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The feasibility of deploying a satellite into orbit using a single-
stage-to-orbit (SSTO) vehicle has long been considered beyond
technological reach. Historically, various mathematical models
and equations have been proposed to demonstrate the theoretical
impracticality of SSTO systems. However, recent advancements in
aerospace technology have renewed interest in evaluating whether
current capabilities can support SSTO development. This study
comprehensively analyzes existing SSTO technologies and
assesses the technological advancements necessary to bridge the
gap between current capabilities and required performance
thresholds. A multi-disciplinary optimization (MDO) framework
was developed and validated, incorporating subsystem modeling
and a hybrid genetic algorithm—sequential quadratic programming
(GA-SQP) optimization approach. The optimized SSTO design
was then evaluated for feasibility. Despite identifying an optimal
structural configuration, results indicate that achieving SSTO
capability remains unattainable with current technological
maturity. A multi-disciplinary analysis (MDA) was conducted to
quantify the necessary advancements to determine the minimum
technology leaps required in propulsion, structural integrity, and
other critical subsystems. The results for each technological
domain are presented separately, highlighting the specific
advancements needed to realize SSTO feasibility.
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CORONA (RLV) concept
‘ Function Proposed SSTO vehicle
: Manufacturer  Makeyev Rocket Design
Bureau
Country of m Russia
origin
Size
Height 30m (98 )
Diameter 10m(33ft)
P Mass 30,000 kg (66,000 Ib)
g Stages 1
Launch history
Status development stopped
First stage
Diameter 10m(331)
Gross mass 30,000 kg (66,000 Ib)
, - | Fuel Liquid oxygen and liquid
hydrogen
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Fig. 1. View and specifications of one of the simplest concept
for SSTO, Corona.
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Fig. 2. A view of a concept design for SSTO[2].
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Isp Specific Impuls
T Trust
Mprop Fuel mass
Mtank-fuel Fuel-Tank mass
Mitank-ox Oxidizer-Tank mass
Ps Fuel density
Pox Oxidizer density
Psir Structure density
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1. Single Stage to Orbit
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2. TSTO(two stage to orbit)
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Fig. 3. Percentage of frequency of subsystems and areas of
study.
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4. Individual Discipline Feasibility
5. Collaborative Optimization
6. Bi-level Integrated System Synthesis
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[ Setting the mission and assumptions ]
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characteristics each class

Ultimate

Selectinga propulsion system based on input trust Trast
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Statistics

Mass Calculation and compilation of Propellant calculation and
validation structural information for two romyleljun for two stages
stages
and
convergence
check

Complete the mass-engine information, calculate the total
weight, and complete the information for the two floors and
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No Yes

Estimate the load factor of Calculate the speed of each stage
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Correct the
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Simulate the trajectory
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Fig. 4. The conceptual design of developed LV in this research.
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Table 1. Effective parameters of each subsystem in launch
vehicle design.

DISCIPLINE SYMBOL PARAMETER

Propulsion Isp Specific Impuls
Propulsion T Trust
Propulsion Mprop Fuel mass
Propulsion Miank-fuel Fuel-Tank mass
Propulsion Mtank-ox Oxidizer-Tank mass
Propulsion o) Fuel density
Propulsion Pox Oxidizer density
Structure Pstr Structure density
Structure (o} Strength
Structure O per Permited stress
Structure ) Thickness
Structure L Length
Trajectory AV Velocity
Trajectory Y Pitch angle
Trajectory to Vertical-flight duration
Trajectory t1 Seperation time
Trajectory 0, Seperation angle
Trajectory t2 Insertion time
Aerodynamic Cyq Drag coefficient
Aerodynamic Ci Lift coefficient
Release ho Initial height
Release Vyo Initial vertical-velocity
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Fig. 6. Input and output diagram of the aerodynamic subsystem
model.
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Table 2. Derived correction coefficients

Corre_zc_tion Detail
coefficient
1 n; Isp correction coefficient
2 ng Mass correction coefficient
3 n; lenght correction coefficient
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Table 3. Final correction coefficients.

Correction coefficient value
ng 3.2
n 1.23
n, 1.0
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Fig. 7. All-at-one framework for optimum conceptual design of
SSTO for existing technology.
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Table 4. Real and output values of designed LVs during the validation.

Real data Output after code validation
Launcher Name
Mer(TON) | Mo (TON) | MoATON) | Lrow(m) | Mer(TON) | Moy(TON) | Me(TON) | Lrota(m)
Ambassador 1 9.3 92 8.1 27 7.77 84 10.4 333
Falcon 1 1.8 27 4.65 21 1.35 26.9 4.7 18
Skylon 7.71 112 25 32.4 7 111.8 249 31.2
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Table 6. Weight coefficient values in the cost function of
optimal design of SSTO.

