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ABSTRACT

In this study, we revisit the previous study of using a methalox engine to form a Korean version of
the reusable fleet to improve our assessment on their utility and performance for various space
missions with our select 35 tonf-class staged combustion engine. The re-designed Korean version of
Falcon 9 can deliver up to 4.8 tons of payload into 500 km SSO in the expendable mode and about 2
tons in the land-landing reusable mode. Given the level of cost savings in reusing the Falcon 9, a
Korean reusable launch vehicle is expected to operate at a cost of approximately ¥60.8B in

expendable mode and ¥21.3B in reusable mode.
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FRSC : Fuel Rich Staged Combustion
K-RLV: Korean Reusable Launch Vehicle
LEO : Low Earth Orbit

LV : Launch Vehicle

methalox : liquid methane-liquid oxygen
ORSC : Oxidizer Rich Staged Combustion
SSO  : Sun Synchronous Orbit

RLV  : Reusable Launch Vehicle

RTLS : Return To Launch Site
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Table 1. 35-tonf methalox engine system parameters.

Parameter Value | Unit
Thrust (vac.) 35 tonf
Isp (vac.) 340 sec
Chamber pressure 100 bar
Engine O/F ratio 3.4
Nozzle expansion ratio 24.5
LOX mass flow rate 79.55 | kg/s
1st LOX pump inlet pressure 5 bar
1st LOX pump outlet pressure| 198 bar
1st LOX pump efficiency 0.69
1st LOX pump power 1952 | kW
2nd LOX pump mass flow rate | 7.46 | kg/s
2nd LOX pump inlet pressure | 193 bar
2nd LOX pump outlet pressure| 292.6 | bar
2nd LOX pump power 2549 | kKW
Fuel mass flow rate 2340 | kg/s
Fuel pump inlet pressure 4 bar
Fuel pump outlet pressure 367.6 | bar
Fuel pump power 2960 | kW
Fuel pump efficiency 0.67
Preburner pressure 198.6 | bar
Preburner O/F ratio 0.319
Turbine inlet pressure 195.6 | bar
Turbine outlet pressure 120 bar
Turbine power 5166.9 | kW
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Table 2. 35-tonf methalox combustor specifications.

Parameter Value Unit
Vacuum thrust of 35
ground englOne 3737 tonf
vacuum engine tonf
Specific i 1 f
Pgound engine | 0 | e
& g. 363
vacuum engine
C* efficiency 98 %
Contraction ratio 3.5
Nozzle expansion ratio of 245
ground engine 1412

vacuum engine

Total mass flow rate 102.947 kg/s

LOX mass flow rate 79.550 kg/s

Fuel mass flow rate 23.397 kg/s

Chamber O/F ratio 34

Chamber pressure 100 bar
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Table 3. Staging of methalox reusable launch vehicle.

specific impulse [sec]

1% stage | 2™ stage | Fairing
Stage mass [kg] | 200,000 | 33,625 | 1,250
Propellant mass [kg] | 186,000 | 30,600
Dry mass [kg] 14,000 3,025
Mass ratio 0.07 0.09
Vacuum thrust [tonf] 315 374
Vacuum engine 340 363

Launch vehicle mass 234,875 kg (w/o payload)

Fig. 2 Trajectory of K-RLV SSO mission.

Fig. 3 3D—plot of trajectory (RTLS, SSO).
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Fig. 6 Trajectory of K-RLV DRL mission (SSO).

Fig. 7 3D-plot of trajectory (DRL, SSO).
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Table 4. Input values for development cost estimation.

Factor Value

fo 1.04" (N=2: Number of stages)

1. Stage: fy =k, ks
(1) ks from Fig. 2-32 of [15]
?) k= (Mn _ME)/Mp
M,: Dry mass of liquid stage (with
engine, residual propellant) (kg)
M,: Consumed propellant mass (kg)
2. Engine: f, =0.026(In(V,))?

