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ABSTRACT

In this paper, development and acceptance test results of 75-tonf class liquid rocket engine gas
generators are described. Up to now, more than 330 times and cumulative time of 7,000 seconds
gas generator autonomous tests have been carried out with 44 gas generator models. Through the
tests it was verified that 75 tonf gas generator shows very reliable and reproducible
characteristics in terms of chamber pressure, combustion efficiency, pressure loss, combustion
stability, burnt gas temperature, and etc. 5 gas generators which are the last series of 75 tonf gas
generator for the Korea Space Launch Vehicle II, will be manufactured until end of 2019 and

their acceptance tests will be executed at the first half of 2020.
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Fig. 1 75 tonf—class liquid rocket engine and 1st stage
propulsion system of KSLV-II[1].
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Fig. 2 Appearances of 75 tonf gas generators
corresponding to each development stage.
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Table 1. Specification of 75-tonf gas generator.

Spec. Value
Chamber Pressure 6.05 MPa
Total Propellant Flow Rate 10.3 kg/s
Brunt Gas Temperature 900 K + 70 K
Weight <112 kg




M24A HN4S 2020. 8.

EZ 7t LAY H FEAIE g 57

(Z off
E—r‘
& |y
£nli‘~

ox
Li
4 >
N o
_%Lu
Lr&
3&
o 2
H-u)l
o M
B oo
SR
% of
£r}om i

7t *&W@P_E e =7l A TH27-2

-
®
-
oXx

SR
o Kl o o2 I me 4 o oW o

, g 2A9 AEH R AT Bl
ol AEE AxAE WAshE A4
= Aesteok

5EF ZhamalE AA-AA FHA
& 2ol £ 9 vlYs 51

SN o ox dd
e
>
)
22
2
>
oL o
o
fu
rO
<t
o
a3
o offf ofN mH %2

£

l

E_l
m
>

N

rO Of
Do o r1r r
o,
9
o |
2
2
o
HU
_i
_1
o
off
Ay
M o
u
ot oX

A7) A3}71(Gas Generator Ignitor, GGI)7} 3l
H R 73}731'5] T Ae :rLZO]‘:]'

Ll 2=
fx0 7UA zj%% 9% %%‘H%#(Fig. 4)

X (Fig. 5)°]

-
N o
iy
N
N,
i
o
o]}l
tlo
Ao
e
-LJ
?

3351911:}[30].

TAZIHA A YEhE A §%F #HxeE
s, A8t 22 22%, 0.9%°1™, AkakA) 2k
T F%9 %o vUeve 38 Axe
o) 1.9%% JERGTH30]. ©] &g #Ax=
Aol ex BxE Ay 11 K WAsANZ &
o8 F79 2xHA a7xEAd &Y
170 KS 83 B=s= 7o\,

|
TFEANE FHAN 2 FHE T4 2

il

focs OH
frorle B ﬁ& e rL

_O|L

&
S 245, 283 2AE 71EFe 53 4 A
st g4 AATE o] Fo

Combustion Chamber

Lox Inlet

b,

Gas Outlet '

Fig. 4 Propellant mass distribution analysis in front of
the injector face plate.

leﬂ|jljlwl_

Seseanive coing el « manifold and face plste

] R

Fig. 5 Structural analysis on 75 tonf gas generator.

22 NPT

Jh2mA 7] ApolZ ZANFNA T
o dge FIAE ALAA HEFEZ ERIE
T&3he Zol7] Wil dukAl AS ERlx
Zo|A A4 (choking)o] HAgT. A= Jpd
71l Aaze JtdAr] g HY =E5E X
& BHYI=SZd9E g9 dA gyl
ol ZhaA] ARAEES B3 ARHA A
5 A7) HEME HYU=EHAEHE 2§
Aol RtEA] 3 g st

olggt dagellx Bt A ATzl

(

Hd

o

Nl



AA BRPZ BEFS AEste AL A H
| SHA e FEdolm, A HAA A
4 H e AesE FHNAME HHIA] &t

weta] ZhaA 7] AARS BAEEY] 913
3057 A7 JtEmAyy] Adeds ENx=EZEd
Elo] ZolE BAE 4 dv A ##s o&
FRATH29]. AR, ER=ZAAE dFolA
2709 2R TﬂHﬂ o8 e ER=E
53 MEHe 5A4S AUE wgsee
3ol AT
ol ®mesly] fd 75EF 7t r] DM
W)= Fastrac A7 7h2dA8 7] LA F[32]
I FASHA AA ERI=ESZYE Y R ¥
o] TY& AFES At AEEHAL, WFE K
T Zol ¥ xZo AUiFd XE FYIA
gE BAPA = 0] &5 TH14,16,21,23,24].

