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Abstract: To investigate the effects of the body local gas leakage on the engine performance and structure,,
and to provide a basis for the analysis of in—orbit fault problem, the effects of the leakage hole in the expansion
section of the nozzle are studied by using the 490N engine in the simulated vacuum environment, and the effects
of the leakage hole in the body of the combustion chamber are studied by the 490N engine in the atmospheric en-
vironment. The expansion of the leakage hole, the vacuum thrust and combustion chamber pressure of the engine
are obtained through the experiment. The experimental results show that when the throat of the 490N engine has a

leakage hole, the engine combustion chamber pressure will decrease by 6.9%, and the ratio of the upper leakage
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hole area of the throat to the area of the throat is 6.3%, which is equivalent to the value. The engine combustion

chamber pressure does not fluctuate significantly, and the engine can still generate thrust continuously. There is

basically no change in the leakage hole along the circumferential direction, and the expansion rate along the axis

yearning downstream of the throat direction first increases and then decreases, which are 0, 0.588, 0.142 and

0.067mm/s , respectively. When the body of the 490N engine scaling part has a leakage hole with an area of

0.93% at the position where the area ratio is 14, the thrust output of the engine remains stable for a period of

time. The leakage hole area ratio is equivalent to 0.95% of the thrust reduction after the leakage, and the leakage

hole hardly expands. The experiment results effectively verify that when the body of the 490N engine in orbit had

a leakage hole with an area of 3.2%, the engine thrust could be maintained within 643s and reduce by 3% com-

pared to the thrust in the leak—free hole state.
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Fig. 2 Installation status of 490N engine on ground test

stand

Table 1 Experimental condition of ground firing test

Procedure/s Gl Do "
60 1.06 1.65+0.03
17 1.06 1.65+0.03
600 1 1.65+0.03
300 1 1.65+0.03
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Table 2 Experimental condition of high-altitude simulation

test
Procedure/s Condition of engine 4ol Qe T
500 A 1 1.65+0.03
2000 A 1 1.65+0.03
643 B 1 1.65+0.03
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Fig. 3 Experimental process of 490N engine on ground test

stand
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Fig. 4 Extension of leakage hole

Table 3 Axial length variation of leakage hole

Measuring time/s l/mm (Ue)/(mm/s)
0 5 0.000
60 5 0.000
17 15 0.588
600 100 0.142
300 120 0.067
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Table 4 Distribution of scale-reduced 490N engine working

parameters
Procedure/s Gl G . p./kPa
60 1.06 1.622 848
17 1.06 1.627 844
600 1.00 1.655 799
300 1.00 1.656 798
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Fig.7 Experimental process of scale-reduced 490N engine

during high-altitude simulation hot fire test
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Table 5 Experimental results of high-altitude simulation
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