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Effect of Injector Number on Combustion Characteristics
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Abstract

Combustion characteristics of full-scale gas generators were studied experimentally by
changing the injector number installed at the injector head. Three full-scale gas
generators were utilized; they have same total mass flow rate but mass flow rates per
injector are different. Thirteen, nineteen and thirty seven injectors, which have
internal-mixing and double-swirl characteristics, are distributed in injector heads,
respectively. The results showed that pressure fluctuations in the gas generators with 13
and 19 injectors didn't occur around longitudinal resonant frequency, however
longitudinal-mode pressure fluctuation appeared slightly in the gas generator with 37
injectors. As the number of injectors increased, deviations of temperature distribution in
the combustion chamber decreased gradually, but the damage of injector LOx posts
became a little severe.

=

Ju

AP dlsel AW BAD) 5 uppolslv 48 slaurle da 544 dE
498 478 FARAG. LB FRAE F FAAY FFe oA BAY
ol geAE AEY A7) susk ASEUT 4 ARgeE 134, 194, 37
As x B7Y olF 28 BAL AALAG. ALY A3, 19, 194 $A1E 3
A9 Aemgle G ATl AGHe Aol WANA SRAW, 377 EA)

ul
T 0 LT
AR A2 B3 BEst AU HAT 2V gAFASA AFE 4 A
]
A

1-

T
NE

—[o 0}11

T

= ol

A &
Aol vdetdar gtk EA) 71 S7tEeE dadue] 22 22X AXe HA F
oA A5k, BAF7] LOx poste] £4e F7tste 232 Uit

o}ﬂ_\‘LJ

FIYE + 7E2 A 7 (gas generator), wAF7] < (injector number),
e A& (pressure fluctuation), =% X (temperature distribution)

* 47|49 /kbahn@kari.re.kr # A4 7|d /sxs223@kari.re.kr
w479 /tachyon@kari.re.kr w1 47| /bellstar@kari.re kr
w24 7] | /1kj@kari.re.kr sk ol 4 7] ® /ymhan@kari.re.kr

wewers o 2 7)€ /hschoi@Kari.re.kr



.M B

HAZANA AN HERFZE= Agte] @A
AAE Z=AAE 1goz Aivd ADse o
s £33t HREZE TE37] YA E
Bue 527 A% FRecl gasl Hed,
2799 AT WPons BLA Ao|Z
(expander  cycle), ©AA AL Alo|F
(staged-combustion cycle), 7F&=EAY7] AlolE
(

2 o3 Wy F HYAF, 45, FUA, dx
9 54¢ wel HZ o o] AElEtii].
Zpdty 7] Alel gL 2ol $FuAbA S o
AFAA 2AA 2"l d] AHgE3 glon2],
SFAFdeld FeDdxE FIA
|02 HEHPZE o|§3l= 0EF A
of AMHEE ZhAEAVE AEsta Aok
[3-6]. 7h=EAVE dRbH o R dAiv|e e

gas generator cycle) 5°] UlZEAo|t}. gubH o
=

Al

L3, ALAVMAE
&J3}7]

N

7h2=k A 7] 9 3
AdaAlde] AeHor FPHUA
g 7T AN AR A F 7t
A AL AVIEASH 3 A7 LOx
post®] £ FAI[4], e e A4 HRA
FA B3 Aolth5-6]. o] F 7kA FAE §
Aast7] 98 EAH719] AlZ (RN, recess
number), FAHF &, dol/A%, 1
1 (turbulence ring) &2 59 A7) € Ax
A A WS Y6t
2 =xdAe oy A %!
A7 FEEHE & FAAY FES 2H B
A7l El=el wxE EA1S g7 1

(@)Y
&~

f
R R P o)
o 10 ot Fr ofo

ol
T
rr

=5

AL 201 ME 22 g dT] AEY

Az BAZ o] BE NEY H247] 3
Fo] N A2A Y AFHE v/ A A

—

2. 7t ga A AE=EA

b kA7) Rl
LOx post &4 =0]7] 93] 2lAl2 71 1
o 2 R £3F ol =¥ A7 A8
ATH4]. Table 19149} Zo], 7=l 7]o] Bl X)
He BAY F7F SRS EA)9] gAls
T E FUtete] A&tk ole BAM] 7Y
S7HEFE BAG S 2717 FepARg
LOx post®] &4o] Alzbefd 4= S17] W&o 2
Az FE F7HNA ol WASE
HEAIF AMEE A=d 7ty 7)Y da
Z

A AdyirE A4 107 mm, Z2°] 125 mme

Zhb 7] g AAT|er sdskAl <1719
25 Fol 15% HelolA wsing o3
el Wl ZhaA 7)o AEd B Aol
wwolop gitie]. 7t 7Ie] AAFH(DP,
design point) #rF  oflzt  GAHAFH(OD,
off-design point) 53] 19}, i O/F HldA=
ST2E7F w71 w2l 7R 7] AA F

B
f}%‘& oldzl HWl EFl=g &4AZ ;
A7l vl HE FeS Golosity. g4
AL 7= 7] AAR A48 9 O/F Hl 7
FOF + 15%5 AAstY Table 29} Zo] =&
3Tk

Korea Aerospace Research Institute = 129



I(/I\RI

——
371z Hed M1z

0ot
OH

Table 1. Injector head configuration of full-scale
gas generators

7p2 A 7] - FAL]

g =5 ARz - RN
GG#1 13 1.6
GG#2 19 2.0
GG#3 37 27

Table 2. Test conditions
Ttem DP | OD1 | OD2 | OD3 | OD4 | OD5 | OD6 | OD7 | OD8

O/F Ratio | 032 | 027 | 0.37 | 037 | 0.27 | 0.27 | 0.32 | 0.37 | 0.32

Total 578 | 491 | 491 | 665 | 665 | 578 | 491 | 578 | 6.65
Press. [MPa]
Total
900 | 827 | 974 | 974 | 827 | 827 | 901 | 974 | 901
Temp. [K]
Mass Flow 1 10 | 425 | 334 | 452 | 576 | 5.00 | 374 | 3.93 | 506
Rate [kg/s]
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Fig. 1 Sensor position installed in the gas
generator
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(@) pressure of manifold and chamber

(b) flow rate of kerosene

(c) flow rate of LOx

Fig. 2 Hot-firing data obtained from GG#1
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Fig. 3 Temperature distribution of firing gas in the
GG#1 chamber
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Fig. 4 RMS values and power spectrum data of
pressure fluctuation in the GG#1 chamber
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Fig. 5 Temperature distribution of firing gas at the
GG#2 chamber
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pressure fluctuation in the GG#2 chamber
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Fig. 7 Pressure of manifold and chamber, and
temperature distribution of firing gas at
the GG#3 chamber
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Fig. 8 RMS values and power spectrum data of
pressure fluctuation in the GG#3 chamber
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Table 3. Comparison of hot-firing data using 3 different full-scale gas generators

7P Bd \ GG#1 \ GG#2 GG#3
AAA DP
A& &&= AAKK) 75.9 74.5 67.7
Aoy g A5 (bar) 1.02 0.61 0.41
Aast 71E 48 AE5(%) 1.93 1.08 0.84
24743 OD5, GG#3& uHke A%

ALY &&= HAAKK) 64.1 429 105.3
Ao ¢g A5 (bar) 0.76 1.02 0.47
A4S 71F e AE(%) 1.55 1.86 0.87

24743 OD8

Aady £5 AAK) 618
A2y 9 A5 (bar) 114
Axst 71E FH HE(%) 2.02
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