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Transient Analysis of Liquid Rocket Engine
around the Noeminal Thrust Level!

Soon-Young Park” - Hwan-Seok Choi' - Woo-Seok Seol’

ABSTRACT

It is essential to develop a transient engine system analysis model for turbopump fed type
liquid rocket engine development, especially for deriving engine system test number and
conditions. In this study, we proposed a mathematical model of turbopump fed type liquid rocket
engine, and inspected transient mode changes around the nominal thrust level of a rocket engine
according to variations of trust control valve’'s opening ratio. To verify the results, we solved the
same problem with AnaSyn software from Russia, and concluded that the transient code showed
the similar results within 2% with AnaSyn.
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Fig. 2 Typical schematic diagram of open type
liguid rocket engine system. 1 : combustion
chamber(CC), 2 : gas generator(GG), 3 :
oxidizer pump, 4 : fuel pump, 5 : turbine, 6 :
CC oxidizer shutoff valve, 7 : CC fuel shutoff
valve, 8 : GG oxidizer shutoff valve, 9 : GG fuel
shutoff valve, 10 : thrust control valve, 11 :
pressure stabilizer
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Fig. 2 Representative Flomaster network for
calculation of loss coefficient (Kv)

Fig. 3 Drawing of typical pressure stabilizer. 1:
upper chamber, 2: membrane, 3: lower chamber,
4: spring, 5: piston, 6: valve
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Fig. 5 System transient calculation flowchart
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Table 1. Throttled engine mode of AnaSyn and
transient analysis

Nominal
Thrust Control Valve mode 1 ome mode 2
mode
Effective section area,
5 2 1.343 1.689 2.286
107*m
pressure drop, bar 22.90 18.97 12.85
Combustion
Chamber
AnaSyn 4962 52.86 54.81
pressure, bar B
Transient | oz | s285 | 9
code
Gas Generator
AnaSyn 50.27 5787 64.30
oressure, bar Transient
49.90 57.86 64.98
code
Gas Turbine
shaft revolutions, AnaSyn 18974.1 | 20008.2 | 20607.0
oo
om ransient | 1a0843 | 200000 | 206805
code
Oxidizer Pump
AnaSyn 0639 0.640 0.641
efficiency Transient
0.639 0.640 0.641
code
AnaSyn 59.679 | 63689 | 66.166
flow rate, kg/s Transient
59.209 | 63695 | 66.790
code
AnaSyn 84.69 93.37 98.79
pump head, bar Transient _
84.40 93.29 99.56
code
Fuel Pump
AnaSyn 0.650 0.653 0.655
efficiency Transi
st oe0 | 0683 | 06%
code
AnaSyn 27.055 | 28971 | 30234
flow rate, ka/s Transient
27.069 | 28988 | 30.368
code .
AnaSyn 117.04 | 12028 | 136.79
pump head, bar Transient
code 11738 | 12933 { 13760
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