We!ght Value Constraint Details
coefficient
4 0.1 C1 Altitude error
W, 200 C2 Velocity error
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Table 7. Optimal design results for existing technology.

Elapsed Time | My, to | My R, T,
(%) (ton) | (s) | (ton) | (m) | (KN)
430.3 38.58 | 0 36.2 | 1.2 | 557.5
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Table 5. Design error value of 3 selected LVs using the
correction factors.

Launcher Error Error Error Error
Name Mer Mo Moz Lotal
Ambassador 1 20% 2% 1.5% 19%
Falcon 1 20% 1.3% 3.2% 0.5%
Skylon 19% 1.2% 2% 3%
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Design Variables:

T, Ruty g, B, ta

Minimize:
Total Mass = T I
: ] Rol R I B
Subject to: g
Height & velocity F -
. F
Flz
o Tea konsy L.l At
° 15p
— T |
“‘E L At
L M
I Structure
L e
.
‘ Pitch 0
program
= | L
B Vi, b | ’

Constant Parameters: ) ‘ ‘
Per22700; @, =310410%

| h=1; Myy=50: h,,=250000;

S5 Jobs sl AAD oo L don (s 5090 iz B9y wsz)le =V JSW
il Eydee 53 ik b adb

Fig. 11. All-at-one framework for optimum conceptual design
of SSTO for jump in release subsystem.
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Fig. 8. Height-time diagram of designed SSTO for existing
technology.
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Fig. 9. Speed-time diagram of designed SSTO for existing
technology.
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Fig. 10. Pitch angle graph of designed SSTO for existing
technology.
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Fig. 13. Velocity versus time graph for jump in release subsystem.
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Fig. 14. Pitch angle versus time in optimal design for jump in
release subsystem.
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Table 9. Constraint values and weighting coefficients for jump
in initial release height.

W1 W2 W3 Isp V (km/sec) H (km)

395 | 04 1.0 360 7.755 250
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Table 10. Optimal values of design variables for mutation in the
release subsystem.

T R Mp Ho to t Mo
(KN) | (m) | (ton) | (km) | (sec) (sec) (ton)
359 08 | 256 | 114.2 | 1435 | 0.335 | 27.38
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Fig. 12. Height time graph in optimal design for jump in release
subsystem
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Table 12. Optimal values of design variables for jump in
propulsion subsystem.

T R Mp Isp to t1 Mo
(KN) | (m) | (ton) | (1/sec) | (sec) | (sec) (ton)

545.5 | 092 | 17.75 | 3925 | 69 | 19.15 | 545.5
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Fig. 16. Altitude versus time graph of optimal design for jump
in propulsion subsystem.
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Fig. 17. Velocity versus time graph of optimal design for jump
in propulsion subsystem.
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Fig. 15. All-at-one framework for optimum conceptual design
of SSTO for jump in propulsion subsystem.
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Table 11. Constraint values and weighting coefficients to
examine the effect of jumps in the propulsion subsystem.

W1 w2 W3 V (km/sec) | H (km)

7.4 0.0004 10.0 7.755 250
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Table 13. Constraint values and weighting coefficients to
examine the effect of jump in structure density (density).

w1 W2 W3 V (km/sec) | H (km)

2.7 0,004 10.0 7.755 250
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Table 11. Optimal values of design variables for jump in
structure density.

T R M, p ty t M,
(KN) | (m) | (ton) | (km/m’) | (sec) | (sec) | (tom)

4410 | 1.0 | 224 | 762.0 | 410 | 23.2 | 441 | 3259
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Fig. 20. Height versus time diagram of optimal design for jump
in structure density.
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Fig. 15. Pitch angle versus time of optimal design for jump in
propulsion subsystem.
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Fig. 19. All-at-one framework for optimum conceptual design
of SSTO for jump in structure density.
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Fig. 23. All-at-one framework for optimum conceptual design

of SSTO for jump in structural strength.
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Table 15. Constraint values and weighting coefficients to
investigate the effect of mutation for jJump in structural strength.

W1 W2 W3 V (km/sec) H (km)

32 0.005 0.0001 7.755 250
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Table 16 Optimal values of design variables for jump in
structural strength.