DM 63+ A4l @ EDM 42} AAZEE AR
711‘%/\1fﬂ % 3Ry fHU=EZAEE o] 43}

2N Y-S FYsA 8] Fig 62 75EF 7t
%*371 Mz dAEE AHEE ERIxEE
Z4E, HRl=EZ49y AR 2 ddxAx
FAH APSs A8 st 9 A 2F
Zof AXE Polnt.

758" 7hIA7] RN EAA E St
F8% A¥ FAHQAE dartx Ay AAA
o FZA AA fr7Fe] 10 kg/s ool A=
A4 A4 F AEE

= =
[<] .
avbat A A B B bsHS

of

¢ to o

m]N

A R EmE By FNM AR AALNTNA
gl YES WRAA 8

QAW B BAS] ArHA @E 24

£ gae A=sghel. o
BT PA9Sl FuSA 2 slo2 wa
£ 77k

/! W >
}I'uﬂihe No: I¢ Collector %‘htorﬂ

Fig. 6 Turbine nozzle collectors, its simulators, and
single choking nozzle wused through @gas
generator development test.

Noise Suppression System

Fig. 7 After burning system in test facilities for the
75tGG fiing test, (top) leased test facility,
(bottom) dedicated test facility in Goheung.

A

°o]% DM¥ EDM Ald HFAHNAME F
2le] FAL A7) Auld TAFHAL, 75E

oz

s



X243 HN4Z 2020. 8. TSEZ 7tALMY| JHLAIE

59

B3 7tala] daA
g5lo] Mzt ol
3l Aol o Foitt.

3.1 MEAE o]y g AFFd

75w ZF=EAzlol disiA 199 11€74A
b=z GFel s & 3393, FAAZE
7,024% AaAFol FYPHAU, AZNA2H ol A
ZpEAA 7 7E AR A2 tEF 1303, 13,000
zoltt. MM FHE NEAF 9
AE olge d 99 E Yt Uth(Fig. 8). 1
of g ®AE Y d=ol FIT AP 3F
2 Aztelm, AL e FHE AY 3ot A
Zrolth,

Fig. 84 AR ute} o] TDM TAIQ! 13
WA A@3FE B2 A
LA A(DM) AFTAR HolE
A7) ANFANTE E3E BAAe
7] AR 159 REH AP 3l 8l AR
Z7 et th 18 Al ARAI(TLV) AL o]
T 9E5E A% FHANET FYH AP3F
g AZEe] F7HEo] Sl e

ZAAN FAF] TtV AARAE

FOoR JAMIQ} Azl A ] s %4}% =1l

ZEgdol A ZEstodof

¢t} Fig. 9+ DM, EDM AlAlol| tigk 7%
4 FEAFPNA FhE e s

o
|

N,

A&
gL S N 7=m
2 BNT AoE RS ARSHS 44 34
ZZ(nominal condition)o.2 F-x-dstd F
TRl et Aoy s dent
Axoz mAY 379 A3

oBL
of
18
rlo
)
.
i3

A7) Aol Wew BEAY o, A D W
AR A Theta7) A5G S 2z ek
o ki) ARARe wEAY 99e =
Fobe 2ok o We =delM FAHdon, d
a3 TS J1Eo da A% sx
WY AEYee FA2AL NFOR U

+30%°l sl gE .

09 M0 M1 M2 M3 14 15 16 7 '18 ‘19

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

Annual histories of
conducted
development and acceptance test.

33| 350

09 M0 11 M2 '3 4 15 16 M7 ‘18 19

test time and number of

generator

Normalized Chamber Pressure

® : Norminal

Condition

N

bope 2 S
—_

o=

o fo ox g M rlo
fAr b

(
o

4

2 o oX

1.0
Normalized O/F Ratio

1.3 1.4

Fig. 9 Normalized operating ranges by the rated
condition of the 75tGG in terms of chamber
pressure and propellant mixture ratio.



o
n
1o

60 Uz - Y2 -

uu
et
HY
I

N
opt

C AN HIRIBYX

14

1.2

1.0

0.8 bd

Normalized Chamber Pressure

0.6

0.6 0.8 1.0 1.2 14
Normalized Correlation Parameter

Fig. 10 Combustion pressure in terms of correlation
parameter product of oxidizer mass flow rate
and propellant mixture ratio.

