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Test on working characteristics of 490 N engine for satellites under
off-rated conditions
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WU Lingfeng" *>, YAO Feng"?

(1. Shanghai Institute of Space Propulsion,
China Aerospace Science and Technology Corporation, Shanghai 201112, China;
2. Shanghai Engineering Research Center of Space Engine, Shanghai 201112, China)

Abstract: Accurately mastering the working characteristics and margin of liquid rocket engine under
different parameters is crucial to its reliability. High-altitude simulation and ground hot fire tests of the
second generation 490 N engine under off-rated conditions were carried out, and the influence of thrust
and mixing ratio changes on the engine working characteristics was studied. Results indicated that, the
engine can work normally within the wide envelope scope of mixing ratio 1.54—1.80 and vacuum thrust
372—584 N under high-altitude simulation environment. With the increase of thrust, the vacuum specific
impulse and throat temperature both rose, the combustion chamber efficiency increased, kept stable and
decreased in turns, and the nozzle efficiency increased slightly. As the mixing ratio increased, the vacuum
specific impulse and throat temperature also increased, the combustion chamber efficiency did not change
obviously, and the nozzle efficiency decreased slightly. For the rated mixing ratio, the combustion
chamber pressure fluctuated smoothly within the range of 0.61 —1.56 MPa, enabling to work with the

vacuum thrust of 345 —900 N. However, it produced combustion oscillation of low/middle frequency
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(207 Hz) coupled with the feed system at 0.51 MPa. The intensifying erosion of hot flow and increasing

temperature in the throat under high working conditions accelerated the loss of coating, which reduced the

long-term working life of engine. Nonetheless, it can still meet the working life requirements of 25 000 s

for satellite identification within a certain off-rated range and single ignition duration.

Keywords: 490 N engine; off-rated condition; working characteristic; vacuum thrust;

mixing ratio
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Kl FJ/N pJ/MPa q./(g/s) o ROk /s
A 370~585 0.65~1.00 121~189 1.54~1.80 50, 1 000~2 000
B 405~510 0.73~0.89 134~166 1.54~1.76 50, 1000
C 517 0.90 168 1.65 50,2 000~6152
D 345~900™ 0.51~1.56 97~295 1.65 50
E 490 0.85 159 1.65 50, 3 000~6 000
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Table 2 Parameters results of engine at the rated condition

Rl rne FJN O q,/(gls)  p.JMPa  I,.Js
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C 1.647  488.8 158.2 0.856 3153
E 1.647  489.6 158.6 0.854  315.0
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Fig. 3 Engine combustion chamber pressure and combustion chamber efficiency varying with the propellant flow rate (7,=1.65)
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