T | R | M

(o)
N | | oy | M) | o) | e | oy |
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Fig. 21 Velocity versus time diagram of optimal design for jump
in structure density.
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Fig. 22. Pitch angle versus time in optimal design for jump in
structure density.
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Fig. 26. Pitch angle in optimal design for jump in structural
strength.
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Fig. 24. Altitude versus time diagram in optimal design for jump
in structural strength.
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Fig. 25. Velocity versus time diagram, in optimal design for
jump in structural strength.

Table 17. Results of jump in technologies to achieve the target orbit.

Mo 4 ol caa las)sld 5 s s — VY Jg-\é

Available Release(Ho) Spesiffic Structure structure deviation from
Technology S impulse density Strength available Tech. (%)
T(KN) 557.5 359 545 441 531 -
R(m) 1.2 0.8 0.92 1 1 -
M, (ton) 36.2 25.6 17.75 22.4 32.9 -
ho(km) 0 114.2 0 0 0 46%
Isp 325 360 392.5 325.9 314 21%
Pstr 2700 2700 2700 762 2700 72%
(kg/m3)
o, (Mpa) 310 310 310 310 821 165%
to(s) 0 14.35 6.9 41 7 -
My, (ton) 38.58 27.38 19.15 232 34.1 -
Mission Pass x v v v v




lad (g)gld g pole
Wiy 5ylosd M 5y5 AF-F Lo

&l

[1] F. Ghorbani, "Conceptual design and analysis of a
single-stage satellite up to SSOT orbit," M.S. thesis,
Malek Ashtar University of Technology, Tehran,
Iran, 2018, (in Persian).

[2] wikipedia, "Single-stage-to-orbit." wikipedia.org.
[Online]. Available:
https://en.wikipedia.org/wiki/Single-stage-to-orbit.

[3] A. H. Adami and F. Ghorbani, "Investigating methods of
sending medium-weight satellites by single-stage
launchers," in 17th International Conference of Iranian
Aerospace Society, Tehran, Iran, 2018, (in Persian).

[4] H. Yoshida, M. M. Micci, M. Nakane, K. Yamaguchi,
and Y. Ishikawa, "Integrated optimization for single-
stage-to-orbit using a pulse detonation engine,"
Journal of Spacecraft and Rockets, vol. 56, no. 4, pp.
983-989, 2019, https://doi.org/10.2514/1.A34341.

[5] O. Prakash and R. Singh, "Flight dynamics analysis
using high altitude & Mach number for generic air-
breathing hypersonic vehicle,” in AIAA Propulsion
and Energy Forum, (virtual event), 2021,
https://doi.org/10.2514/6.2021-3271.

[6] J. B. Vos, D. Charbonnier, A. Marwege, A. Guelhan, M.
Laureti, and S. Karl, "Aerodynamic investigations of a
vertical landing launcher configuration by means of
computational fluid dynamics and wind tunnel tests," in
AIAA SciTech Forum, San Diego, CA, 2022,
https://doi.org/10.2514/6.2022-1308.

[7] E. Sorto-Ramos, K. Seyed Alavi, and B.
Chudoba, "A parametric comparison of SSTO
and TSTO space access vehicle concepts,” in
AlAA Scitech Forum, Orlando, 2022,
https://doi.org/10.2514/6.2020-0549.

[8] X. Zhang, J. Feng, R. Mu, and J. Chen, "Feasibility
study on SSTO rocket with an initial velocity given
by EML," Journal of Spacecraft and Rockets, vol.
56, no. 1, pp. 241-247, 2019,
https://doi.org/10.2514/1.A33946.

[9] R. Pradeep et al., "Conceptual design and contour
optimization of altitude compensation nozzles for
SSTO vehicles," in AIAA Propulsion and Energy
Forum, (virtual event), 2020,
https://doi.org/10.2514/6.2020-3922.

[10] S. Sundaria, A. K. Bhagat, and V. S. Kumar, "In
silico studies on truncated aerospike nozzle with
optimum cowl length for single stage to orbit
vehicles," in 25th AIAA International Space Planes
and Hypersonic Systems and Technologies
Conference, Bengaluru, Karnataka, India, 2023,
https://doi.org/10.2514/6.2023-3105.

