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RBCCAA & A&7 AASEAA S FFA A

Weight Reduction of the Reusable Launch Vehicles
Using RBCC Engines

Sang Hun Kang** + Soo Yong Lee**

ABSTRACT

Weight reduction of the VTHL / TSTO type of the reusable launch vehicles using RBCC engines are
investigated. To predict weight and thrust of the vehicles, equations of motion are analyzed. Analysis
results are compared with specifications of existing launch vehicles for validations. For the mission of
inserting 2.5 ton payload to 200 km circular orbit, the case A, which uses the RBCC engine in the 1st
stage shows smaller weight than the case B, which uses the RBCC engine in the 2nd stage. The

weight of the case A shows only 25.8% of a existing rocket launch vehicle’s weight.
= =

RBCCI & A& VIHL(Vertical Take off and Horizontal Landing)/ TSTO(Two Stage To orbit)
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RBCCe} A& el 4. E e 5999 Mach 3 o gel A 3l
Aztecd} Lazaruse &7]&Y2 FR7]#H9 o] 158 Are YHATNS TPz &H

o H ] 7

49 BN A8A gAZEHS g g2
A, ARG F2E FF IR
A S ARE 2A
/ RBCCe] FFo] AAE THE &
U= HTHL 29 # 8ot

Boeing 7479 7% BF2 S 53 o|F&5E7}
°F 79 m/s°l¥, 254 A7) Concorded] 74
$ 90 m/s9] &£¥g Wewg o5 2L} o

A E2 FroA o]Fe] Thedtr] M=

el WAo] 7] FFEoE HolokshA| R,
o] A% Fx5%& vl Al AuH FEE K
sk ik olue}, HA| T w3 FA B9l
e o] Avh HIPgA FF 2 F25E5 F
g At 9l e WA 9A vE
olstZ A HASte AFdE olFEEE
71 13 712 2EEFEEY o 10 §F27)
dasteg, B A8 325 g2 A48
ofste= FEo] ok wEbA, o] AFoA] o]
&% oF 120 m/sE BXE AAS UG,

5 6]. 1y o|¥d AFaAER A TBCC/
RBCCE 19o.2 283 HTHL 49 AAHE-
WALA o A, 1eo] AHA8h= AxFTF HlES A
A A AxFTEF] 85%7HA =A YERGA
6] A=&E= ¢F 7000 m/s7HA] 7H&Ee A
FE 71 @Ak o 4, TBCC/RBCC 1 2ALA|
7b 23 YAE AR 199 F Mach 8(¢F
2400 m/s)7FA T 71&site AS AU o o]
g3 AxFTES W =2 FAZ% & 5 Uk
NASA Langley®] Advanced Manned Launch
System Aol mEW, FIIEUA AIS A&
3 HTHLW 29 TSTO7} th& TSTO FH |
vl ol FTHFE M ARAN, AxFFES 7t
4w Aom Uehgon, o wgd e
dol=7t 7HE S AR dFs AT
a3y, VTHL(Vertical Take off and
Horizontal Landing) 21& Z&3}H, olz|g
S-S AEHE S5 5 dvHe]. VTHL 44
o WAAE FAUARE o) IR, BFAY
% ols&xel Alfe] glom, YA/

