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* Rocket Propulsion Components, An Introduction to the Engineering
of Rockets by George P. Sutton

* Design of Liquid Propellant Rocket Engines by David Huang
e Gas Turbine Theory by HIH Saravanamuttoo etc
e Gas Turbine Combustion by Arthur H. Lefebvre

* Ramjet Engines (Partl of 2 Parts) by M. N. Bondaryuk and S. M.
|ICyashenko

e Scramjet Propulsion Edited by E.T. Curran and S.N.B. Murthy
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TABLE 1-1. Encrgy Sources and Propellants for Various Propulsion Concepts

Energy Source®

Propellant or

Propulsion Device Chemical Nuclear  Solar Working Fluid
Turbojet D/P TFD Fuel + air
Turbo-ramjet TFD Fuel + air
Ramjet (hydrocarbon fuel) D/P TFD Fuel + air
Ramjet (H, cooled) TFD Hydrogen + air
Rocket (chemical) D/P TFD Stored propellant
Ducted rocket TFD Stored solid fuel +
surrounding air
Electric rocket D/P TFD D/P Stored propellant
Nuclear fission rocket TFD Stored H-
Nuclear fusion rocket TFND Stored H-
Solar heated rocket TFD Stored H;
Photon rocket (big light TFND Photon ejection
bulb) (no stored propellant)
Solar sail TFD Photon reflection

(no stored propellant)

“D/P, developed and/or considered practical; TFD, technical feasibility has been demonstrated, but
development is incomplete; TFND, technical feasibility has not yet been demonstrated.

1% 5% H :Rocket Propulsion Elements
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ICBM Detection

HGV and HCM

JEk Detection

S—

SEFTEATTIET  ICBMHGVEIHEM fe(T#Bitha:  HOVIRTTHIEN
HGV: Hypersonic Glide Vehicle
HCM: Hypersonic Cruise Missile
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% 7 >300km (LEO)
# B >7.6km/s

>300 km 50~300 km
BB BLiE R >T7.6 km/s #3170
ot |Epsilon- 3.(p &) |HFZ L5(5%)
s EE 91 = e 1. 7=
% - & dud 2,271 kN 196 kN
§ - &g 112 #) 5.5 #)
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(mono—propellant)
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192

Bi-propellant Max. ISP (s)

Fuel/Oxidizer Pc=1000 psi
LH,/LOX 457
RP-1/LOX 358
CH4/LOX 368
RP-1/H,0, 331
N,H,/NTO 348
341

MMH/N TO

“RD180 Englne (RP Xl/LOX)

MR-106L 22N

Thruster
[SP:228~235

Hydrazine Monopropellant

Hybrid Rocket ISP
Paraffin/LOX 292
HTPB/H202 240
HTPB/N20 180

[nnospace:

Hyper-15 Hybrid Rocket
Paraffin/LOX Propellants
[SP= RP-1/LOX

Thrust: 150KN
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Hybrid rocket
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Merlin RD-180 Raptor BE-4 RS-25

LH2 / LOX

Cycle Open Closed Open Closed Closed Closed
25% (LOX rich) (Full Flow) (LOX rich) (Fuel Rich)
Fuel Type RP-1 RP-1 RP-1 Methane Methane Hydrogen
Total Thrust 0.84 MN 3.83 MN 6.77 MN 2.00 MN ~2.40 MN 1.86 MN
Thrust : Weight 198:1 78:1 94:1 107 :1 ~80:1 73:1
Specific Impulse 282 sl 311 sl 263 sl 330 sl ~310 sl 366l
ISP} 311 vac 338 vac 304 vac ~350 vac ~340 vac 452 vac
Chamber Pressure 97 bar 257 bar 70 bar 270 bar ~135 bar 206 bar
)/Z J:I IJ .'— ’Eﬁ } ’ % »‘
o T Ay IR .
R METHANE ~ HYDROGEN
Density 813 g/L 422 g/L 70 g/L
Citation: Comparison of orbital rocket engines - Wikipedia o )
Oxidizer : Fuel Ratio 271 34 6:1
Raptor 1 Raptor2 Raptor3 Raptor 3.1 Raptor 3.2 LEET-1337 W ‘fF“: . . i
~ Mass 2000kg 1600kg 1400kg 1400kg 1400kg 1100 kg sl pererEER R ERerorae i - - -
Thrust 185tons 230tons 269tons 276tons 300tons 320 tons e e 370s 459s 532s
Chamber Pressure 250 bar 300 bar 350 bar 370 bar 400 bar 450 bar Combustion Temp 3670 K 3550 K 3070 K
Specific Impulse 330 327 327 327 327 327 . .
Boiling Point 490 K MmK 20K
TW engine only 93 144 192 197 214 318
— . 1 Combustion Byproducts CO,&H,0 CO,&H,0 H,0
They are now building seven engines a week. But Elon Musk even set his & icky stuff