Ng: Number of qualification firings

I

(1) Liquid engine for stage 1: N,=300
(2) Liquid engine for stage 2: V,=150
£i=12 £,=08 f,=1 f,=2°% f,=0.56

f10=08 f1,=1

100M¥#/WYr = 1.741 (fiscal year 2021, [17])
((R&D expenses)/(number of researchers))

Table 5. Results of f, of the liquid stages.

Table 6. Results of estimating the development costs
of the liquid stages and engines.

Stage | My (kg) | Hy (WY1) | Hy (WYD)
1 8,990 3,233.4 6,017.7
2 3,569 7,908.2 1,724.6

Table 7. Results of estimating the development costs
and development costs per 1 kg of payload.

Development cost
Payload
Srage (kg) € (100M¥¥) | (100M#/kg)
(WYT) 8
1 - 6,436.5 | 11,205.9 -
2 - 6,702.1 | 11,668.4 -
Total | 2,068 |13,138.6| 22,874.4 11.06

j‘/j;l ME % kref k?ff f2

Stage
(kg) | (kg) | (kg)

1 36,320 | 3,150 | 186,000 | 0.0501 | 0.1783 | 0.2811

2 3,025 | 400 | 30,600 | 0.0842 | 0.0858 | 0.9813

A&, fr2 FHAGA PEES AA, 100M-
199< or3th Table 40 A EA9 f,5
| 2bsk7] 913 F2jo] 3] 9lom, o]F o]
g3t QA BA S f,E A A= Table
59} Zth Eq. 13 Eq. 28 ©]&3te] A4tst o
A BA e} Ao s v&ES AL Aie
Table 63} 2o, AA& FAA L] A v]-§3
HolE2E 1 kg & /N HIE&E AL A=
Table 73} Zt}.

WALA ] v w8 AR AFu] 8
=80 8-S dafA ALt AT &8r8e AF
H (O A 28°18, @ ¥/ IFA 28H

X

£, Q@ FXA HE @ olFs, @ AL dd
g 9 2Y5)9 ® HUE gste] AL

WALA] B A Ze &S O3 ZoH, &9
= WYre|th

Fyy=1.265 My f, fof 10/ 11 )

A714 f,= shEel oF Hlg AR dAE
omat) Hal AA Ao AFw Lo e
23, d9= WYroelth

Fp= 1-2M1%535f4f8f11 @)

AR o] A AR LS A4talr] 98]
Y3 F2 Table 87 ZoH, 74 f= ¥

A ol M2 HE Ut AAE ofr|gh
1S 103] AAE3stE Ao 2 7HAsH 2w, 50
7] Fa16]o.2 7143t 9 T Egs. 345 ©] &3}
o AAeE WA BA 9} qizle] TAF 157] Al
ZHu) g3 507] A Al B AFELS A
A= Table 99F 2t}
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103 Zt} o714 “New launcher”+ 507]1& <



28 HM25 2024. 4.

Falcon 9 & OIEH MARS SAHH LM % BHY 24 o1

Table 8. Input values for manufacturing cost estimation.

Factor Value
o 1.03
0.81 (p=0.9, 9 units (engines of stg. 1))
) 0.64 (p=0.9, 50 units (stage 2))
Y 1087 (p=0.9, 50/10 units (stage 1))
0.65 (p=0.9, 50/10%9 units)
y; 1.02 (Scope of Subcontracts = 20%,
°  |Subcontractors’ Profit = 10%[15])

Table 9. Estimated manufacturing costs of the first flight
models and average manufacturing costs of
the liquid stages and engines (50 units).

1 flight 50 flights
Stage Fy, Fy Fy, Fy
(WYr) (WYr) (WYr) (WYr)
121.92 40.50 105.81 32.63
2 70.69 16.58 45.44 10.66

Table 10. Estimated manufacturing costs of the first
flight models and average manufacturing cost
of the reusable launchers (50 units, 100M¥¥).