T AEAIl ARe] EFNIE AhetEe I
< 74 Foh

Eq. 12 °l8% FE<
AbsAl fEE £ 2Fo
o] o=z FArdslate] A AR AHeolH, Fig. 10
2 Zt A HolEE Eq. 1%
W Zlo|th. Eq. 194 RZ=7
Fozul AIYE TSR A
Ve RE, 4503] o]de] A | AlE Hlo]E e
Al FYd AskA P A SRl mE
A4A g Holrt HES| e

3 AFRE BAE7] 98] ALTbs 2
Aete EF0E F7kE

< YehE A% gel (OF UdehlE e &
FHl ol B2 2% =g P § Y
Hel o the Aot

-0.13
Py‘r] = My, X(O/F) (1)
ng - ng/waade
Moy = Moy /mzmm,ed

O/F = (O/F)/(O/F), 100

25 ool WS A2

2 33
Wasl gAsA 4L Aol A4 8

a

I
N

[y
HN
o

o
©

Normalized Charateristic Velocity
n
o
o
8
98P oo
°

©
®

0.7

0.7 0.8 0.9 1.0 1.1 1.2 1.3
Normalized O/F ratio

Fig. 11 Characteristic velocity in terms of propellant
mixture ratio (Oxidizer over Fuel).

oA Aartz L% 45 WE Aartx D F
T Ame] $u) PP wste] HuxF 49
Hol e w2 47 Z7 o 2A e

£ & % (characteristic velocity)
2 247 FAdsste] 23@E
o RS Py E

=
=
&Fol FopAx

fo g
YO bl N

:‘—L om
(ol
o



M24A HN4S 2020. 8.

TSEZ ALY LAY X SEAIE E2

-

61

1.3

1.2 |

(]
]
3
> 11 | °
g 0. o® o
g e °
g 00 oo g%
E o O
a ®52%,
-
) 0.9 |

Nor

0.8 |

0.7

0.7 0.8 0.9 1.0 11 1.2 13
Normalized O/F ratio

Fig. 12 Burnt gas temperature in terms of propellant
mixture ratio.

e =Zelt). Fig. 129 &3ve}
= ABASF 0979 =2 AEA
g EZ3uelA YEeRd

Al £2.0% oHE S
HY =22 9 H(TNQ) =
AA EHEl EBHeols d5AS AaA77] Hs
A ZERlEojol & F23k HolHEA 75E
A7l aFFd el A 29%9 %
HAE JeEhH, Q28 10% ol FS UE
W Th(Fig. 13).

12 e

Fig. 139] 9oz 2t AEA PN =
HE HoE HZo| o AT Y APAH
ojtt. -Z9o HukR A FA¥
=4 delgs AAES AE 35 A e
25 AlA 9 wkgd Ayt dlew
o o]F AdelA s AAZE WEE o
A A

ol wASE Waow

100% KSLV-Il Requirement

%
=]
R

Y
S
B

&
[}
B
T

Normalized Burnt Gas Temp. Difference
N
(=}
X

0%

Fig. 13 Spatial temperature deviations in turbine
nozzle collector.

ol slgshs £70 K 21 A g5

(68
a1
a
)
b
i

)
T o=
e o

TF22dAy 7] 5
A 758 A ZADKANAE BHESF
FEHE A A A5 FAE NE
s shzy] YRE EAEHA "t
o AEgEAA TS 4

9l ol glojoket

2 A

M > ot
i ol

frd

O do |W o

Z1A) 2] fr
gurgoz AA
HA7r & <

AL AFF FACE vlEo] AEAA] A=
Jel 2 #W A7) Tl webA AR =7 o
ol AR AREE HSE F dE T8 ol
B o]t}

Fig. 145 7h22A7] F547d EA7]NA
Ay shE 4kskA 9l dse A A4S F
Al frFol sl 2z Fardsiste] JERd 2o
2 FY3 AR A" 27719 st
&k 1733] 9] A @A 3 d3het.