expectation that SpaceX has to make a capacity of 2000 raptors per year. Ma""fmural;ligmﬁ% Ik f]l ;}:L FTE LL ﬁ, N

' AL
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i -
Model: YF-77
Propellants: LH2/LOX
Thrust: 700kN @ vacuum
Chamber Pressure: 101 bar
ISP: 428 sec @ vacuum
Application: LM5

e Tt
------

Model: YF-100

Propellants: RP-1/LOX
Thrust: 1340kN @ vacuum
Chamber Pressure: 180 bar
ISP: 335 sec @ vacuum
Application: LM5~LMS8

k.
ki T ORE T BAIEAIA
July 12, 2023

A1 5| AR

Model: TQ-12(KES)
Propellants: CH4/LOX
Thrust: 785kN @ vacuum
Chamber Pressure: 101 bar
ISP: 337 sec @ vacuum

First hot fire: May 2019
Application: ZQ-2(K & %)
Manufacturer: LandSpace
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A28 BE 5} 2255 (SLS) E=H 2022 130,000 | FAETREE K Zi(RS-25:LH2/LOX ~ RL10: LH2/LOX)
W RS i B [ S K B .
Starship Space X (F=[E) 2024 150,000 | WEENHEES K Fi(Raptor: CH4/LOX)
JRE & A(Falcon Heavy) Space X (ZE[E) 2018 63,800 | WAETA R K Ei(Merlin:RP-1/LOX)
i B A B K Eii(Merlin:RP-1/LOX)
R/ fL9%(Falcon 9) Space X (ZE[E) 2010 22,800 | WAETA R X Ei(Merlin:RP-1/LOX)
=AM PUSE (Delta 9250H) ULACGER) 2004 28,790 | WG EEE K Fi(RS-68 ~ RL-10:LH2/LOX)
s 1) 7R B WK 5 (RS-68: LH2/LOX)
B M (nmpoton-M) R Bt 2001 23,000 | VUESFEE K &H(RD253 ~ RD-2010 ~ RD-0212 ~
S5.98M:UDMH/NTO)
ZHHIAS e T 2014 24,500 | WA AR K &I(RD-191 » RD0124:LH2/LOX)
| e B Wk 555 (S5.98M:UDMH/NTO)
Gl ZZ55EES BN AR Z= 4 1996 21,000 | 74 B K i (Vulcain2 ~ Aestus:LH2/LOX)
i Y [EE] S K (P24 1)
EAE A 5%(5B) ==iE 2016 25000 | —f R K& (YF-77:LH2/LOX)