KR
ke TBCCARES
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a8y, B AFoME RBCC A7 £ 24 a(t,) =a,
AXE A& A2 o2 FARA ] sl ALA :;_gsm(g ) (10)
ol A4 FHAAF Aolur), W, 12 oMy ey
H g T8 T o3 Adxs Wlustaz &
22, g3 22 7S Fa A Y] & F 5 o] Ht}. o, A sv AXAFAIA, ex A
PR EXCRC LTEAAE YEATh T3 2A 9 FrHow
1) B dgdAe dnFge e Fua  TH UL S5 S o Hes ndd
29, = %39 (Net thrust)S v}, -
2) dxle] 2P 7Y EE APLYREo AV:/“@(ﬂdt
w2t GAIE T LA FAEH &
3) AFAI 9] Pitch angle2 ©H, 3=t d =1, *9
2 dA3 A& F W33k X [ln(mro—HrLdU)—ln(mr(]+mdo—m7'fﬂ
+g/w + [cosf, —cosb,] (11)
ol#fgt 7}4 3foll, &t (Single stage) LAFA 9
LTSN ofefek 2ol AT + Utk A7) SERAHAS HAE, 9o ZHe &
TEAE 2AE o
m (1) =mry+mdy—m; » ¢ @ de 2he e AT 2% F, 9
2ALE FESY e PP A =
' AL st 27o] ¢hds] Eeld Fo A=
a(t)=F/m(t)—g « sinf(t) (3) 2 ddzA3 53 Yoz e 4+ Qo
. T, stee] Afolle A 27lo] dhtel A
m=F/ U+ g) @ APayload)st & + glomz, ojg ZuAAE
AZ 3 AYAA FA ket sjAstd
ofml, m(t)= ARl we WA FA, mr, g 2Ae fANRAS aYE T4 5 9
= 2 FA, mdy= FAA FA, mre F =
QA FA, mps Azt we FA4 2RFS
UERAM, 0% Pitch angle, wE &%, FE % Table 1. Specification of Soyuz rocket vehicle
F82 247 et Core
~ ~ Booster Stage 3
FR71Ee] FHE TSy AR AR S Stage
Az g A Aol A 7 $EEAZS Quantity 4 1 1
ERAAANS ¥ LERHEU Length (m) 19.6 271 6.7
Diameter 2.68 2.95 2.66
m (0) =mr, +md, ®)  [Gross mass (ton) 434 |95  |252
. Inert mass (ton) |3.8 6.55 241
m(t,) =mry+mdy—my« t, ©) Engine RD-107A | RD-108A | RD-0110
=mry+mdy—mr; Propellants LOx / Kerosene
Isp-sea (sec) 262 255 N/A
0(0) =0, (7) Isp-vac (sec) 319 319 325
“) Thrust-sea (kN) |838.5 792.5 N/A
0 te’ :96 :95+w * te (8) Thrust—vac
(KN) 1,021.3 | 990.2 297.9
o F ) Typical burn
(1(0) =a, = m—gsm(ﬁb) (9) time (sec) 118 290 240
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Fig. 1 Soyuz flight parameters during the ascent

31 99 2 A5

QoA Aegt FHA o] WAMA Y &
2 mARLEA elstr] 918ke], RD-0110<171<
A2 Soyuz HAMA 9] 3T 2A9] FS KA}
3ka, Starsem©] F703tA Q)= Soyuz 3Te] H]
R R ELIAT R Ko =i ]} 713}
3 = Soyuz WAMAIS] A Y-S Table 10 U}
W oukel 2o} X3 Fig. 19+ Soyuz A7}

Starsem©|

Table 2. Speifications of the 3° stage of Soyuz vehicle

A/ 3 eke E #

HA T 8,850 kg
2 T 25,200 kg
dE TH 22,790 kg
T-2H] 9.6%

H| F ¥ 325 sec
FE A A 7 239 sec
ZI77MEE 8 m/s’
TtEE 28 m/s’
27| Pitch angle 15°

Z < Pitch angle -10°
EETE 3,478 m/s

g o SAHoR Yehuds, £&, TSR
9 Pitch angle®] W3S UEFATHI].

Table 1 ¥ Fig. 19] Ho]EHZ 5 E Soyuz 3%
2ZAY Ad 2 ETEAGS Table 29 o]
A9d & Utk

olw, 24 A WAHAE o]§sto
Soyuz 3% ZAHo] FPst= AF9 Ao
FHExHow o], TAA ALS AFEHE

=
Table 33 #& AAE <& F AUtk

32 2% A A=

Table 4-1, 4291 thEZ<Q1 2% TARA ]
Falcon 99] ¥ A5S YHFSZE, Falcon 99
ALE dFsta AAz vlwstHATh old,
Falcon 99 & EA% 5 GAA &2 ol
e = ol 22 7S S A&stAnh

1) Falcon 99] Pitch angle2 Soyuz®| 7-%-9}
FrAFSHAl Wskettal 7hgstar, AR A
90°elM 1% FEAH S 180 sec § 25°7}
Ha, o2& FEAIFNA 0°7F "

