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Study on the Combustion Characteristics of Subscale Liquid
Rocket Combustion Chamber

Jong-Gyu Kim* - Kwang-Jin Lee* - Ju-Young Song* - II-Yoon Moon* - Hwan-Seok Choi*

ABSTRACT

The combustion performances and characteristics of the subscale liquid rocket combustion chamber are
discussed in this paper. Subscale combustion chamber is composed of mixing head, ablative cooling
cylinder, and water cooling nozzle. The mixing head has eighteen coaxial swirl injectors and one center
coaxial swirl injector for ignition. The mixing heads employing the injectors of four different recess
length are considered in this paper. The results of the firing test, comparison of performance, and
characteristics of static and dynamic pressures of the four different mixing heads are described. The

characteristics of combustion at design and off design points are also discussed.
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Fig. 1 Schematic of mixed type coaxial swirl injector
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Table 1 Specification of Subscale combustion Chamber

Chamber Pressure 52.5|bar
Total Mass Flow Rate 6.01|kg/sec
O/F ratio_| 2.77
Combustion C+ Efficiency 95.85|%
Cx | 1685.22|m/sec
Characteristics Length 1500.5|mm
Residence Time 2.2|msec
Pressure Drop through Injector
Fuel 12\bar
Oxdizer - 12{bar
Nozzle Throat Diameter 49.8imm
Nozzle Exit Diameter 105.6/mm
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Table 2 Test condition of design and off-design point

ltem DP | OD1 | OD2 | CD3 | OD4
Pressure [bar] 52.50 |44.60 |44.60 |60.40 {80.40
O/F ratio 2771236 319 319] 236

Total Mass Flow([ka/s]| 6.01| 5.07| 5.27 ) 7.10 | 6.83
LOx[ka/s]| 4.42 | 356 4011 5.41| 480
Kerosene[kg/s]| 1591 151| 1.26| 1.70 | 2.04

Fig. 3 Firing test of subscale combustion chamber

R

=]

3.4

31 7 =de) A8 2t ¥4 (%, 3¢ 2 5

7 e datd S0 AH AWE s
Ak Y dFAez oRojFon, TG 3
Sqolg) 2 £4e g9tk 24 2dd d2AY
2ne 73 2 Y, 5¢ FHeE ¥Wng

oy

RN=06% =9 #1 di7|e HAAH o
°Jf+ ALUYE Figdol depiis, 4 #3149
FHA4E Figsol vdehisich 2AH 71 <@

242 o 53bar7t AP EY, 214 dUE=
¢ oF 65~67barE A 5‘—471 apete of 9~
12barE B Y. F%F2 A7} 437kg/s, 7
7} 1.62kg/s ©1™, O/F Hl= 288 Bt 2A
Ao Z 2dY ¢EFAH FFITHAe =
T Fig4, 59 22 Y E B Table 3°ﬂ =4
2% 447 29 #1588 #4471 AN 2
AAARY &8 2 FF 283 BEA459 @
At Z€ A5 39 Al%’%«l
Tz L}EM%M zt 2l AAN A

HL& 528baro|A] 54.8bard] EXE 1#_0:1—’,‘—
3, O/FRlE 289 @& BAFy o =3 A
Ao e EFEEGL AR 1685m/s B
o ¥& 1700m/s ©149 & HoFzm 9o
gdAFAME At 21 OD1, OD29] %
T Ao & =27 F& FE R 54

?.SZOEHJ[ONE

I
' !

|
LOx manfold pressare [ —

60 H B Fuel rmanifold pressure

50 i & chamber pressure

Pressure [Bara]
-
5

20

|
|
I
]
1
|
|

T
4 € 8 10 12

Time [sec]

Fig. 4 Pressure of #1 model manifolds and chamber
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Fig. 5 Mass flow rate of #1 model propellants
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Table 3 Test resuits of models (design & off-design point)

Test HAAM =
Model| . stion oy | 28 | OF | C [kess]

[baral | [ka/s]
DP [52.81 (599 |2.80 |1701.00
#1 | OD1 |42.67 14.90 |2.28 |1681.99
OD2 14592 |5.24 12.93 11693.39
DP |53.89 |6.17 |2.81 |1707.74
0Dt [44.22 |5.08 |2.38 |1679.78
#2 | OD2 {4565 |5.32 |3.04 |1652.64
0OD3 |59.77 {6.75 |2.76 |1722.21
OD4 |59.14 16.69 |2.12 |1720.48
DP |54.71 |6.02 [2.84 [1755.61
OD1 |44.81 |5.03 |2.34 |1716.05
#3 | OD2 146.88 |5.23 |2.96 |1725.98
0OD3 |60.54 {6.77 |3.59 |1746.64
0OD4 |59.59 |6.63 |{2.43 |1757.76
DP (54,79 |5.97 |2.80 |1755.65
OD1 |44.39 {492 12.34 |1729.64
#4 | OD2 {4599 |5.11 |2.94 |11727.89
0OD3 |62.00 |16.85 |3.19 |1769.81
OD4 |61.69 |6.79 {2.58 |1775.95

&x7t 2do) we} 2o)lg RAFT e o]
R dside Hold dFES FAT T
AME o]&3td AW (FCCl, FCC2), 2FHshAl
YZx- (FOIC), 48 WUEF=(FFIQ)AAY F

Figure 6o Ed #19°] AAIFAe AL
ST AFCCHE Vet ZEHHE AAA
A% ¢ £50psi (3.5bar) °l3e ¥¢H HES
Holx it} ol HFAaLH HEE
oF +6.6%2 FFTFOZ AHFH JA4LAGAP #
JANNAF standard$l +10% ©]3 =& &%
t}3]. HelEl 2 30Hz high pass filteringS # X
W 2 ¥g&e o EEth Figure 72 F3F

Fe=d oF 180HzS AFoE A 9)s}

Bolx etk 180Hz9 A
A7) R A B4, 283 A g
8o o3 Ao g g€

Figure 8ol Z} da7]e] HH, 3hA WU EE,
8 WUE=e FHAHTES &l disivehy
Ak AeNE AdFEHARC] T AFE[%]S

b
‘% i

— 291

Pressure [psi]

L N a @ I3
[=3 Q o (=3 < .
(=] (=] o o o o

IS
8

-600

-800

Time [sec]

Fig. 6 Dynamic pressure of combustion chamber

0

(FCCH1, DP)

w0, ]

{[— Power specirum ot 12.072 sac
9} !
i

—
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency {Hz]

Fig. 7 Frequency characteristic of combustion
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