VURCEEE) KB K (YF-100:RP-1/LOX) .
|- 8 B K i (YF-50D:UDMH/NTO)
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qefr L A (Atlas V) |ULA(SERE) 2002 9,750 | 4B EES K &G+ R E1 AR KEF(RP-1 ~ LH2/LOX)
L& E T (Antares) EBERZ AT (ER) | 2013 6,120 |78 K 5 (RP-1/LOX)+E B8 Kk 55+ B K # (MMH/NTO)
| Hi & 158 (Soyuz-1) R SR 2013 2.850 |HEE R K B8 (RG-1/LOX) -+ £ 75 B 'k 55 (RG-1/LOX)
| &295 (Soyuz-2.1b) | HREEIT 2006 8,200 | IR K & (RG-1/LOX)+RA 778 B K &5 (RG-1/LOX)
|22 25 HREEH 2014 3,800 | 7 A8 K A (RP-1/LOX)-+ b [ i L R K 55
RIE =R &F(CZ-2F)  [FE 1999 8,600 | i1 [F5 8 vk &+ 671 R A K i (UDMH/NTO)
RIE=5825(CZ-3C) | 2008 9,100 |EHENEEE K E(UDMH/NTO)+= & i B K &7
RAEMUSE£F1(CZ-4C) | 2006 4,200 | =6 EKFI(UDMH/NTO)

EE/S9EA(CZ-6A) (R 2022 | 4,000(SSO) |fifEh[EIHS K&+ i R S K& (RP-1/LOX)
RAELHR(CZ-7) [ 2016 14,000 | fHBhREE KT (RP-1/LOX)+ i i EHS K Hi (RP-1/LOX)
BAF/\38(CZ-8) [ 2020 5,000(SSO) |FiEnEEE K F (RP-1/LOX)

HE 5% KEFRHZAE](FE])| 2023 2,000 | WiEn R RS KET(LH2/LOX)+HEEZ K ZH(MMH/NTO)

N SRR A E] (P ED) | 2023 6,000 | 9 e RS KER(LH2/LOX)

5] 01—5% ROTZERIAE(PED) | 2024 6,500 | 04 i B [ B oK A5+ — T [ K B

H-TIA A 2001 15,000 |1y [ 88 ok 355+ 70 67 0 K (LH2/LOX) .




| S B % SR L H 5~ am@ * RP-1/LOX ¢ LH2/LOX

TP T A(Atlas V) I §1% 7 3] (Ariane 5) X (Falcon 9)
A N m{ 1
& !%
I . ?
i : li!f-*
" 1

O Booster: HTPB O Booster: HTPB O 1t stage: RP-1/LOX O 1% stage: CH4/LOX
O I1sstage: RP-1/LOX O Core stage: LH/LOX O 2ndstage: RP-1/LOX O 2"stage: CH4/LOX g5
O 2dstage: LH,/LOX O Upper stage: LH,/LOX



72 4t 3B ST AR LI

i & & (Pegasus) gERNS AT (ERE) (1990 443(LEOQ)| =&n [E BE X &+ L [E & B (R Ba X i)
JKFEM (Minotaur IV)  |EVEBRIEZAE](ZER]) (2010 1735(LEO) | /U &1 B BE X &
| &+ X # (Electron) K & BB = (2 E) 2017 300(LEO)| i & % B8 X Hi(RP-1/LOX)+ | & & B (& B K &)
© |4« 2 (Vega) BN AZAE 2012 | 1430(LEO)| =i EIBE K Fi+ I & 81 2 (AR X &)
" * % (cTpena) MR 2003 | 1400(LEO)|mi&n EEEXET
[ty —o2 ch e 2013 | 430(SSO)| =& EEEXE
RAE/NTR ch 2015 | 1080(SSO)|—#if& B8 X Fi(RP-1/LOX * UDMH/NTO)
RIE+—9% R 2015 700(SSO)| M & & 58 K B
HEEE—ok hE 2019 | 150(SSO)|Iu&nE kS K 55
AR B RESE (P E) 2019 300(LEO) |V ER & BE X & + 2 £ 4 1] &8 X B (MMH/NTO)
e —o8 257 8) () 2020 350(LEO) |/ &7 182 X &
Y EZ HrBE(Epsilon) H 72 2013 1200(LEOQ)| = &n &l B8 X B+ - & &i B (JiE BE X &)
R E3L 2022 1500(LEO)| —&nif& B8 X &l (RP-1/LOX) ,
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