2) Falcon 99} 19| Huj7b&E= QI3to] A

4

2 F e WAZEE 40 m/s’ (F



17 X35 2013. 6. RBCCOIZIS

H3E NMAISEAA S S¥NEE L

61

Table 3. Prediction results of the specification of the 3°

stage of Soyuz launch vehicle

Input
o1 m A5 F 8,850 kg
= ETZR 3478 m/s
HAriE= 28 m/s’ %7|Pitch Angle | 15°
Az Tz 9.6% ZdPitch Angle | -10°
H] 32 325 sec
Output

= EESEIS Soyuz 3% 4Azk 2=}

24 % 24,574 kg 25,300 kg 3%

I8 T 22,215 kg 22,830 kg 3%

9 294.8 kN 297.9 kN 1%

FE AT 240 sec 239 sec 0.4%

g)Z 7H83 Tt (Soyuz 19 43 m/s> ¢). o TF % FY AFES 98 obdet 22 AdF
T3 29 HUrtEEE Soyuzeh AR 218 AAsAT
FFo7 30 m/s"o® 7HgE) 1) 2 A= 25 tone] EAAS % 200
3) Falcon 99] 1, 2] FEH= 10% ©]th km AT JAE ELses A YR
4) WAMA|9] Coast T3t Fairing £, 9 ja=
Aole gduta 7FY 2) WAL 9] 285°0 9} w=e] Cape
Canaveral #AMES o] g3t

ol#gk 7Hg# tjEol, Falcon 99| HIF¥ (1 3) A= EALY TF WFO R WAbsH,
o 266 sec, 2 336 sec) R AAAIZE (12 180 AFAAe] =goz AZEEE 7376
sec, 2% 346 sec)E YHEXHoT Fg3pH, W m/s7} Bt}

AR A B FE S 5 dTHI0]

Table 4-1, 4-22 AHEW, §4z3 QA ghol B ATolA Adegk sij4 e di4dS RBCCAZ
AR SRl M= oF 10% el Ak, F < 283 VTHL W2 9] LA 24, RBCCAX
ol A of 1% 225 vEhlio] tiA A S 19 EE 2dd] WA F ok & AFelA
o7 dAs1 S ¢ F 3tk Soyuz 3T © RBCCAZS 19t #jAst= B95 A%, 2
29 Afet g, 2Ao WUt 52 olfrE “oll wjxsls 4$E BIo= AHilm ;A&
LY AA ¥ Falcon 99 +F548E 71 33T
oA gt AHREA7] WESRE FHET
a8y, o83 ¥ == RBCC AdES #HEd 42 A% AR (19-RBCC, 2-27)

WA o] A5INAS AR FELR S35} A¥  TARAlA RBCCAZIC]  Rocket/
7] 91t B A HHole BEFste Folg Ramjet/ Scramjet =5 A&3tA Fds7] 9

g Stk A ofgf et o] LIFFFS HostArt
1) RBCC4l 2]  Rocket mode™= RBCC2]
Ramjet mode’} &+9=E 4 U= 900 m/s

4. o A A 1} (°F Mach 3)7+A] 73kt
2) RBCCalZe] HAE/2~IAWYAE HEt
41 A - A7 900 m/s (¢f Mach 3)°lA 2400 m/s (<}
¥ AFelM= RBCCE #-E3 ARG LA Mach 8)7}4] 7b&3k & 2dt3} Zej €t

L —1 pad
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Table 4-1. Prediction results of the specification of the 2™ stage of Falcon 9 launch vehicle
Input
qF HA T 9,000 kg
HAriE= 30 m/s” %7|Pitch Angle | 25°
Az TZH] 10% % @Pitch Angle | 0°
H| ¥ 325 sec AAAZE 346 sec
Output
= Al 2k 3k Falcon 9 - 29 A3k =}
2 T 48,517 kg 52,000 kg 8.3%
AR TF 43,665 kg 48,900 kg 10.7%
9 424 ton 42. 2 ton 0.5%
EE T 4,675 m/s -

Table 4-2. Prediction results of the specification of the 1% stage of Falcon 9 launch vehicle