[11] J. Robinson, G. Culver, R. Bishop, and E. Bright,
"Life cycle analysis of a single stage to orbit (SSTO)

o g ) 03l L SSTO (b 3 9o (slagsyglid )3 5L 3590 i (s

@ bgye 5l 390 i Olie npieS WY e s elaly
S 4y Cal Wil ppdge 3 pogatte wps (5)ld
Dl B LS uke b (Lhle) l)l) Ghaley pgld > ik
Mo b ojl plSoctal &y (3late 35 ()9l ) ik Mo (il
y9ld G Lo Lo gyglid as ) a5 3905 B Wb .l ZVFD
)5 5 53 0ad S jpgody bajiehly plo g 039 drg5 300
plie ol opl ol cgr piio > 45 0y drps 5l ek Sl
ol JBe Jlo e 292 55 )50 39290 ()9l Jlade I (528
5 OBlrdn 4 bape e @iledinge B9y ) oile plowul

) 015 blod ol e,

(S 4545 g (SR>

eual ol jlodlatwl b g (pets dlgy (b a8 lanl 5 .cd S
Gyl ek basbl o 00,5 (o)liSaos (65l g ol o>
Ay ohb 4 GA-SQP  leangs I edlawsl 4 AAO
b 313y 9290 (slas sl aw L SSTO Jul> (e g550i>
UKA‘ gd..d)f Oy dL&:u»MJ rb.c).«.l.f- ol Cl)DLA.wI C;L.: u»l.w‘).:
D98 jedie de (5y9lid gaw b (gyteghs YO+ e 4 (ol
SSTO yolsale (b )5 55 )3 slas)ld U5 L gim p5 )
Clegdge L3)5))5 (w)p 3)90 e 4 pojlgale (e (Il
Ol g o3le (il g9dge (Jold 3u855 (pl )3 0Ad (o)
wps Jold g9i90 aw cnl lp 6y5ld Jlea Egeone 5>
b3l 2590 ialey g5l g o3le plSoxinl ol (JBs ¢ pogasce
P35 o blie AAD Cozle Sl po g €85 )18
J3y50 )5l3 e Oliee Sl bais)ysld 5l Sy sl cales
oobol e 23)5 il g gl Sl (6 ptegkS YO jlae 4y (pliws sl
£li)) sy Ll godse 3 SSTO oo cosd olysitl gl
TN Wil (il g9d9e 53 )l wiejls ZYS Gy eyl
5 VY o3l S (sl 0l 990 53 (o guate a1y 5 ol
bl a5 el (g5l sl 4 5L 750 ojle plSoial sl y
Conl o)l @905 o odel Candas @l I g o &S ol g Sl
Cundy & Comd GGPesS )l (pyteS ohag aps ke o
SSTO sl & olitod )3 y3b iy 1 5 03905 adllas 3520

Sy

&8le 2,
Lol 0is Gl Bl g bwss Ble o)l $oSoun


https://en.wikipedia.org/wiki/Single-stage-to-orbit
http://en.civilica.com/l/10571/
http://en.civilica.com/l/10571/
https://doi.org/10.2514/1.A34341
https://doi.org/10.2514/6.2021-3271
https://doi.org/10.2514/6.2022-1308
https://doi.org/10.2514/6.2020-0549
https://doi.org/10.2514/1.A33946
https://doi.org/10.2514/6.2020-3922
https://doi.org/10.2514/6.2023-3105

Sl gl Kial Lo e g ¢ o3l e ol o I i e ¢33 aabold

[23] P. Kolodziej and D. Rasky, "A V-2/atlas approach
to building SSTO launch vehicles,” in 41st
Aerospace Sciences Meeting and Exhibit, Reno,
Nevada, 2003, Art. no. 2003-658,
https://doi.org/10.2514/6.2003-658.

[24] D. E. Koelle, "Economics of small fully reusable
launch systems (SSTO vs. TSTO)," Acta
Astronautica, vol. 40, no. 2-8, pp. 535-544, 1997,
https://doi.org/10.1016/S0094-5765(97)00142-2.

[25] D. E. Koelle, "Cost analysis for single-stage (SSTO)
reusable  ballistic ~ launch  vehicles,”  Acta
Astronautica, vol. 30, pp. 415-421, 1993,
https://doi.org/10.1016/0094-5765(93)90132-G.

[26] V. Balochestani, S. Davoodabdi Farahani, and A. H.
Adami, "Feasibility of propulsion system for single-stage
orbital missions, "in First Regional Conference of
Mechanical Engineering, Isfahan, Iran, 2010, (in Persian).

[27] A. W. Wilhite et al., "Advanced technologies for
rocket single-stage-to-orbit vehicles,” Journal of
Spacecraft and Rockets, vol. 28, no. 6, pp. 646-651,
1991, https://doi.org/10.2514/3.26294.

