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Abstract 

This article studies the global dimensioning of a manned mission in the atmosphere of Venus using existing or 

available technologies in the short term. A manned atmospheric base will allow the maintenance and direct control of 

atmospheric and surface equipment as well as sample analysis in the laboratory. thereafter, it will be the base camp 

for the manned surface expeditions throughout the equator. From a technical and human point of view, this would be 

a formidable challenge which would allow to carry out an interplanetary mission and catalyse the development of 

technologies usable on earth and for the future of space exploration. This project is therefore based on technologies 

studied for the exploration of Mars, which presents similar constraints in terms of mission duration, composition of 

the crew, transit in deep space and use of atmospheric CO2. The structuring choices of the project are a crew of 6 

members, Hohman interplanetary trajectories, the use of in-situ resources, mainly chemical propulsion and existing 

or developing orbital launchers. These choices can be reviewed in future optimizations that do not fall within the 

scope of this global sizing study. It studies the different architecture of the Venus ascent vehicle and atmospheric 

base, the assembly and / or supply of the transit vehicle in different orbits, and the number of orbital launchers used 

according to their capabilities. Reuse options are studied to lower the cost of successive missions. It is concluded that 

a mission of 6 crew members in the Venusian atmosphere is possible in the short term with two starship supply 

around ten times, 3 to 5 super heavy launchers CZ-9 / SLS bloc1B / SLS bloc2 / Yenissei or around twenty heavy 

launchers Ariane 6.4 / CZ-5 / Delta IV heavy / Falcon heavy / H3 heavy / New Glenn / Vulcan. 
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Nomenclature 

∆V : speed increment 

k: structural index (dry mass / total mass) 

Ve: Exhaust speed 

 

Acronyms/Abbreviations 

• Atmospheric ExtraVehicular Activity (AEVA) 

• Deep Space Habitat (DSH) 

• Entry Descent Landing (EDL) 

• Entry Descent Stabilisation (EDS) 

• Electrical Propulsion (EP)  

• In-Situ Propellant Production (ISPP) 

• In-Situ Resource Utilization (ISRU) 

• Liquid methane (LCH4) 

• Liquid Hydrogen (LH2) 

• Low Earth Orbit (LEO) 

• Low Venus Orbit (LVO) 

• Liquid OXygen (LOX) 

• Mars Ascent Vehicle (MAV) 

• Nitrogen TetrOxide (NTO) 

• PayLoad (P/L) 

• PolyTetraFluoroEthylene (PTFE) 

• Reaction Control System (RCS) 

• Synthetic Aperture Radar (SAR) 

• Trans Earth Injection (TEI) 

• Trans Mars Injection (TMI) 

• Trans Venus Injection (TVI) 

• Unsymmetrical DiMethylHydrazine (UDMH) 

• Venus Ascent Vehicle (VAV) 

• VEnus STabilized HABitat (VESTHAB) 

• Venus Manned Mission (VMM) 

• See §3.1 for trajectory 

• See appendix 1 for orbit 

 

1. Introduction 

In terms of Sun distance and composition, Venus is 

quite close to Earth, thus requiring only a moderate ∆V 

from Earth orbit. However, its robotic exploration is less 

extensive than other close destinations and manned 

mission almost not considered. At first glance, this can 

be explained by the harsh surface conditions (9 MPa 

pressure, 470°C temperature) leading to a very difficult 

probe design. However, near 50 km altitude, in the 

cloud layer, pressure and temperature conditions are 

similar to Earth ones, thus leading to a much simpler 

design. In addition, the local gravity is close to Earth,  

one a very important factors for a manned mission. 

Atmospheric mass is a very efficient protection against 

ionising radiations. 

The aim of this project is to provide a global estimate of 

near-term Venus Manned Mission (VMM). The crew of 

six, performing a two years mission, would be the 

spearhead of a scientific, technical and human 

endeavour. 