. 50 flights
Stage | 1 flight
New launcher | Average

1 306.0 260.8 53.8

2 164.4 105.7 105.7
Total 470.4 366.5 159.5
sk B 189 28 BE AT ARS @ 4
ol thet Aol ”Average”= 5071 ok/?}‘)ﬂ
gk g Aol

411 X4 28H|E

WA A gu g AN AR &

22 o Zow @9l Wyrelth
Cp=8M" " L™ ""N"Tf fofofsI 11 )

A7 My= BAA ol F FF(ton)S o8t

412 818 2 s
WA S W 2
AT F4 e gt gony

Sl g AN

2= WYroe|t.

e

= 20(2 QN)L_ COffs (6)

A7IA Qe TAA BEZFE JAAE ov] gt

Eq. 55 °]&3td AN +818& ALkt
el 4= gF Eq. 65 o83t vy # 4
T 28HEs Adstr] HE dEd @2
Table 113} #Zt}.

413 XA &

F7A 1 kg B ¥-E&2 Table 129} 211, 531
T A4S 98 ag dx AW E3

O/F=34% Z&3I3th. Attd F3A
1-8-& Table 133} #t}.

ﬁn:?L_

Al
H =
O

Table 11. Input values for ground operating cost, flight
and mission operating cost estimation.

Factor Value
M, (ton) 259.26
L 7
1o 1
I 0.7
> Qv 08

Operating cost factor considering reuse = 1.25

Table 12. Propellant costs per 1 kg.

Propellant cost (¥/kg)
Methane 1,000
Liquid oxygen 170
Helium 167,943
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Table 13. Calculated propellant masses and costs.

Value

Methane 49,720

Mass (kg) |Liquid oxygen 169,046
Helium 390

Methane 0.50

Cost Liquid oxygen 0.29
(100M¥¥) Helium 0.65
Total 1.44

414 0|&=

1 kg B WA ©|$FE 5365 €[16]2 714
393, Table 119 & M9 k€/WYr =
325.664 (fiscal year = 2021, [18])= o]&3to ©
HAE WYrE o|FEE A4gt & Table 45 ©|
|3t T9E o= W3St o|FEE A4
stod .

415 AR 2tz 2 23
2FPLAA BAE ddlE 2 By
Ql 6.59 U194 LAY duls 2 BRPSIF
A ol &FHH vlE gt JHA st Al
ot oo, AFEAA S o] FFFQ 53.32 ton[19]
3} Table 119 AALE LAA Q] o] F ZHe
o] &3}t

4.1.6 ZHEy|
HALA o] HHHE Alktelr] Y% e o
23 2o o9 = WYroeltH15-16].

10C= (335+32)L~ "% 7)

o714 S& 3Hd 45 Hle-S oJn|skm SOLSTICE
A5 [16]S Faste] 022 7FA 3T

WA 15718 8083 507] ¥t Al B
H &S A4l A= Table 1494 2T 7] A
“Expendable” & AAHEE& 3] F7EH= ¥&S
aHstA] &S Ao, Reusable HAHES

AT Aot

Table 14. Estimated operating costs of the first flight
models and average operating cost of the
launchers (100M¥¥).

1 50 flights
flight | Expendable | Reusable
@O Ground Op. | 63.75 40.98 51.23
@ Flight & 440 | 283 3.54
mission
@ Propellant 1.44 1.44 1.44
@ Transportation | 4.16 416 5.21
F
) Fees & 3161 | 3161 | 3951
Insurance
Direct Operating | 105.37 81.02 100.92
Indi
© Indirect 3214 | 3214 | 4018
Operating
Operating Cost | 137.51 113.17 141.10
42 SOLSTICES &3 WA vlE- o5
SOLSTICE[16]+=  “Small  Orbital Launch

