
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and efficiency
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Table 1. Model TP characteristics (nominal

value)
Oxidizer l Fuel
ny 36000 RPM (600 RPS)
n, 32 kg/s 15 kg/s
o 1120 kg/m* | 810 kg/m’
pump coefficient A 40.807 10.314
pump coefficient B -193.22 1398.4
pump coefficient C -1250.7 -29327
pump efficiency 7, 0.49 0.49
Py i 300,000 Pa | 300,000 Pa
Py out 10,000,000 Pa (10,000,000 Pa
n, 3.3 kg/s
turbine efficiency 7, 0.54
Rg 305 J/kgK
ko 1.2
Ty 900 K
P, i or (Py) 5,000,000 Pa
Py ou 500,000 Pa
Irp 0.04 kg - m?
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Fig. 4 Oxidizer Pump Characteristics
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