A scientific one, as Venus is very close of Earth in 

terms of size and composition. These two planets would 

logically have evolved in similar ways, but this is not 

the case.  It is very important to understand why Venus 

evolved to become the actual inferno. This 
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understanding could be applied to analyse the risk of a 

similar Earth fate. The accumulated knowledge may 

also allow to distinguish among exoplanets Exo-Earth 

and Exo-Venus. 

An equatorial manned base would be an exceptional 

research accelerator. The scientists would analyse the 

clouds layers structures and the landscape on ground 

(possibly by SAR or trailer imager under the clouds). 

The human presence provides the possibility to control 

atmospheric drones, surface rovers, maintain and 

refurbish instruments and perform on site samples 

analyses. At longer term, Atmospheric "diving" suit for 

surface exploration can be considered.  

On the technical point of view, this mission is today 

barely possible and presents a number of issues. Some 

aspects, like interplanetary flight and use of atmospheric 

CO2, are already studied for Martian projects. The 

protection against acid clouds or the sizing of an 

autonomous launcher as large as its terrestrial 

counterpart are exclusively Venusian. The closed loop 

life support and the exploitation of atmospheric CO2 

may have also terrestrial applications. The autonomous 

operation of a large launcher in Venusian atmosphere 

may also lead to a simplification and cost reduction of 

terrestrial ones. The spacecraft sizing is performed using 

existing technologies and launchers or launchers under 

development. 

On the human point of view, a human mission to 

Venus will help anybody to imagine to be a member of 

the crew. This will create a proximity and Media appeal 

far more important than for a robotic mission. As it has 

been observed after Apollo, such a project would attract 

new generations to scientific and technical studies in 

order to tackle the ongoing mankind challenges. Such a 

mission may open the way to Venus permanent human 

presence. Even if the lack of permanent access to 

ground may be confusing, other aspects are interesting: 

terrestrial atmosphere being lighter than Venusian one, 

it is possible to create air filled balloons offering a very 

large volume to crew with unobstructed view to 

landscape. 

From the Venusian atmosphere and aerosols, it is 

possible to perform chemical operations such as ISPP 

(In-Situ Propellant Production) and atmosphere 

regeneration. 

 

2. Mission sizing 

The sizing is dictated by the following choices: 

The maximum crew size is 6. This is extrapolated 

from previous Manned Mars mission studies with crews 

of 3 to 6 [1][2]. The upper limit is taken to enhance the 

project robustness. 

Hohmann orbits are selected in order to minimise 

V requirements. This choice induces a long trip time 

hence a higher mass of the DSH. The cross optimisation 

of DSH mass and launcher mass versus trip time is 

beyond the scope of this study. The Hohmann orbit 

selection leads to a conjunction mission with a total 

duration of two years, each interplanetary trip having a 

5 months duration. 

The planetary habitat (VESTHAB) is located at 55 

km altitude and 0.6 bar pressure. It is lifted by a balloon. 

This choice is dictated by the passive characteristic of 

the device, contrary to hot gas balloon. The lifting gas is 

hydrogen. It is preferred to helium as it is easier to 

liquefy and maintain to the liquid state during 

interplanetary flight. In addition, it can be extracted 

from sulphuric acid to compensate for possible leaks. At 

the local temperature and pressure, there is no risk of 

CO2 / hydrogen reaction. 

The DSH and the VESTHAB are distinct for mass 

reduction purposes. A capsule is designed to make 

transfers between space and atmosphere. its mass should 

be as small as possible to reduce the mass of the Venus 

Ascent Vehicle (VAV). At least a part the VAV 

propellants are produced in-situ. For the same reason, 

the VAV capability is limited to LVO. A space tug may 

be used to transfer the capsule from LVO to HVO. 

 

3. Orbital mechanics 

3.1 Trajectories 

Bearing in mind the low eccentricity of Earth and 

Venus orbits, the ∆V and transfer times are quite similar 

from one conjunction to another. The average duration 

of a Hohmann transfer (Earth - Venus or Venus - Earth) 

is 146.1 Earth days. Conjunction period is 583.93 Earth 

days. 