Systems, a Tentative Initial Cost Estimate” 2
ofo] = ESAS HI-& dAYolQl Drenthe’t TU
Delftoll Al 7H&g 48 &P TAAS HE F
A Edo|ty. SOLSTICEd A& Zt F4F9 H
&2 Atstr]l A dolEe A% #E dgst
of |z ¥ 137] B&E Axtetd, 1 235
o] &ste] i e} FAHIE ALgTh 13,
L81E TransCost 825 o]&3dla] A4siH,
Hg g Jidul e} F4knl et $-8¥E EF TSt
of Hg HE&S At BgY HE Ak
A NEHIE Q) FellA AdEE e ALdA
g 7Hedty B =R A% AstgTh

HEALA] Bl SOLSTICEZ  Al4tslr] 914
SOLSTICE[16]& 3t &3t 7k Table 15
9} 2o, TransCostZ A4kt Axel A A
21gt A= Table 163 2T TransCost 82F
A4 Ay @A 157]9] A Bl§L 608
ddow FAHM, 194E 103] AAE3st 50
3] AL Al i EANE W82 301 HHoE
F4Hch SOLSTICEE 4498 48R4 43 &
AtAle] B &-E F5H7] AT BPEA APYAE
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Table 15. Input values for cost estimation using
SOLSTICE.

Factor | Value Note

Management & Product

M PA% 5.3% Assurance contribution as a'
percentage of the theoretical
first unit[16]

Design and Development

DD 5 |T1 Equivalent:
DD=3+ATRL=5
System Test Hardware
STH | 3.1 |T1 Equivalent:
DM(0.3)+EM(1.3)+PFM(1.5)[16]
D 0.9 |Learning factor[16]
C, 0.97 | Cost reduction factor[16]

fs 0.56 |Country productivity factor

Table 16. Estimated development cost, cost per launch
of the first flight model and average cost
per launch of the launchers (100M¥¥).

TransCost 8.2 SOLSTICE

Cost 1 50 1 50

flight |flights | flight | flights
Development | 22,874.4 - 1,698.3 -
- Stage 1 |11,205.9 1,135.0
- Stage 2 |11,668.4 563.3

Manufacturing | 470.4 | 159.5 | 2529 | 70.0

- Stage 1 306.0 53.8 | 191.3 30.4
- Stage 2 1644 | 105.7 | 61.6 39.6

Operating 137.5 | 141.1 | 108.8 | 118.0

CpF 607.9 | 300.6 | 361.7 | 188.1

WA e A e Ao
Fo SOLSTICEZ A4 H]
FA% Aduet e Aow

et 7] o
o] TransCost®
T}

ooy

4.3 Falcon 92] ol& 53+ AAREA] WA H]E- o=
AHAHE LA Y] AAG diAE B =
Zo] ARAA T, Falcon 9°] 20233 9¥71A 173
AALE AL AFEFoZH AAE TARA
AR dE JEE F= EHU7IE oA AY

e Aoz Helth 20204, Falcon 99 ZAA
o tislA =To] BAE Al Roscosmoss
AYPAA A Dmitry Rogozin SpaceX7} Falcon
< AA A 7 diE] 30% A= 9EdTial
el R 3, ool sl SpaceX®] Elon Musk&
Falcon 92 80% AEE AAEsI7] o 93
o] ol gtal st TH20]. 2020d FAl Falcon 99
A& $62M A L, 30% U BIATHE Dmitry
Rogozin®] Zo] 9thH Falcon 99 ARA AL
A AR B8 $62M ] 1.3H1]1 °F $80Mell 3
AL & 5 vk HEF A7)l SpaceXé]
WAL 53 (vehicle integration) FHAAHH
Christopher Coulurisx= A} AH-8- Falcon 95 A}
&g W oF $28M HE9 H|golW FESTHL
SFATH21]. ©] HIEE wWAE u AnA wAlA
ohH] AARE TARA S T B8 $28M/$80M
O 2A o 35%F=0l Fshs AR AdEHUT
T3, Muske 19| AA AL vl-8-2] 60%ll
WAL, 292 oF 20%8 %, Hol"FE ¢ 10%,
A B2 oF 10% F=eka oloprdith. =gk,
Elon Musk& Falcon 9& AAMSE of FHoigh
wE Al Wg-& $15M, IEla 19 R2EE
YA A st £28FHE H4 HES SIMS
2 AAstAe™, F28 A A Zagk H
£ FoE Hgo 10% RHoh woa syt
[21]. 4714 Musk7t 23 W&S S| E o,
F2E Bl 60%9 10%°]3Fet F 6%°]3}t<]
H|-go] F2H gHuH|Ao] Foi7tar, #Hojy o
ZHBA Blgo] mg Hra 3od, AR
A 20%SF EAHIS 10%E Fste] ¢F 36% ©l
sko] H]-go] AALG WAAS HGOoFE ARH
oa & 5 Atk o]AL olde| Christopher2}
Dmitry®] W-&ollA F33 35%° FAEE 3
€ ¢ 4 A9 T3S Falcon 99 AAEAI 9
A WG ARG TARA R A WA
2& v G(EA BIE9 20%)0leta & F
om $80M2]| 20% & $16M ©]EZ Musk”} o]k
713 $15M3} frAbsitial & = Sl