[28] V. Balepin, M. Maita, and S. Murthy, "Third way' of
development of SSTO propulsion," in Space Plane
and Hypersonic Systems and Technology Conference,
Norfolk, VA, USA, 1996, Art. no. AIAA-96-4495-
CP, https://doi.org/10.2514/6.1996-4495.

[29] P. Hendrick and J. Vanderkerckhove, "Precompression
influence on S.S.T.O. performance,” in 5th International
Aerospace Planes and Hypersonics Technologies
Conference, Munich, Germany, 1993,
https://doi.org/10.2514/6.1993-5030.

[30] D. Schmidt and J. Velapoldi, "Optimum mission
performance and guidance for hypersonic single
stage to orbit," in Guidance, Navigation, and Control
Conference, San Diego, CA, USA, 1996,
https://doi.org/10.2514/6.1996-3904.

[31] J. L. Duparcq, E. Hermant, and D. Scherrer,
"Turbojet-type  engines for the airbreathing
propulsion of reusable winged launchers," in 41st
Congress of the International Astronautical
Federation, Dresden, Germany, 1990.
https://doi.org/10.1016/0094-5765(93)90068-8.

[32] F. Creta and M. Valorani, "Optimal shape design of
supersonic, mixed-compression, fixed-geometry air
intakes for SSTO mission profiles,” in 38th
AIAA/ASME/SAE/ASEE Joint Propulsion
Conference & Exhibit, Indianapolis, Indiana, 2002,
https://doi.org/10.2514/6.2002-4133.

[33]J. Jia, W. Chen, and Z. Wang, "Aerodynamic parameter
estimation  for launch  vehicles,” in  Autonomous
Trajectory Planning and Guidance Control for Launch
Vehicles, Z. Song, D. Zhao, and S. Theil, Eds.
Singapore: Springer Nature Singapore, 2023, pp. 201-
213, https://doi.org/10.1007/978-981-99-0613-0 7.

2lad (gy5ld g pole
Y Bylad VA Bygs VFF Lo /YA

reusable launch vehicle,” in 39th
AIAA/ASME/SAE/ASEE Joint Propulsion Conference
and Exhibit, Huntsville, Alabama, 2003, Art. no.
5264, https://doi.org/10.2514/6.2003-5264.

[12] R. Varvill and A. Bond, "A comparison of propulsion
concepts for SSTO reusable launchers,” Journal
British Interplanetary Society (JBIS), vol. 56, no. 3/4,
pp. 108-117, 2003.

[13] S. Salvi, C. Paravan, and L. Galfetti, "SSTO
reusable launchers: A critical comparison of
propulsion concepts,” in 9th European Conference
for Aeronautics and Space Sciences (EUCASS), Lille
Grand Palais, France, 2022, p. 31,
https://doi.org/10.13009/EUCASS2022-4914.

[14] L. F.Pozasand L. V. R. de Arruda, "A new approach
to integrate SSTO, MPC and RTO using online
identified models,” Journal of Control, Automation
and Electrical Systems, vol. 29, no. 5, pp. 566-575,
https://doi.org/10.1007/s40313-018-0397-4.

[15] R. He, P. Zhang, L. Liu, J. Wang, and D. Meng,
"Study on trajectory optimization for single-stage-to-
orbit space planes using gauss pseudospectral
method,” in 29th Chinese Control And Decision
Conference (CCDC), Chongging, China, 2017, pp. 5374-
5379, https://doi.org/10.1109/CCDC.2017.7979452.

[16] H. Eshaghnia, M. Nosratollahi, and A. Adami,
"Performance evaluation of a launch vehicle with
non-turbopump  propulsion system based on
multidisciplinary analysis (MDA)," Journal of Space
Science and Technology, vol. 14, no. 4, pp. 35-49, 2021,
(in Persian), https://doi.org/10.22034/jsst.2021.1278.

[17] D. O. Stanley and W. M. Piland, "Technology
requirements for affordable single-stage rocket launch
vehicles," NASA Langley Research Center, Hampton,
Virginia, Tech. Rep. 20040121139, 2004.

[18] D. C. Freeman, D. O. Stanley, C. J. Camarda, R. A.
Lepsch, and S. A. Cook, "Single-stage-to-orbit - A
step closer,” Acta Astronautica, vol. 37, pp. 87-94,
1995, https://doi.org/10.1016/0094-5765(95)00087-G.

[19] "Access to space study," Office of Space Systems
Development NASA Headquarters, Summary
Report. TM-109693,1994.

[20] J. Hunt, "Airbreathing/rocket single-stage-to-orbit
design matrix," in International Aerospace Planes and
Hypersonics Technologies Conference, Chattanooga,
TN, USA, 1995, https://doi.org/10.2514/6.1995-6011.

