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ABSTRACT

Design parameters required for Methane/oxygen bipropellant small-rocket-engine were derived
through a theoretical performance analysis. The theoretical performance of the rocket engine was
analyzed by using CEA and optimal propellant mixture ratio, characteristic length, and optimal
expansion ratio were calculated by assuming chemical equilibrium. A coaxial-type swirl injector was
chosen because of its outstanding atomization performance and high combustion efficiency compared
to other types of injector and also a bell nozzle with 80% of its full length was designed. The rocket
engine configuration with 1.72 MPa of chamber pressure, 0.18 kg/s in total propellant mass flow, and
O/F ratio of 2.7 was proposed as a ground-firing test model.
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P. : Chamber pressure 1000
D Coking Margin
L* : Characteristic length - B Coolant Heating
o : Radius of liquid droplet ; ano 'h Coolant-Side Wall Temperature Range. .
U : Liquid jet velocity '571 -
13 . Axial distance E el i costing
B : Spalding number 3_ an |
A./A* : Nozzle expansion ratio E
C. : Thrust coefficient é’ 200 | cool. out
rwny  Thrust coefficient of convergent < cool in
nozzle 0
Fouc - Vacuum thrust Methane Propane Kerosene
Isp.vac : Vacuum specific impulse Fig. 1 Coolant heating and margin to cokingl5].
m : Total propellant flow rate
c* : Characteristic velocity ZAoz ABAH F=AAN 3t AFLFaer =
A* : Nozzle throat area 7k T3], HE, 2/34d "BALE JFesHA
A./A* : Contraction area ratio g ZA A Z (rocket engine) e Qg w
D, : Thrust chamber diameter 2t g2 FZAC Hg] A FAE =], ¢
D* : Nozzle throat diameter 2 oA dA AY &) st W/
A o] AFATE 2AALL] AAY FAZ
Zpagk s Qlok
.M B ofo we} B =AM e He FIA A5
4& #A43ta CEA(Chemical Equilibrium and
Fd 3= A (monopropellant) & Al-8-3l= ZA Applications) S E3le] 27z1¢] o]24% 3
AL Fw Alade] vz rdsiy F34) S FYsAL 1 M EFRE mEer 23
Hsol 4 goBg 1 SEE F2 AFEe]  4%g A7 A A YRUANFES =
BEAQ) Ao FAHo] ek olo] W old  Fdhe] W/ Na oUFAA cIzAde
F 1A (bipropellant)= d¥rH oz GUFXA| AU P FAA AdHE A St
uth W%y ge] S5, dush AsA 3
FUe 2Ase] GUB 24 45 AT
uwf Fof §-FARA| (space launch vehicle), -5 2. HEF FXIN| MsSEAN
H] 8 A (spacecraft), %57 A (space station), &
AIZEe] A% FEE ZeE ARAAR AFTAXN oy 7hA o]dF:A e HeEAHLS &
(satellite) 5ol AH&®Th @74 857 Qe ¢ 4% A3}, LCH/LOx 23 Uw mFge

FHAMA Y F  dIF(main  engine)oll= LOx/
Kerosene(RP-1), LOx/LH, A ZFo] F=
o] #1 glomn, NTO/MMH(Z< UDMH) ¥ &
o|=EZHZI(N,H,) T2 AAIAolE Ao Wi
Al FAZ AREHI JTH1,2].
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Convergent Nozzle, P: 1.72 MPa
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Fig. 2 Variation of flame temperature depending
upon OfF ratio and chamber pressure.
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Fig. 3 Temperature and /g vac With various O/F ratio at
1.72 MPa of chamber pressure.
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14 e Optimum Nozzle Expansion Ratio 3400 | - 1860
/./._‘.\E o - |
12 R Y ——— A T TING - 1840
a 3200 | /" ,/D/ '\.
2.41 MP: ] 1820

e 1.72 MPa - Y € / // \\.

5 sl | 2.07 MPa g V N @
s 1.38 MPa =7 g / ; €
N : !/ °
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Fig. 4 Thrust performance of quasi-one dimensional e ™
isentropic nozzle according to the chamber o // \'\.\
pressure. .l ] I N N (R P .
E / SNl
= 0 7 \
property)©] frAFa7] wiEol ou]AA 9] #HH =t // A {258
A eAMEng neistel AvstAtp]. A4 wt Y/ Serir o
HERE BALE 949 WAEr) 3 BAS | | s
E(uo)r‘:— 110 pme}t 65 m/sZ 71A3FF oW, o] 20 25 o et 30 35
Y0 sl o] A = ylelo A 5] 9} ) ]
e AgAT ARIIE v JHEHAT Fig. 5 LCHy/LOX rocket engine performance
= A [e) =] =3 2= P "
AR} SA4A)E Eq. 1€ ol &3t =&d F characteristics at sea-level condition.
Utk ofel Aol L & B, T, My= 242 54
dol, W& A, Spalding &+, FHA2 W2 AFALND S 1A ve/ A o] P24
T, FEA oA dddL" 7hse] wleke ZAAAY =2 BFu(A/AHNS AR 8
(Mach number)E e 284 YReHE e =29 F 1349
dERY ASANe FPsdon, 1 ARE