E3, Tory Bruno(United Launch Alliance]
CEO)< Falcon 9°] 9% AAM-E ALel] A 35}
Re o, 108 B= AAEsoF AAE EAA 7L

i oot oo
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A

ZAAHolgtn FA3H 2 22], Elon Muske
HAAR FxEle} FHojHo AALELR QA3 T
Aste gAA e ZasEe =7 40% ©l
slo)7] wjEol, tig 299 ng = HES A
HH Angdy AARE9] Hlgo] vlSER]a, 33
AN AAE EAA I v]go] FAF o}
A AAHolgtn sFATH21]. AAE Hlgo] &
24 w8 35% FEolgtE AES V&Y W
£ Bl & F AUyl wEe, 20200d FAl
Falcon 99 4R A H-E&S $80M(100%), 2
A AL B8-S $28M(35%)Et FThE 13
AAHE- B 23] A WAH G2 F 135%EHL
g Ak o] W, ARG IAA HAA T
S 100% 23 3FAS wf, AAE HAA FAA
T 2RAGY 60% olde A& ¢ dTal
or, B of 5% HEE HAAME d2
ATk JHAEIE, 13 LA BE2EE I
T OA AAE HE2EHE TAS d4Etd o
AAE 230 F 130%S FAL 4 Ao wet
A 23| A] gAE]E 135%°] "HAAE 130% A&
4 o= Z Elono] %3 AR AFH AAE v
o] &A= &EHI} yERYH, 35 LA A
ALg-o] 170%, BAA FZo] 195%=2 oY
Argol F4d] o]do] UeE AES AT
A TH(Table 17). whefA] AARGA] HAH] L2
29] 35%° Ptk AEC] olHd FA
2A gelo] A

Falcon 92 193} 29] F&Fo] Z+zh 4458

ofr
-

32 o
r

1V P

i)

Table 17. Cumulative payload and cumulative cost of
the Falcon 9 over flight.

u Falcon 9
Launch | Cost | Acc. cost | Payload Ace.
payload
1 100% 100% 65% 65%
2 35% 135% 65% 130%
3 35% 170% 65% 195%
4 35% 205% 65% 260%
5 35% 240% 65% 325%
6 35% 275% 65% 390%

116802 1¢o] F FF oF 78%, 21| %
o 20% A=A, BEF mgAIE ALE
g AAE BARAE 19 2ge] FEFe] Zbzh
20087 33.6ECRE 190 F ST oF 85%, 2
@ol & FHY 14% AE7F Hol 199 B &
g ¥ go] © v & F Aot wEkA 29

2P oz Wy 199 HojH & AL

©
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M7 ARE AALE BAA = AARE vl g g
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WAl TransCost 8.2 AME3I9 S W &A2A &

2 °F 607.99 Y (Table 15)%
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&2 ¢ 212899¥9°o® FFHArh SOLSTICEE
AL S W A4 17]9 HE oF 361.7Y9 0]
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