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COMBUSTION INSTABILITY PROBLEMS
IN LOX-KEROSENE ROCKET ENGINES

Sun Jingliang Zhang Baojiong

(Shanghai Academy of Spaceflight Technology, Shanghai, 200000)

Abstract: The phenomena and the solution of the combustion instability in the
American F-1 engine and the Russian RD-0110 engine are presented. The combustion
instability problems encountered in the LOX-kerosene rocket engines are summarized
mostly.
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Table 1 Design attributes of three baseline injectors

a b c
Injector pattern
* Fuel element type Doublet Doublet Doublet
-Impingement half-angle, deg 20 20 20
-Orifice diameter, mm 3.06 4.04 2.79
-Orifice spacing, mm 10. 6 10.6 10. 6
» Oxidizer element type Triplet Triplet Triplet
-Impingement half-angle, deg 20 20 20
-Orifice diameter, mm 4.04 4.32 3.28
-Orifice spacing, mm 10. 6 10. 6 10. 6
Baffle pattern
* Number of compartments _— 13 13
* Length, cm — 7.62 7.62
Nominal injection conditions:
+ Fuel injection velocity, m/s 51.0 46. 2 49.9
* Fuel-side pressure drop, kPa N/A N/A N/A
« Oxidizer injection velocity, m/s 46. 2 49.1 47.0
« Oxidizer-side pressure drop, kPa N/A N/A N/A
+ Fraction of fuel used as film coolant, % 10. 7 9.6 6.2
* Fraction total outer fuel ring flow, % 100 100 100
Stability characteristics:
* Mode of instability 1T 1T 1T
« Frequency of oscillation, Hz 538 460 454
* Amplitude, % pohamber 150 65 400
Stability rating
+ Number of tests 15 39 7
+ Average dﬁmp time, ms oo oo oo
Performance
* Characteristic velocity efficiency, % 94. 6 93.1 N/A
« Specific impulse, N « s/kg 2385 2475 N/A
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Table 2 Characteristic comparsion of various development phase injector

PFRT FRT* Flight qualification *
Injector pattern:

* Fuel element type Doublet Doublet Doublet
-Impingement half-angle, deg 20. 15 15
-Orifice diameter, mm 5.79 7.14 7.14
-Orifice spacing, mm 10. 6 10. 6 10. 6

» Oxidizer element type Triplet Doublet Doublet
-Impingement half-angle, deg 20 20 20
-Orifice diameter, mm 4.70 6.15 6.15
-Orifice spacing, mm 10. 6 10. 6 10. 6

Nominal injection conditions:

* Fuel injection velocity, m/s 23.2 17.1 17.1

* Fuel-side pressure drop, kPa 1975 655 655

« Oxidizer injection velocity, m/s 46.6 40.5 40.5

= Oxidizer-side pressure drop, kPa 2424 2151 2152

+ Fraction of fuel used as film coolant, % 10.9 4.6 3.2

* Fraction of total outer fuel ring flow, % 100 70 70

Stability rating

» Number of tests 5 7 11

+ Average damp time, ms 108 46

Performance:

* Characteristic velocity efficiency, % 91.5 93.76 93. 83

* Specific impulse, N « s/kg 2515 2594 2603

* Impingement half-angle (I. A.) and diameter of orifices directly adjacent to radial baffles were 28. 2 degrees and 6. 35mm
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Fig. 2 Damping characteristics exhibited by uniplanar
(unit X007) and biplanar (unit 083) impingement in jectors
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Table 3 Effect of orifice element modifications in highly confined
regions on damping characteristics of modified 5U injectors

Modification No. test %% No. tests Damp time, ms
Unmodification 69 93.0 39 42
i 6 94.5 5 47
g 13 93.6 6 48
f 4 93. 6 0 -
h 6 92.9 4 39
) 5 92.1 3 34
b 7 90.5 5 27
d 7 90. 2 5 30
a 23 90. 2 17 34
c 10 90.0 9 41
e 7 89.8 5 26
a-57 ring were eliminated g-57 ring and-59 ring were 2. 64mm and 7. 49mm respectively
b-57 ring and-59 rings were eliminated h-57 ring and-59 ring were 3. 73mm and 5. 05mm respectively

¢-57 ring and-59 ring were 2. 64mm and 2. 79mm respectively i-57 ring and-59 ring were 5. 97mm and 5. 05mm respectively
d-57 ring and-59 ring were 2. 64mm and 4. 09mm respectively j-57 ring and-59 ring were replaced with nozzle buttons that
e-57 ring and-59 ring were 2. 64mm and 5. 05mm respectively had 38. 5 and 30. 7 degree divergence angles respectively
f-57 ring and-59 ring were 2. 64mm and 7. 14mm respectively
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Fig. 5 Scheme of atomizers lay-out at the injectors

a-91 centrifugal atomizers b-91 spray atomizers c-78 centrifugal and 13 spray atomizers
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