Three trips are considered in this study: 

EVD: Earth Venus Direct: Half Hohmann orbit from 

Earth to Venus. The trip duration is 146.08 days, 

departure occurring 87.64 days before conjunction and 

arrival 58.437 days after. 

VED: Venus Earth Direct: Half Hohmann orbit from 

Venus to Earth. The trip duration is 146.08 days, 

departure occurring 58.437 days before conjunction and 

arrival 87.64 days after. 

EVI: Earth Venus Indirect: The spacecraft departs 

from Earth and effects one and half Hohmann orbit. The 

V is identical. The only interest of this procedure is to 

enable a launch outside the EVD launch window. The 

trip duration is 423.24 days, departure occurring 265 

days before conjunction and arrival 175 days after. 

 

3.2 Other orbits used 

In addition to the interplanetary orbits, the vehicles 

used in this mission will share several orbits: 

LEO (300 * 300 km), high elliptical terrestrial orbit 

(HEO) 300 * 334,000 km, Low Venusian Orbit (LVO) 

300 * 300 km, and two Venusian high orbits (HVO). 

HVO_arrival presents a periapsis compatible with the 

EVD arrival. HVO_departure provides a periapsis 

argument compatible with the VED orbit. The 
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arguments are separated by 93.95°. The details of orbits 

and V are given in appendix 1. 

 

4. Propulsion Technology state of art 

4.1 Chemical propulsion Elements  

For accelerations larger than 0.1g, chemical 

propulsion is used. 

The propulsion modules are sized using present 

chemical propulsion techniques and stages capabilities. 

Three propellant combinations are considered. 

 

Table 1. Chemical propulsion sizing parameters 

 UDMH/NTO LCH4/LOX LH2/LOX 

K 0.070 0.0825 0.107 

Ve vac 

(m/s) 

3,271 3,728 4,504 

Ve SL 

(m/s) 

2,779 3,237 3,550 

Ve vac: Vacuum exhaust speed. 

Ve SL: Sea level exhaust speed. It is considered 

identical at 55 km altitude in Venusian atmosphere. 

 

4.2 Electric propulsion Elements 

In order to be realistic, only existing electric 

propulsion techniques are used, for V of some hundred 

m/s and durations of some months. It will be used for 

periapsis argument shift. The sizing is based on the 25 

cm XIPS ion thruster [3] (see table 2). The xenon tank 

structural index is identical to the NSTAR xenon tank 

[4]. 

Table 2. Electric propulsion module sizing parameters  

Exhaust speed (m/s) 34,825 

Specific power (W/N) 25,760 

Engine specific mass (kg/N) 83.03 

PPU specific mass (kg/N) 129.1 

Xenon tank Structural index (kg/kg) 0.09705 

Solar panel specific power (W/kg) 200 [5] 

 

4.3 launchers 

In order to avoid the development of a launcher 

dedicated to this mission, the mission design is based on 

existing launchers or launchers under development. The 

data, provided by the manufacturers or the developers, 

are grouped by performance capability. The TVI 

performances are almost never published, they are close 

to the TMI ones. TMI requires generally 100 m/s more 

than TVI, which can be translated in a payload margin 

of 3.5% for all payloads to be launched toward Venus.  

 

Table 3. Launcher payload versus category (in tons) 

CAT LEO TMI Examples 

1 130 43 -CZ-9 (China)* 

-SLS block 2 (USA)* 

2 105 33 -SLS block 1B(USA)*  

-Don (Russia)* 

3 95 21 -SLS block1 (USA)*  

-Yenisei (Russia)* 

4 63,8 16,8 -Falcon heavy* consumable 

(USA) 

-Vulcan aces (USA)* (except 

LEO) 

5 25 7,75 -Ariane 6.4 (EU)* 

-Ariane 5 (EU) 

-CZ-5 (China) 

-Delta IV Heavy (USA) 

-Falcon heavy reusable (USA) 

-H3 heavy (Japan)* 

-Angara A5 (Russia) 

-New Glenn reusable (USA)* 

-Vulcan-Centaur (USA)* 

6 10 N/A -Ariane 6.2 (EU)* 

-Atlas V (USA) 