[21] C. Eldred, "Evolution of NASA rocket SSTO
concept,” in Space Programs and Technologies
Conference and Exhibit, Huntsville, AL, USA, 1994,
https://doi.org/10.2514/6.1994-4673.

[22] R. Norouzi, "Design of an airborne satellite carrier
with first-class reusability,” M.S. thesis, Malek
Ashtar University of Technology, Tehran, Iran,
2014.



https://doi.org/10.2514/6.2003-5264
https://doi.org/10.13009/EUCASS2022-4914
https://doi.org/10.1007/s40313-018-0397-4
https://doi.org/10.1109/CCDC.2017.7979452
https://doi.org/10.22034/jsst.2021.1278
https://doi.org/10.1016/0094-5765(95)00087-G
https://doi.org/10.2514/6.1995-6011
https://doi.org/10.2514/6.1994-4673
https://doi.org/10.2514/6.2003-658
https://doi.org/10.1016/S0094-5765(97)00142-2
https://doi.org/10.1016/0094-5765(93)90132-G
https://doi.org/10.2514/3.26294
https://doi.org/10.2514/6.1996-4495
https://doi.org/10.2514/6.1993-5030
https://doi.org/10.2514/6.1996-3904
https://doi.org/10.1016/0094-5765(93)90068-8
https://doi.org/10.2514/6.2002-4133
https://doi.org/10.1007/978-981-99-0613-0_7

4 / e gl g psle o g ) 03l L SSTO (b 3 9o (slagsyglid )3 5L 3590 i (s
V ylesd VA 593 AF-F Lo

2 5l 90 CleMbl &y a5 b Joda ol conl osal (b 935 (gl ()bl dols o 13 9350 sl ygige Slasin Joia gy (il

LS gSge M A b A;,J)é 5 odlatwl ly &bl anals cand 3 dg>g0 sl ygige Clasuin =Y Jado

Table 19. Specifications of existing engines list for use in multidisciplinary design optimization process.