ANGolA et 98 e Aol wgt A
o TY3 AFAE YehiARE AFskAl AkS FH
o 6% Apol7t WAYEATE 6%l AolE E

A AAE Q2T A7) 2 FAAD



= h=2 1= = = 3 s Sk
62 Uz - P2Y| - YSY - YHZT - UDF - BN pIRITX
2.0 14
o
% £ 1.35% © o
§ 16 [ . % 12 ©
- + 3
- a o %
3 n p e} Qw@
g P £
& i <
Q 12 | S 10 (@@ 3.48%
8 : 3 (@)
] &
9 o = 5.31%
__: # # E @15@
g At 2os | W o .
= os | oo W : Fuel O O 454%
E W  Oxidi
£ L A +: Oxidizer
z
0.6
0.4 0.7 0.9 1.1 13
0.6 0.8 1.0 1.2 1.4 Normalized O/F Ratio

Normalized Propellant Flow Rate

Fig. 14 Pressure losses through oxidizer and fuel
injectors in terms of the propellant flow rate.

(15152)0] AeiHoz 21 AAols, E£F F4
A AbshAl Ak WAL TA dends = o
2 AAE AAZ gEAT ARAT FAA
7bo] At om 71 AAl Aol Ao g
AT &, ALAH ARG SolUEA F
% 2A7le B4Rl XS, AR &
ol e ekl BA77 Aol G wo
WA Agte]l AXE WEoR W] oFolx
Aoz wuE.

NG Aol gea s Aste] wA 2
7@ 27 AAE Ased ssAs dm B
7 Ate AA goglel FAP FFEAol
A 2% olulel WAE JEE Aol AN
. webd 75EF Thamale] AR Aage

AT & 5 QA

2

Fig. 15 7F22A7] 12AE F A4
A s hEgAds 2718 Hrkskr] AR
ZEAE deo A AVl 44 AE
O oz dastdgoes Fardstd
s A A7) (dEAsH)olth
4 7= dad 48459 root mean
square(RMS) #2 33 A8 daggo=r vUsw
HOE, AR TAE d9 AVe A" AE
2104 Astd dHASHIE UEE, &

,d
o N 2
o

oA

B0

Fig. 15 Pressure perturbation results: relative circle
diameters represent the normalized RMS
value of each test condition.

Agel EAEHsh AiAe st bt

Hewaye A dHAENE A 53%F
£ 2% wele aHyE

Z201 4 gHeAl

N

N

[

i

ox

N

2

>

re

B

A
ST
o
N

flo
P
flo
o
ot

)

#(5.03 MPa) A2 A
S ougth, 2kskA] QA St

B

ol

£

N,

[*]

9

off

_0|L

2N

o 2 o e X

=
7b o, =3 AR g

AelA At AdEo] EA

o Ao

N
< H

o

75EH AT APEE AstA dAGE
tiHl 87.8% AaAHAA FAFHALH, tHAY
T AFE o AFet A A =0l
S7bska, 9l S7tel Wt Srtshe AdE
et T stA R, 54 Fuk Adsol AsiA
LAY ALEE @4 dEA guTh
wM AEddelM AF7 vhet o] 75EF 7F
2TA7IE WG 28 B Y W 259



M24A HN4S 2020. 8.

=T JHASAT| YA U S2HA|

o9

Z2 63

4.2 B
FFEFATLL 20109 FE AE8T
AHAE ety AR = EAR ALY
(KSLV-I)& A&sta glom, 20189 11¥8 75
7 AAZANY HASES A% AFTAA vY
A& (Flight Test)& <33ttt BIPA T A%
Hollom, 2021 39+ FZFLAA ] H] Y

rol
Al

o

AR g8l 19 2 el UlE w AFAY o
=9 W42 Adsn Ao
B oERe @RyuAAel AgsHE 7B5EF

A7) e] NEAE B FEAE @ﬂr—a— 3
23k Zlolm, dA7ZA JNEAA 87] B Axd
FAA 2971 g /\1@3 —r?fﬂo}i’&‘:} el

47 AR @ g e B

4, A% R4 Fol UF AFe] FEF
olgom A % Aol UF AV
%Ak,

F5 FHPUAAGOR e AR
5719 FerA@ol Aol U, FEY han
At EFE AAADGE T got Ak 5

l
B% A0 ASHE AsBAAS B,
J

Nl A FeE AES @
+ slen], 2o1de] Add
YAPl TP + At

%7} s,

References

1. https://www kari.re.kr/kslvii
2. Park, SYY., Moon, Y. Choi, H.S. Choi,
CH.,, Han, S, Han, Y. and Kim, ].

“Development status of booster stage

liquid rocket engine of KSLV-II program,”
70" International Astronautical Congress
2019, TAC-19.C4.1.5, 2019

. Jin, SB, J. Y, H H, J. Kim, and Ko, ]J.