Input
qF AT 57,517 kg (= 9,000 kg+48,517 kg)
A& = 40 m/s’ %7]Pitch Angle | 90°
Az T-ZH] 10% % SPitch Angle | 25°
H| ¥ 266 sec AAAIZE 180 sec
Output

35 Al Ak 2k Falcon 9 - 1% A Azt xt

2 T 294,541 kg 258,500 kg 14%

I8 TF 265,087 kg 239,300 kg 10.7%

g 391.7 ton 387.8 ton 1%

& ZR 3,620 m/s -

3) 2ttol] HiX® ZAL 2400 m/s A A= £ 199 FHE3d, AL 8= FAFEY

&% 7376 m/s 7MA] 7HE&gTh OJEFTHS FUHOE AL F US AL
2 g5 5 Atk

ol# gt FAFHA o] wel 25 tone] HAA AR E MFEFHoz AEW, RBCC A3
£ LEOY XYJAI717] Ak AALEEALA ] F o EAREE 38 9 106 tonlE TUAh EL
g 2 FF¥d= AFAE Table 59| YelHT. o] F8S "ge7 kAT, £% 900 m/s 7HA 37
o), RBCCAR Y $Hm=E Fxule I A sec BT 7HESIERE oF 15 tond] HAEWIOE
oo Aed ARFAZ o]§3le] <FEH| JES nlA $ k. RBCCAZ 2] Ram/Scram
= FEREA/(FZFA+ABEA) >E2 &3 REE 9 13 tond FHOE 379 sec T £9

: o] &X 2400 m/sol ZE3Y. o,
oA YeERG vlel o] 25 tond BAAZS Ram/Scram EE=+ H|F2o] ¢F 1500 sec &=
LEOd AAYPAIZ]7] f1g AY A AATH 2 9 7] wjiEe] oluf Bas AsFe oF
& oF 48 tonl 2 e A EALA ] AS- 34 tondl] E3}3}th.
FAE ZHe FAAE LEO APAZ 5+ 9 a8y, RBCCAR LS 2AARART FZH|7}
= A9 o]EFH2 ¢F 120 ton(Athena II, =t} Airbus A380 ¥ Boeing 747-1009 739
HATE 2 ton)olM 213 ton(FH 2¢, FATH HAdo|FFFNA HudgHS W Fs TEE

2

8 ton) 22 &= UTH10, 11]. webA, RBCC

o] EAg 7FAsAE, Fxee o 55%7 ©ok
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Table 5. Prediction results of the specification of RBCC-A type launch vehicle

- 1=-RBCC 1=-RBCC -
T (EARE= (Ram/Scram&E = 2e-274 A
WA FA 23,491 kg 24,268 kg 47,759 kg

= 4,663 kg 2,427 kg 7,090 kg
Ag A 15,451 kg 3,377 kg 21,841 kg 40,669 kg
THAAFA 30,145 kg 26,768 kg 2,500 kg 2,500 kg
TZH] 23% 58% 10% 15%
H] 3 250 s 1500 sec 300 sec -
E i 11 m/s2 3.60 m/s’ 7.01 m/s’ -
20 MEE 20 m/s2 4 m/s* 43 m/s’ -
TE & 900 m/s 2,400 m/s 7,376 m/s -
9 105.8 ton 13.4 ton 22.2 ton -
=G A ZE 37 sec 379 sec 296 sec -
FE T JAIZE 3,914.6 ton.sec 5,078.6 ton.sec 6,571.2 ton.sec 15,564.4 ton.sec

[12, 13]. ¥ 3|2 H) A= Ram/Scram EZ o
"194 TZH 7} 8% E A= o 315"7]01] Fote

T FXHTE ASHAH o] FxE THLS
RBCC«] ZARZ HE A, :,Lzu] 23% = E&r

42 99 10%RY Eoh a3y, o)
ZEd o3 FHFS/IEFET A GA F %.Li
A FFEAZAIAT o &7] W] HAH

Hashe Aoz Yeigt.

o fu

2E £

43 BE Al (19274, 2¥-RBCO)

BY TAAE ZANE 19, RBCCAZS
2tte]l  wiXelE FElE zteth 2dellA 9]
RBCCO ddds a&xoz k4717 93
A, B3t 2ol $d99S HoatA

1) 19 ZA& RBCCY WAE Ryl &9

2 & 9lE 900 m/s (¢ Mach 3)7+A] 7}
Eote A& 9FE o
2) RBCCAR ] HAE/2AYAE EEE

900 m/s (¢F Mach 3)ollA] 2400 m/s (&F
Mach 8)7}A] 7}&gtty.