-CZ-2F(China) 

-CZ-7(China) 

-Falcon 9 reusable (USA) 

-H3 (Japan)* 

*Under development or in project as of March 2021 

 

4.4 Starship/super heavy 

Foreword: this paragraph is based on the SpaceX 

claims and estimates. The following data are used:  

Table 4. Starship Characteristics used in this project 

 Dry 

mass 

(t) 

Propellant 

capacity 

(t) 

Exhaust 

speed 

(m/s) 

Propellant 

required 

for a zero-

payload 

landing (t) 

Starship 120 1,200 3,738 13.5 

Super 

heavy 

180 3,400 3,237 24 

Three types of Starships are defined: an inhabited 

one described in in § 5.2.1, a refuelling one and a cargo 

one, described in the following chapters. 

 

4.2.1 Refuelling Starship  

The Refuelling Starship is used to provide propellant 

to other Starships in LEO. Propellant is essentially 

housed in the fairing and the rest excess propellant 

contained in main tanks. 

 

 

 

 

 

Table 5. Refuelling Starship mass Budget 

Payload 

(Propellant+ 

tanks) (t) 

Unused 

propellant 

(t) 

Transferable 

propellant (t) 

99.2 95 186 
    

 Mf(t) Mp(t) ∆V(m/s) 
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Starship 327.7 1,091.5 5,464 

Super heavy 1,623.2 3,376 3,642 

∆V total (m/s)  9,106 

Mf: mass after propulsion 

Mp: Propellant mass  

 

4.2.2 Starship cargo 

The desired Starship payload is 74 or 50 tons in TVI. 

In order to improve the Starship reusability, its payload 

is delivered in HEO. A propulsion module will perform 

the injection in TVI. The cargo will return to Earth after 

one orbit. The Starship / superheavy is not sufficiently 

powerful to inject the payload in HEO. It will reach 

LEO, and be resupplied by a Refuelling Starship. 

 

Table 6. Cargo launch in TVI (all masses in tons) 

  74t in 

TVI 

50T in 

TVI 

Remark 

Block 

TVI 

Me 9.1 6.15 ∆V=376m/s 

See §4.1, 

hypergolic 
Mv 0.68 0.46 

P/L Starship 83.78 56.61 P/L TVI + 

block TVI 

Mp Starship 

LEO=>HEO 

281.9 246.5 ∆V=3,100m/s 

Mp refueller 

in LEO 

184.8 125.4 Compatible 

with a single 

refueller 

 

 

5. Space segments 

5.1 Space segments Sizing 

5.1.1 Capsule 

The capsule is the spacecraft housing the crew 

during the EDS (Venus) et potentially EDL (Earth) 

phases. It is also used as a cabin and escape during the 

Venusian launch (and potentially from Earth). 

It is devoid of any service module as it is normally 

attached to another module (DSH, tug) except during 

atmospheric entry phases. If it is launched from Earth 

with crew, it will receive a service module, jettisoned 

after docking to the DSH in LEO. 

The capsule sizing is extrapolated of the manned 

MAV of the NASA Mars mission reference project for a 

crew of 6 [1]. 

The capsule is lifted in Venus atmosphere by six 

spherical balloons, as only four are required to provide 

the required lift. Each balloon will have a diameter of 

15.5 m. The balloon membrane will have a surface 

density of 60 g/m2. Earth bound balloons use a thinner 

material (30 g/m2). The margin takes into account the 

need for a protective coating against acid clouds. 

Hydrogen is stored in liquid state. A gas generator, 

similar to the ones used to feed rocket engines 

turbopumps, working with liquid oxygen and hydrogen, 

is used to heat hydrogen to ambient temperature during 

balloons inflation (see chapter 6.2). 

The lifting system could be used also for the return 

to Earth. 

The capsule includes an electrically supplied 

propeller able to provide a 5 m/s speed in Venus 

atmosphere. 

 For the EDS and EDL phases, an aeroshell and RCS 

are required. The mass budgets of these elements are 

increased w. r. t. the elements given in chapter 6.2, in 

order to increase the crew safety. 

