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Combustion Performance Tests of Sub-scale
Combustor for Liquid Rocket Engine

Yeoung-Min Han* - Seung-Han Kim* - Seonghyeon Seo* - I-Yoon Moon* - Woo-Seok Seol* -
Gwang-Rae Cho**

ABSTRACT

The critical component of combustor having high combustion efficiency for high performance
liquid rocket engine is injector. The results of design and hot firing tests of six sub-scale
combustors which have respectively an impinging type injector(lea.), an bi-propellant swirl closed
injector(lea.), and bi-propellant swirl mixed injector(4ea.) were described in this paper. The
combustion test were successfully performed. The combustion efficiency have higher value than
predicted value and high frequency combustion instability does not occur.
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Table 1 Design specifications of injectors

QA47] Bnoz &7
No# |EAH71 BB RN | 1 5 er's) | (O/F)mm

EM#L | 9+ F-(mixed)| 06 | 65°/120° 4.1/81
EM#2 |¢}F(mixed)| 1.0 | 65°/120° 4.1/8.1
EM#3 | 9F(mixed)| 1.5 | 65°/120° 41/81
EM#4 | $HH(mixed)| 20 | 65°/120° 4.1/81
EM#5 = OFO| 25%(Z&Zh | 21/19
EM#6 | 2F(closed)| 20 | 65°/120° 41/81

(a)EFRUZ) (b)"iﬁ(ld‘—) (c)‘;}?:l”é(l%)
Fig. 1 Photo of injectors
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Table 2 Design specifications of
sub-scale combustor

Chamber Pressure 5.25 |MPa
Stagnation Pressure 5.20 [MPa
Total Flow Rate | 6.01 |kg/sec
Fuel Flow Rate l 1.59 |kg/sec
Oxidizer Flow Rate 4.42 |kg/sec
Q/F ratio l 2.77
Combustion C* Efficiency 95.85 |%
Cx I 1685.22 |m/sec
Chacteristics Length 1500.50 jmm
Residence time | 2.20 imsec
Pressure Drop through Injector
IFuel 1.20 |MPa
|oxidizer 1.20 [MPa
Nozzle Throat Diameter 49.80 imm
Contration Ratio ] 4.70
Chamber Diameter 108.01 {mm
Length of cylinderical part 318.12 imm
Length of contraction part 60.43 {mm
Contraction Anglel 30.00 |deg
Combustion Gas Temperatu 3648.00 (K
Molecular Weight l 23.69
Specific Heat Ratio 1.17
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Fig. 2 Injector head drawing of
sub-scale combustor

(e) EM#5 (f) EM#6

Fig. 3 Photos of injector face plate
(EM#1 ~ EMH#6)

(a) HEA dAHF (b) 294 =%

Fig. 4 Parts of sub-scale combustor
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Fig. 5 Sub-scale combustor
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Fig. 6 Photos of injector face plate after hot
firing tests (EM#1 ~ EM#6)
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Fig. 7 Parts of sub-scale combustor after tests
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Fig. 8 Manifold & chamber pressure (EM#4)
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Table 3 Test results(steady state, at DP)

AuHs 08-32 | 26-110 | 31-115 | 20-104 | 28-113 | 23-107
828 HAJ| No# #1 #2 3 4 #5 36
LOX7H34 2t (bara) 86.6¢ | B7.02 | 8695 | @n42 | An17 | 87.45

A MU B =U(bara) | 64.39 | 64.50 | 6624 | G674 | 64.26 | 66.66
& #7428 (bara) 9273 | 9221 | 9214 | 9276 | 91.81 | 9275
HEHUZ=(bara) | 61.85 63.63 | 6652 | G%.11 | 6357 | €8.93
ALUY =& (bara) | 5235 53.27 | 5419 | 5372 | 5495 | 54.45
B W B Bbara) | W60 | 5250 | 9386 | 5336 | BAGE | 8408

ASHH 7 & (ka/s) 4.43 4.43 4.4 4.33 4.41 4.38

HE RV ka/s) 151 .57 1,57 1.57 1.57 1.57
T 2Fka/s) 6.00 6.00 5.98 5.50 598 5.95
O/F ratio 2.81 282 2.60 27 2.80 279

&+ conectad (m/s) 168927 | 1709.85 | 1743.90 | y758.42 | 177148 | 1756.18

Combustor : Design Point
1800
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1600

0 1 2 3 4 5 6 7
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Fig. 9 Characteristics velocity of combustor
Fig. 1001 94470 24 wUZ= 7
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Fig. 11 Pressure fluctuation of combustor
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