3) RBCCIR ] ZAXEE=E 2400 m/sol A
AE&EE 7367 m/s 7R 7}& ok

Aol FHAdgAHel wet 25 tono] FAAES
LEO® ZYPAIZ17] g AAREEARA o] 9
9 Z#o= AFE Table 60 JeEbHTH

FolA veRG HEel o] 25 tond] BAIAES

LEOd Z§IA1717]1 91§ BH
oF 102 tono 2 YET
FTEROE Ze FFEolgtan ¥
LA o] FERTE 20| 7]'& =2
olgjgt A7t e o]
of MiXgo=H, RBCCY FHE FEES
5o

rlo

AA A=
wolth,
RBCC9]
o Bag
2 2% F

A
amaﬂﬂAeqﬂ
_Jro]]}\-] RBCCe A
whALA 9] RBCC ia‘j
%4 gt 294, BE

Rl E 3

EEEY
2L FHAA
=,
o} FAFsHA
.
27hetel of

ANAE Ao vpEston,
ALA 2] 105.8 tone] <F 2)
1, 28 wAp e AASLS BrdE AY
o 1, 2vke) wAlA Fdo] WP

EE

3%

ZARE A
“qEe AT
5<)

A AL

o2 s 19 WAHe 87F
eC

HhALA o] A A 5
ol ZAEARA

F Aoy, A¥
o]t}
= RBCClR o] Ak

il

&
o

AA7=A Ba gehrlerstr)

Ram/Scram E=

QAT AA Ao

9] 23%HT I HE
WA = o]
FAE S E2sto
A=Fo HHA7HA
22 A4 FAE S7HAR
Hol, WAATE S7HE

Bk

221 ton®] FHE 365 s

ol A¥
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Table 6. Prediction results of the specification of RBCC-B type launch vehicle

o o
an 1927 2%-RBCC 2%-RBCC 24
(Ram/ScramE.E) (EARE)
WAL FA 35,850 kg 66,601 kg 102,451 kg
A 3,585 kg 8,985 kg 12,570 kg
Ag A 32,265 kg 6,703 kg 50,913 kg 89,881 kg
FEA A FA 69,101 kg 53,413 kg 2,500 kg 2,500 kg
T-ZH] 10% 57% 15% 12%
v 4 250 sec 1500 sec 300 sec -
EX I 10.8 m/s’ 3.61 m/s’ 7.0 m/s’ -
20 MEE 20 m/s’ 4.0 m/s’ 43 m/s’ -
T &S 900 m/s 2,400 m/s 7,376 m/s -
4 221.0 ton 25.5 ton 51.7 ton -
=G AT 36.5 sec 394.8 sec 295.5 sec -
FExEAGAITE 8,066.5 ton.sec 10,067.4 ton.sec 15,277.4 ton.sec 33,411.3 ton.sec
200 4
100 B Total
90 - 1807 BB >stage Propellant
160 | N 2stage Empty
80 B 1stage Propellant
140 + [ 1stage Empty
s 7 = 120 H
E ] % 100
% 50 - 5 .l
g 40 > 60 -
30 4 40
20+ Rocket 20 4
10 - 04
0l RBCC-A  RBCC-B DELTA3000 Athena |l Vega

RBCC-A
(251 (251

RBCC-B
Fig. 2 Weight analysis of RBCC launch vehicles
TO|A T, BY AR

©he] of 19w FF
ATV 5%

£ 2w WAl Fgol 1
A, RIS b
_?_

)
[e]
o, 10

44 WM $5F vl
Figure 2+

B
A dE L TEE FFL BASEL.
o

N
=

BN oo ot pZ

AL o] FA w3 Fukele =
W, RBCCE 1¢
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