“Development of KSLV-II and flight test of
its one staged test vehicle employing
newly developed main engine(KRE-75),”
70" International Astronautical Congress 2019,
IAC-19.D2.IP.1, 2019.

. Choi, HS.,, Seo, S.,, Kim, Y.M. and Cho,

G.R,, “Development of 30-tonf lox/kerosene
rocket engine combustion devices(Il) - gas
generator,” Journal of the Korean Society for
Aeronautical and Space Sciences, Vol. 37,
Issue 10, pp. 1038-1047, 20009.

. Seo, S.,, Han, Y.M., Choi, H.S.,, Kim, Y.M.

and Cho, G.R. “Fuel-rich gas generator
development for a lox/kerosene space
rocket engine,” 60th International Astronautical

Congress, Deajeon, Korea, Oct. 2009.

. Ahn, K,, Seo, S., Kim, M., Lim, B., Kim, J.,

Lee, KJ, Han, YM. and Choi, H.S,
“Hot-firing test of technology
demonstration model gas generator for 75
tonf-class liquid rocket engine,” Proceeding
of the Korean Society of Propulsion Emngineers

2009 Fall Conference, pp. 225-230, 2009.

. Kim, M., Lim, B, Kang, D., Ahn, K, Kim,

J. and Choi, HS. “Hot-firing tests of
afterburing device for a gas generator,”
Proceeding of the Korean Society of Propulsion
Engineers 2011 Spring Conference, 2011.

. Kim, M., Lim, B,, Kang, D., Ahn, K, Kim,

J. and Choi, H.S., “Effect of injector shape
Variation on combustion performance of a
subscale gas generator,” Proceeding of the
Korean Society of Propulsion Engineers 2012
Spring Conference, 2012.

. Lim, B, Kim, M., Kang, D. and Choi, H.S,,

“Conceptual design and manufacturing

scheme for 7 tonf class rocket engine,”



64

Y - Y| - YsH

S YEE - UBF - BN RN

10.

11.

12.

13.

14.

15.

16.

Proceeding of the Korean Society of Propulsion
Engineers 2012 Spring Conference, 2012.

Lim, B., Kim, HJ., Kim, M., Kim, J. and
Choi, H.S.,, “Combustion tests for the gas
generator of a 7 tonf-class liquid rocket
engine using industrial flow control
valves,” Proceeding of the Korean Society of
Propulsion Engineers 2013  Fall
2013.

Kim, HJ., Lim, B. and Choi, H.S., “Test

facility improvement for hot firing test of

Conference,

a 7-tonf gas generator,” Proceeding of the
Korean Society of Propulsion Engineers 2013
Fall Conference, 2013.

Lim, B, Kim, M., Kim, HJ, Kang, D,
Kim, J. and Choi, H.S., “Combustion Tests
of the Gas Generator Development Models
of a 75 tonf-class Liquid Rocket Engine,”
Proceeding of the Korean Society of Propulsion
Engineers 2014 Spring Conference, 2014.

Kim, M., Lim, B., Kim, J. and Choi, HS,,
“Effect  of

combustion

combustion  instability on

gas
generator,” Proceeding of the Korean Society

performance of a

of Propulsion Engineers 2014 Fall Conference,
2014.

Lim, B, Kim, M., Kim, J. and Choi, HS.,,
“Hot firing tests of gas generator for
liquid rocket engine wusing a turbine

manifold simulator,” Journal of the Korean
Society of Propulsion Engineers, Vol. 19, No.
5, pp. 22-30, 2015.

Kim, M., Lim, B., Kim, J. and Choi, HS,,
“Current development status of 7-tonf
liquid rocket engine gas generator for
KSLV-IL,” Proceeding of the Korean Society of
Propulsion Engineers 2016 Fall Conference,
2016.

Lim, B, Kim, M., Kim, J. and Choi, HS,,
“Current development status of 75-tonf
liquid rocket engine gas generator for

17.

18.

19.

20.

21.

22.

23.

KSLV-IL,” Proceeding of the Korean Society of
Propulsion Engineers 2016 Fall
2016.

Joo, S, Kim, HJ., Kim, ], Lim, B., Kang,
D., Kim, M., Hwang, D. and Choi, H.S,

“Comparison of accelerometer data in hot

Conference,

firing tests of liquid rocket engine gas
generators,” Proceeding of the Korean Society
of Propulsion Engineers 2016 Fall Conference,
2016.