* — - -

L¥= " Fig. 40 =A19T =2 BR7 Q9 A,

2 JART, [(%)(Nr%lﬂfﬂ T gy R uREe] Au5s 25 (hrust

fficient, C)7} S7}ste A4S Holn, w3
¢ (ke p)Ia(1+ B) coefficient, C))7} F7}sh= A3 1=
otgj o] Eq. 22X E =ZAdZe] mFgoz
' I 42 HAATE FHo] AX =HS o F
Table 1. Design specification of LCHy/LOx rocket N N 2447) FHel AAA =T
engine. stk
Parameter Specification P.—P,)\ 4e

Vaccum thrust, F. 500 N T P, A*

Specific impulse, L, .. 285 @

p p sp, vac S 1)/ (1) P 16D~

- 29 [ 2 e
Total propellant flow rate, m 0.18 kg/s + Py Py 1— "
Nozzle expansion ratio, A./A* (at se?a.5level)
ok 713 A yRetE 172 MPa ol X
Chamber pressure, P, 1.72 MPa 1712 :_r 2 T ? ]_1
9 QR o]l24T MHAFHE Table 19 2<F3}
Characteristic length, L* 1.05 m 1, A4AE A5E4S Fig. 59 JEhdt &




H1o# Hs% 2015, 6. AgE3ozI0| ofslHAA >t
FzANN Bx AFFY 2 HFgHe 500 N (swirl) 217 Hth(shear) WAoo Uy AH,
7 285 s(o]& HIFYUH] 95%)E HAsATh 535 24 WA %Y QAHe 5% A
ARE HOTREH T FIA AZFHTFS 018 Hol| uHls] dA B AZo] F3pg To]l UA
kg/s=2 AR H"/ AL HH 94 27 T E Y3 Aol st W s 2=
AN 2ZANNY Ag FHE 462 N, WF  BIHL AxBAYAe] Hol B2 AAY 3
g 263 s 83 54 % (characteristic e vlE] ALEES =Y F U FHE

velocity, c®)= HAWHS 7IAE AL & F o

CFEA YRexs A 3,200 Kol 0|23

gl 389 F3A EFWAA =7 F7het
3

41 IAE A7

AAZANZ ] AHEHE QA EE A8/
AE EAst AAAE(liquid jet) FEIZ T
o] M2 FEAAY EFS B3 v
(atomization)A] 71, ©] FBFE AH JAAE
= AH¥Y o] e FxE ubEt A5 F
AAE 2o Rulo dxoz WaAA 759}
b FA olFoARE e FaT
ArE

Ta% AALLeIt10]. dAHE AP
wel A FE 3 (impinging), 3 ¥ (coaxial),
AEF(pintle) 5°] AT 5 JAH= =4
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Fig. 6 Schematic of a swirl coaxial injector.
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A el HdAe FAGSA AX[12]e ¥l7
o7 FAYPHAL Fig. 6= L2FZAARAY x4
AxAIFel AMEE =¥ FF A H(swirl
coaxial injector)2] JRZFE o]t} Q1A E FAlA
AFBHAIQl LOxe 282AME 3, 9891 LCHsE
Wekew 249 glo] EAbdH

Ay

42 =2 5 54 A

A& oB4% E4 ARSL o8ty A
e FgAA g WFEE =&Y =F
FAAAE HH 58S vEITGL 4R
80% M3 xZ(bell nozzle)S €3] Rao %
Hslez At =& 5 "WAHAY, F9
A =27 FA8|(A/AY, AR FHA9 AA
(D) 5 ZAZ otelo] Eq. 3[14]% A¥ = do
Blol °¢ Eq. 4[15]2%E AFah 54720
(LHYERE ol 2] Eq. 5[16]F o]&3dte] FHA

Zol(L)7t Axte.

g RT,
P, [ 2 (v+1)/(v=1) (3)
+1)
e = 80D * M0+ 1.95 4)
A*
L=1*~ ®)

>

F84 y5gte 1.72 MPa, & 534 A4
F 018 kg/s, HA FAA M 279 W =
Aol =& & HF(D*) 1564 mm, FHAI}
=2

kel Fam 74, FH4 HA(D) 4246
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Fig. 7 Schematic and design parameters of LCHy/
LOx rocket engine.
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