 

Table 7. Capsule mass budget 

Elements Mass 

(kg) 

Note 

Payload 1,053 Crew and cargo 

Structure 1,858  

Capsule 

Equipment  

1,366 C&DH, GN&C, C&T, 

Power, Thermal, ECLSS, 

EVA, human factor [1] 

balloon 279 6 balloons 15.5m diameter 

H2  574 Inflation gas, including 

storage 

H2 

heating 

292 Gas generator and propellant 

including storage  

Propulsion  142 Solar Panel, engine and 

propeller 

RCS 500  

Aeroshell 1,000  

Design 

margin 

800 10% of total mass  

Total 8 000  

 

5.1.2 DSH 

The DSH (Deep Space Habitat) houses the crew 

during the Earth – Venus and Venus – Earth cruises. It 

could be also used as a backup shelter in case of 

atmospheric habitat failure. 

In order to determine a realistic mass, the DSH sizing is 

based on NASA studies on Mars manned DSH [1]. 

These studies take into account all foreseeable aspects 

of such habitat with design margins enabling a robust 

sizing. These studies lead in first approximation to the 

determination of affine functions depending on crew 

size and operating time. The function for six passengers 

is given by the following formula: 

 

DSH Mass= 17,101+28.234D (in kg) (1) 
With D: operating time in earth days 

In this mass, 1.4 kg of consumables (mainly food, 

hygiene products) are ejected as waste in space each day 

for each crewmember. 

 

Table 8. Eliminated consumable masses 

Phase Duration Vented 
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(Days) consumable 

Mass (in tons) 

Earth -Venus transit 146 1.227 

Stay on Venus 467 3.823  

Venus- Earth transit  146 1.227 

Total 759 6.377 

These consumables are subtracted from the DSH 

mass during the cruise. For a six members crew, the 

following consumable masses are given for each 

mission step. 

The rest of DSH mass is defined as a fixed mass 

remaining till the end of the mission. It includes the 

structure, equipment, fittings and some consumables not 

to be eliminated as tooling, spare parts, science 

equipment or recreational items. 

In order to compute the fixed mass of DSH, an 

equivalent duration of the mission is defined affecting 

each flight phase of a coefficient. The interplanetary 

cruise periods are affected of a “1” coefficient as the 

DSH is fully used. The orbiting periods around Venus 

are affected of a “0.25” coefficient, as it is not foreseen 

to be occupied at this time. It could be only used a 

backup solution if the capsule becomes unusable. The 

DSH could be used in a downgraded mode with a 

sojourn quality inferior. The consumables are not 

affected by this coefficient. 

 

Table 9. DSH fixed mass computation 

Phase Occupancy 

Coefficient 

Durée 

(days) 

Earth -Venus transit 1  146 

Stay on Venus 0.25 467 

Venus- Earth transit 1 146 

Mission equivalent 

duration (days) 

 409 

 DSH fixed mass (t) 25.21 

 

5.1.3 Space tug 

The space tug is the propulsive module used to put the 

capsule in Venusian orbit from LVO to HVO. In 

addition, the space tug is sent to Venus with an 

aeroshell and an RCS propulsion module to put itself in 

LVO by aerocapture. It can be launched in TVI from a 

Category 4 launcher (table 3). 

 

Table 10. Space tug mass breakdown 

Element Mass 

(kg) 

Note 

Propulsion 

Module 

dry mass 

921 See §4.1, hypergolic 

Propellant 

mass 

12,610 V = 2882m/s with capsule, 

see §4.1 

Aeroshell 1,640  Jettisoned after LVO, see 

§6.2 

RCS 410 Aerocapture control and 

orbit circularisation,  

see §6.2 

Design 

margin 

780 5% of final mass 

Total 16 360  

5.2 Space train 

The space train includes the DSH, the capsule and 

propulsive elements required for the Earth – Venus 

round trip. Here are listed the different steps: (E1) TVI 

injection from the assembly orbit, (E2) Earth - Venus 

transfer, (E3) capture around Venus with a parking 

orbit, (E4) Waiting around Venus. If the parking orbit is 

HVO, the train will be required to change its periapsis 

argument to aim the transfer to Earth. (E5) TEI from the 

parking orbit, (E6) Venus - Earth transfer, (E7) Earth re-

entry, either direct or capture and on a parking orbit 

before re-entry. 

