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Abstract; According to the multiple constraint coupling problem of conceptual vertical launch and
landing reusable rockets, the composition configuration was analyzed by studying the configuration,
the propellants and the propellant configuration. A preferred solution was proposed which was a two-
stage single cored configuration, with hydrogen/oxygen and Lox/methane propellants, and multiple
small or medium thrust engines. Moreover, the 5/7/9 parallel engines were selected as the optimal
configurations. The launch and transportation capacity were estimated using Zioukovsky formula. In
addition, the launch and transportation capacity were optimized, with first and second stage ratio an
optimization variable, which yielded the basic launch and transportation capacity for variant diameter
of rocket, propellants, and propellant configurations. By considering the slenderness ration, the fea-
sible conceptual design of two-stage single cored, odd parallel engines vertical launch and landing
reusable rockets were yielded.
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Table 1 The major configuration of the world’s reusable launch vehicle m
B HKHT LAl —2% Bl PO/ =2
Falcon 9 LSBT Oy ®3. 66x40. 9 — @3. 66x16 —
Falcon 9H [P E ST RN &L @3, 66x42. 6 d3. 66x42. 6 @3.66%12. 6
SuperHeavy Starship [N DIx68 — DIx50 —
Ariane Next [T MN d5.4 — d5. 4 —
Amur BTN @4. 1 — @41
New Glenn AR D7x57.5 — DTx23. 4 d7x21.9
S T
i I
3 ‘ 5
¢ LE [ |
E Tpigs ﬂ 1) f
B9 JBEER g IshRE BEEM PUEZNEXT paIfE/R
LEO22.8t LEO63.8t LEO45t IHhiEE A LEO150t GTOA4.5t LEO12.5t
GTO8.3t GTO26.7t GTO15t GTO21t SS0O4.1t LEO10.5t (R)
PREMER VSR R OERSIE EHAAGIAIE  #IRI2030% H%I20264

BETTTIN T R

E1

HRER/ EHEEEREHNE

Fig.1 The active / developing reusable launch vehicles of the world
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Table 2 The fuel types of the world’ s major reusable
launch vehicles
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Table 3 The engine layout of the world’ s major reus-
able launch vehicles
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Table 4 Prediction of maximum thrust of the foundation stage with different engine layouts
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launch vehicles
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Fig. 6 The orbital velocity of typical launch vehicles
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Table 5 The conceptual parameters of the launch vehi-
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Table 6 The first and second stage parameters of the launch vehicle
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Fig.7 The launch capacity with different stage ratios
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Fig.8 The slenderness ratio of typical launch vehicles
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Table 7 The maximum launch capacity and stage ratio with different engine layouts

B % 4200 mm 4% EL4% 5000 mm Fa %

g KL 72 3350 mm HyY 72 3800 mm %
o W RIERIE gy BTERIE gy GRERIE gy BTERIE
e 5 487 10.5 6.26 628 13.5 6.26 768 16.5 6.26 1087 23.4 6.26
k;%fﬂ? 7 682 14.7 6.26 879 18.9  6.26 1075 23.1 6.26 1522 32.8 6.26
9 605 3.0 6.26 778 16.7  6.26 952 20.5 6.26 1349 29.1 6.26
R 5 635 19.8 5.49 818 25.5 5.49 1001 3.2 5.49 1418 44.2 5.49
;ﬁ‘; 7 890 27.7 5.49 1146 35.7  5.49 1401 43.6  5.49 1985 61.8 5.49
9 789 24.6  5.49 1015 3.6 5.49 1241 38.6  5.49 1758 54.8 5.49
x8 AEBNGRETRIKAEL™
Table 8 The slenderness ratio with different engine layouts'®!
;A KL HA& 3350 mm 4% A% 3800 mm 4% H A& 4200 mm 4R BA% 5000 mm #4%
KM iR/ G R TR KAl MR KAl HESERIREL KR4I MR KAk
.5 449.5 17.9 579.6 15.8 708. 8 14.3 1003. 2 12.0
g:ﬁ 7 629. 4 23.8 811.3 21.0 992.2 19.0 1404. 7 16.0
9 558.4 21.5 718.0 18.9 878.6 17.1 1245.0 14.4
o 5 586. 1 27.0 755.0 23.8 923.9 21.6 1308. 7 18. 1
g; 7 821.4 36. 6 1057.7 32.3 1293.0 29.2 1832.0 24.5
9 728.2 32.8 936. 8 28.9 1145.4 26.2 1622.5 22.0
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