Isp
. ThrustVac | Thrust Mass Isp
Engine KN (sl) kN Kg Engine Lengthm Propellants sec (Eélg) Country
RD-216 1745 1350 291
11D49 157 185 300
RD-301 96.67 19.6 183 1.89 LF2/Ammonia 400 Russia
RD-
108- 912 178.4 1278 2.86 Lox/Kerosene 308 | 241 Russia
8D75
RD-
81[?785_ 941 182.8 1250 2.86 Lox/Kerosene | 315 | 246 | Russia
1958
RD-
81E;)774 996 201.6 1155 2.86 Lox/Kerosene 312 | 254 Russia
1958
RD-
107- 992 205.4 1200 2.86 Lox/Kerosene 314 257 Russia
11D511
RD-100 304 267 885 3.7 Lox/Alcohol 237 | 203 Russia
"R'5105' 386.4 269 460 2.7 Lox/Kerosene 316 | 220 USA
"R'7105' 386.4 269 460 2.69 Lox/Kerosene 316 | 220 USA
RS-56-
OSA 386.4 269 460 2.7 Lox/Kerosene 316 | 220 USA
RD-101 404 363 888 3.35 Lox/Alcohol 237 | 210 Russia
1%:?& 500.1 432 867 3.221 Lox/Alcohol | 248 | 220 |  Russia
RD-106 645.3 519 802 4,75 Lox/Kerosene 310 | 250 Russia
RD-105 627.6 539 782 4.45 Lox/Kerosene 302 | 260 Russia
LR-87-3 733.9 647.9 839 3.13 Lox/Kerosene 290 | 256 USA
RD-111 1628 692.5 1492 2.1 Lox/Kerosene 317 | 275 Russia
LR-89-5 822.5 726 720 3.4 Lox/Kerosene 290 | 256 USA
LR-89-7 948 835.1 711.5 3.4 Lox/Kerosene 294 | 259 USA
H-1 947.7 836.2 635 2.13 Lox/Kerosene 289 | 255 USA
Ea'( 873 866.9 1433 2.8 Lox/Kerosene | 336 | 298 | Russia
RS-27A 1054.2 890.1 1091 3.78 Lox/Kerosene 302 | 255 USA
RS-27C 1054.2 890.1 1091 3.78 Lox/Kerosene 302 | 255 USA
RS-27 1023 915.5 1027 3.63 Lox/Kerosene 295 | 264 USA
Rg;f 1046.8 920.8 805 3.43 Lox/Kerosene | 209 | 263 USA
NK-43 1755 1247.8 1396 Lox/Kerosene 346 | 246 Russia
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Isp
. ThrustVac Thrust Mass Isp
Engine KN (sl) kN Kg Engine Lengthm Propellants sec (Eélg) Country
NK-33 1638 1510.2 1222 3.71 Lox/Kerosene 331 | 297 Russia
NK-15 1544 1526 1247 2.7 Lox/Kerosene 318 | 297 Russia
RD-170 7903 1887.5 9750 3.78 Lox/Kerosene 337 | 309 Russia
RD-171 7903 1887.5 9500 3.78 Lox/Kerosene 337 | 309 Russia
RD-180 4152 3828 5393 3.56 Lox/Kerosene 338 | 311.3 | Russia/lUSA
F-1 7740.5 6747.5 8391 5.64 Lox/Kerosene 304 | 265 USA
RD-183 9.8 60 1.15 Lox/LCH4 360 Russia
RD-160 19.6 129 1.7 Lox/LCH4 381 Russia
RD- .
161-1 19.6 119 1.7 Lox/Kerosene 360 Russia
RD- 19.9 141 2.21 Lox/Kerosene 365 Russia
161-2
1F§3[1)P 24.5 105 1.45 H202/Kerosene | 319 Russia
EBEI)\/_I 83.4 230 2.27 Lox/Kerosene 353 Russia
17D11 86.3 230 2.27 Lox/Kerosene 362 Russia
17D12 86.3 230 2.27 Lox/Kerosene 362 Russia
RD-58S 86.3 230 2.27 Lox/Kerosene 361 Russia
RD-
0242- 125 120 Lox/Kerosene 312 Russia
HC
RD-169 167 215 1.7 Lox/LCH4 351 | 309 Russia
RD-185 179 415 3.3 Lox/LCH4 378 Russia
RD-
0245- 214 290 Lox/Kerosene 320 Russia
HC
5124 294.3 480 1.575 Lox/Kerosene 359 | 331 Russia
51?0 297.9 408 1.58 Lox/Kerosene 326 Russia
RD-134 343 540 1.6 Lox/Kerosene 357 Russia
RD-167 353 570 1.6 Lox/LCH4 379 Russia
NK-31 402 722 Lox/Kerosene 353 Russia
NK-39 402 631 Lox/Kerosene 352 Russia
RD-
0234- 442 390 Lox/LCH4 343 | 310 Russia
CH
RD-
0234- 516 390 Lox/Kerosene 331 | 310 Russia
HC
RD-
0210- 592 570 Lox/Kerosene 342 Russia
HC
RD-
0244- 690 540 Lox/Kerosene 332 Russia
HC
RD-
0256- 820 770 Lox/Kerosene 344 Russia
HC
RD-120 833 1125 3.872 Lox/Kerosene 350 Russia
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Isp
. ThrustVac | Thrust Mass Isp
Engine KN (sl) kN Kg Engine Lengthm Propellants sec (iélg) Country
RD-
0256- 836 770 Lox/LCH4 353 Russia
Methane
138;/' 850.4 1080 2.435 Lox/Kerosene | 331 | 3044 | Russia