Kim, M., Lim, B, Kim, SK, Kim, J. and
Kim, H.S., “Experience cases of combustion
instability in development of gas generator
for liquid rocket engine,” Proceeding of the
Korean Society of Propulsion Engineers 2017
Spring Conference, 2017.

Joo. S., Kim, H.J., Lim, B. Kim, J. and
Choi, HS,

pressure data in hot-firing tests of liquid

“Comparison of dynamic
rocket engine gas generators,” Proceeding of
the Korean Society of Propulsion Engineers
2017 Spring Conference, 2017.

Kim, M., Lim, B., Kim, J. and Choi, HS,,
“Effects of turbine nozzle condition on
gas
generator,” Proceeding of the Korean Society
2018

combustion characteristics of
of  Propulsion
Conference, 2018
Kang, D., Lim, B, Kim, J. and Choi, HS,
“Facility

Engineers Spring

configuration and performance
tests for coupled test of gas generator and
heat exchanger of turbine exhaust system,”
Proceeding of the Korean Society of Propulsion
Engineers 2018 Fall Conference, 2018.

Lim, B., Lee, B. and Choi, H.S., “Operating
margin for the gas generator of a 75-tonf
class liquid rocket engine,” Proceeding of the
Korean Society of Propulsion Engineers 2018
Fall Conference, 2018.

Lim, B.,, Kim, M., Je, W. and Choi, HS,,

“Combined tests of liquid rocket engine



M24A HN4S 2020. 8.

TBEZ ALY HEAIE X SEAIE 65

24.

25.

26.

27.

28.

components with gas generator,” Proceeding
of the Korean Society of Propulsion Engineers
2018 Fall Conference, 2018.

Lim, B, Kim, M., Kang, D., Kim, H]J,
Kim, J. and Choi, H.S., “Development of a
reliable performance gas generator of 75
tonf-class liquid rocket engine for the
Korea space launch vehicle II,” 8" European
Conference for Aeronautics and Space Sciences
(EUCASS), DOI:10.13009, EUCASS2019-521,
1-4, Jul. 2019.

Ahn, K, Lim, B. and Choi, H.S., “Stability
characteristics of bi-swirl coaxial injectors
in fuel-rich combustion,” Transaction of the
Japan  Society for Aeronautical and Space
Sciences, Vol. 57, No. 6, pp. 317-324, 2014.
Lim, B., Seo, S., Kim, M., Ahn, K, Kim, ]J.
and Choi, H.S., “Combustion characteristics

of swirl coaxial injectors at kerosene-rich

conditions,” Fuel, Vol. 106, pp. 639-645,
2013.

Sutton, G.P. And Biblarz, O., “Rocket
Propulsion Elements,” 7th Edition,
Wiley-Interscience.

Parsley, R.C. and Zang, B,
“Thermodynamics  power  cycle  for
pump-fed liquid rocket engines, Liquid

29.

30.

31.

32.

33.

Rocket  Thrust Chamber:
modeling, analysis, and design, Progress in
Vol. 200,

Aspect  of

Astronautics and Aeronautics,”
pp. 621-648.
NASA Lewis

space

“NASA

criteria(Chemical

gas

Research Center,
vehicle  design
Propulsion), liquid propellant
generator,” NASA SP-8081, 1972.

Lim, B., “DAP part 6. Book 4. Chapter 4.
Section 2: Design analysis package on 75tf
gas generator for KSLV-II development

project,” L2-DR-01645, 28, Dec. 2019.

Dennis, Jr.HJ. and Sanders, T. “NASA
Fastrac engine gas generator component
test program and results,” 36" AIAA/

SAE/ASME/ASEE Joint Propulsion Conference,
Huntsville, A.L., USA, AIAA 2000-3401, pp.
17-19, Jul. 2000.

Thiard, B., 1990, “Vulcain gas generator
development status,” 26th AIAA/SAE/ASME/
ASEE Joint Propulsion Conference, Orlando,
F.L, USA, ATAA-90-2252, pp. 16-18, 1990.
Ahn K. and Choi, H.S,

dynamics of coaxial

“Combustion
swirl injectors in
fuel-rich combustion,” Journal of Propulsion
and Power, Vol. 28, No. 6, pp. 1359-1367,

2012.



	75톤급 가스발생기 개발시험 및 수락시험 결과
	ABSTRACT
	초록
	1. 서론
	2. 가스발생기 설계 및 시험구성
	3. 시험결과
	4. 결론
	References


