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Experimental investigation of oxidizer-rich subscale preburner
WU Bao-yuan, GE Li-hu, TAN Yong-hua, LIU Hong-jun

(Shaanxi Engine Design Inst., Xi’ an 710100, China)

Abstract: To make sure that the prebumer could work steadily and dependably when engine’s thrust change at a large range,
and the temperature deviation is small, adopting dual-propellant injector with withdraw chamber and secondary spray, this paper in-
vestigated the combustion character of the oxidizer-rich preburner via high pressure subscale test. The six testers adopted with rectan-
gle and round secondary spray in four different lengths were test. The results show that the best temperature deviation is less or equal
to than 50°C, and the combustion gas stage time must be longer than 10ms, and when the withdraw chamber mixture ratio is less than
20 and 24 at the case of rectangle and round secondary spray respectively, it is possible to avoid low ~ frequency combustion instabili-
ty. The result is valuable for fullscale preburner design.
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Fig.1 Sketch of oxidizer-rich preburner injector
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Fig.2 Relation between the thermocouple and injectors
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Table 1 Parameters of high-pressure subscale testers

Tester No. Symbol 0-0 0-0A-J1 0-0C-J1 0-0A 0-0B 0-0C
Chamber length I/ mm 590 653 310 653 387 310
Throat di d,/mm 2.4 25.8 17.5 25.8 19.6 17.5

LOX flowrate 1f3mul’(kgfs} 3.948 4.7347 2.5203 4.7347 3.24 2.5203

Fuel flowrate 1/3m (egls) 0.0627 0.0893 0.031 | 0.0893 0.045 0.031

Mixture ratio K. 6 53 813 | 53 72 81.3

Stay time T r/ms 10.35 9.36 11.83 9.36 11.17 11.83
Chamber presaure 2./MPa 18 18 16.19 18 18 16.19
LOX pressure drop Ap./MPa 1.9787 2.846 0.8064 2.846 1.3327 0.8064
Fuel pressure drop Ap/MPa 1.3355 2.714 0.3268 2.714 0.6887 0.3268
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Table 2 Survey of high-pressure subscale test
Tester No. 0-0 0-0A 0-0B 0-0C 0-0A-J1 0-0C-J1
Test No. 6 5 1 3 4 2
Total mixture ratio 99 ~47.5 60 ~ 48.5 89~71 91~ 62 65 ~ 51 98~ 77
Test time/s 73 37 52 54 56 53
Mixture ratio of retractive chamber " 30.07-~14.43 | 16.79~13.57 | 25.13~20.05 25.9~17.7 19.6 ~ 15.37 30.5~24
LOX flowrate/ ( kg/s) 14~11.5 13.9~13 11.3~9.9 7~5.1 14.7~13.4 8.4-58
Fuel flowrate/( kg/s) 0.14 ~0.22 0.23~0.27 0.126~0.14 0.11-~0.08 0.22~0.263 0.1~0.07
Chamber pressure/MPa 17.7~19.3 17.1~17.9 19.5~19 13.2~14.3 17.5~18.2 13.7~14.3
Temperature distribution =x75C = +60C = +68°C = % 145C = +50C = 120C

# ; Obtained from the calculation of cool-test after hot-test.

3.3 BEHSKAN

HEAI T A (WS ERE2)1,2,3,4,5 R
TR B E, MK 6 f 8 5] A%EH E2L ik
£, B3R 00HARBIAFBEEME

950

Temperature/C

5858388

Fig.3 Temperature curves of 0-0 tester
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Fig.4 Parameter variation of 0-0 tester
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Table 3 Instability survey of high-pressure subscale test

Test No. Time/s ke mtﬁ:: i “‘r Ap/MPa Ap,/MPa | Frequency/Hz | Amplitude/%
10 81.12 2.91 0.552 1.833 52.6 19.5
1 20 72.63 20.51 0.570 1.650 56.6 13.2
(0-0B) 30 72.15 20.37 0.624 1,680 55.6 13.6
40 71.74 20.26 0.653 1.915 55.6 13.5
9 81.71 25.46 0.280 0.819 37.6 33.9
10 72.88 22.71 0.324 1.047 37.5 3.4
2 1 91.23 28.43 0.179 0.874 37.5 14.1
(0-0C-11) 16 82.83 25.81 0.172 0.872 37.5 8.8
20 78.06 24.33 0.181 0.746 37.9 5.10
50 78.39 24.43 0.179 0.591 44.0 4.17
7 70.43 20.07 0.383 1.104 4.3 30.9
3 13 87.67 24.98 0.190 0.807 38.8 10.5
A 20 77.34 2.04 0.206 0.772 37.7 5.6
z 72.73 20.72 0.217 0.686 37.7 2.5
50 61.64 17.56 0.246 0.49 37.7 2.5
6 64.78 19.52 1.699 2.613 310 2.4
10 63.50 19.14 1.810 2.600 316 2.0
4 7 59.80 18.02 1.977 2.486 333 23
(0-0A-J1) % 56.85 17.13 2.107 2.373 350 2.0
2 53.29 16.06 2.290 2.325 333 2.0
52 51.61 15.55 2.327 2.198 350 1.0
5
it 5.1 59.15 16.56 2.006 2.936 346 1.5
6.5 98.60 29.95 0.683 2.834 51.7 16.3
& 13 85.19 25.88 0.864 2.466 57 3.00
(00) 2 74.05 22.49 1.033 2.208 409 2.40
35 64.73 19.66 1.165 1.960 400 1.60
71 47.51 14.43 1.642 1,608 400 1.00
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