RD-182 902 1500 2.8 Lox/LOX/Methane | 353 | 316 Russia
RD-
8}30785 941 1250 2.86 Lox/Kerosene 315 | 248 Russia
1959
RD-
108- 977 1230 2.86 Lox/Kerosene 316 | 251 Russia
8D727
RD-
107- 996 1155 2.86 Lox/Kerosene 313 | 256 Russia
8D74- '
1959
RD-190 1000 1470 1.7 Lox/LCH4 351 309 Russia
RD-
0120- 1576 2370 Lox/LCH4 363 Russia
CH
NK-15V 1648 1345 2.34 Lox/Kerosene 325 Russia
RD-
0120M- 1720 2600 Lox/LCH4 372 Russia
CH
RD-191 2079 3230 4.05 Lox/Kerosene 337 | 311 Russia
RD-192 2138 3300 4.05 Lox/LCH4 356 | 330 Russia
RD-172 8354 11703 3.78 Lox/Kerosene 337 | 311 Russia
1&:1 66.7 1.569963 131 Lox/LH2 425 | 10 USA
RL-10 66.7 1.6274006 131 Lox/LH2 410 10 USA
HM7-A 61.7 42.9 149 1.71 Lox/LH2 443 308 France
HM7-B 62.7 43.6 155 2.01 Lox/LH2 446 310 France
RL-
10A-5 64.7 54.8 143 1.07 Lox/LH2 373 316 USA
RL-
10A- 100.488 88.926 145 1.194 Lox/LH2 398 352 USA
5KA
LH2-
80k 355.7 256.1 1438 Lox/LH2 425 306 USA
J-2 1033.1 486.2 1438 3.38 Lox/LH2 421 200 USA
J-2-SL 996.7 729.3 1360 Lox/LH2 390 275 USA
Vulcain 1075 773.2 1300 3 Lox/LH2 431 | 326 France
LE-7 1078 843.5 1714 3.4 Lox/LH2 446 349 Japan
V”'an'” 1300 939.5 1800 35 Lox/LH2 434 | 318 France
RD-701 | 4003 1406.1 3670 5.7 Lox/ ﬁ‘z’se”” 415 | 330 | Russia
cl):{ltz)o 1961 1517.1 3450 4.55 Lox/LH2 455 359 Russia
RD- .
0120M 1961 1517.1 3450 4.55 Lox/LH2 455 372 Russia
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Engine ThrustVac [ Mass Lengthm Propellants Isp (éSE) Countr
g KN (sl) kN Kg Engine g b sec séc y
RD-704 | 1966 1720.1 2422 3.81 Lox/ feHrgse”e/ 407 | 356 | Russia
SSME 2278 1817.4 3177 4,242 Lox/LH2 453 363 USA
STME 2890 2450.3 3600 3.86 Lox/LH2 431 | 365 USA
SS‘I'L"SE 37287 | 30739 2073 Lox/LH2 467 | 385 USA
Plug-
Nozzle 3728.7 3167.4 2973 Lox/LH2 485 412 USA
SSME
M-1 5335.9 3864.8 9068 7.72 Lox/LH2 428 | 310 USA
YF-73 11 236 Lox/LH2 425 China
RD- .
0126 39.2 320 2.6 Lox/LH2 476 Russia
HM-10 61.8 145 Lox/LH2 443 France
RL-
10A-3 65.6 131 2.49 Lox/LH2 444 USA
RD-56 69.6 282 2.14 Lox/LH2 462 Russia
RL-
10A-3A 73.4 140.589569 1.78 Lox/LH2 444 USA
RL-
10A-4 92.5 168 2.29 Lox/LH2 449 USA
RL-
10B-X 93.4 317.460317 Lox/LH2 470 USA
RD- .
0126A 98 340 2.73 Lox/LH2 476 Russia
RD- .
0128 98 370 4,175 Lox/LH2 474 Russia
RD- .
0131 98 350 2.2 Lox/LH2 467 Russia
RD- .
0132 98 370 1.38 Lox/LH2 469 Russia
RD- .
0133 98 390 1.43 Lox/LH2 467 Russia
RL-
10A-4-1 99.1 167 Lox/LH2 451 USA
RL-
10A-4-2 99.1 167 Lox/LH2 451 USA
LE-5 103 245 2.67 Lox/LH2 450 Japan
RL-
10C-X 110.8 317.460317 Lox/LH2 450 USA
LE-5A 121.5 242 2.67 Lox/LH2 452 Japan
LE-5B 137 269 2.784 Lox/LH2 447 Japan
RL-10C 155.7 317.460317 Lox/LH2 450 USA
MB-35 156 345 2.21 Lox/LH2 467 Japan
MB-60 266.7 591 3.3 Lox/LH2 467 Japan
RL-60 289.1 499 Lox/LH2 470 USA
RL-50 290 500 Lox/LH2 472 USA
RD-57 392 840 3.66 Lox/LH2 457 Russia
RD- .
57A-1 395 550 3.148 Lox/LH2 460 Russia
RD- .
57M 397 874 4.06 Lox/LH2 461 Russia
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LE-7A 1098 1800 3.67 Lox/LH2 438 | 338 Japan
J-2S 1138.5 1400 3.38 Lox/LH2 436 USA

RS-68 3312 6597 Lox/LH2 420 | 365 USA
RD-119 105.5 65.6 168 2.17 Lox/UDMH 352 | 220 Russia
RD-109 101.6 210 2.28 Lox/UDMH 334 Russia
RD-112 1089 790 2.6 Lox/UDMH 344 | 304 Russia
RD-113 1138 1100 4.2 Lox/UDMH 360 Russia
RD-114 1653 990 2.6 Lox/UDMH 341 | 307 Russia
Kestrel 36 52 324

Merlin 385 470 306
RD-115 1726 1250 5 Lox/UDMH 357 Russia