Three train architectures are selected, depending on 

launcher selection and the aim to reuse some elements. 

 

5.2.1 Starship use as space train  

It is proposed to study the Starship role as the main 

element of the space train. Putting the whole Starship in 

Venus atmosphere is clearly too complex. It will be 

used only to ferry the crew to the DSH from Earth, 

during transfers and during final landing on Earth. It 

will also ferry the capsule for the Venus stay. 

The propellant mass computations show that a 

Starship (as defined in chapter 4.3) with propellant 

supplied in LEO, would be able to perform a TVI from 

LEO (E1), to be captured on Venus (E3), modified 

periapsis argument of HVO (E4) perform a TEI from 

HVO (E5) and back on Earth (E6).  

 

Table 11. Propellant mass computations for the 

successive phases of the mission  

Phase Payload Payload 

mass (t) 

Mp 

(t) 

∆V(m/s) 

LEO =>TVI Crew, DSH, 

capsule, 

consumables 

(round trip) 

39.59 824.7 3478 

TVI 

=>HVO 

Crew, DSH, 

capsule, 

consumables 

(on site and 

return) 

38.36 60.4 448 

Periastre 

modification 

Crew, DSH, 

consumables 

(on site and 

return) 

31.41 70.7 613 

HVO =>TEI Crew, DSH, 

capsule, 

consumables 

return 

27.49 53.1  448 
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Earth 

capture 

+EDL 

Crew, DSH 26.26 131.1 1,415 

Reserve 

(5% of 

propellant) 

Crew, DSH 26,26 60 885 

To put the Starship in LEO, 1039 tons of propellant 

are necessary. They have to be refilled before the trip to 

Venus. Six Refuelling Starships are required (see 

chapter 4.4.1). A CAT4 launcher is needed to send the 

space tug in Venus orbit for transfer of capsule between 

LVO and starship in HVO. The round-trip scheme is 

shown in appendix B. 

 

5.2.2 2 Expendable train case 

The objective is to size the minimum train size 

(without Starship use). This implies some choices: 

LEO assembly: the CAT 1 launchers are not able to 

launch the whole train (see computations below) which 

lead to a preliminary assembly. The LEO assembly 

choice helps to simplify the access and to benefit from 

the ISS experience (operations). However, this implies 

the use of a large propulsion module to reach TVI. 

The capsule is added to the train during Earth – 

Venus cruise: This avoids the need for a Venus orbit 

rendezvous with a capsule launched in advance. This 

capsule may be used to transfer the crew form Earth to 

the train. 

Waiting in HVO: the train will not reach LVO but 

will remain in HVO between arrival and departure. This 

helps to reduce the V at arrival and departure. This 

implies to modify the periapsis argument. 

Direct return with capsule: at end of Venus – Earth 

cruise, the crew will use a capsule to return directly to 

Earth. This allow to get rid of a propulsion module to 

perform Earth capture. On the other hand, this means 

that the DSH will be lost (either destroyed in 

atmosphere or lost in solar orbit).  

 

In order to get a robust project, foreseeable in short 

term, only existing propulsion techniques are 

considered. Electric propulsion (EP) is used only for 

periapsis argument as V is less than 1 km/s. 

Improvements in EP may allow to a more important use 

in this mission but will not studied here. 

For chemical propulsion, some elements will be 

fired after almost two terrestrial years in orbit. The 

hypergolic propulsion techniques are preferred as there 

is a good experience of its long-term storage in space 

(planetary missions and ISS)  

One exception is made for the propulsion element 

used to perform TVI from LEO using cryogenic (LOX 

LH2) propulsion. The large payload and V required 

induces a large mass gain in favour of cryogenic 

propulsion. 

In addition, this technique will be used some days 

after launch without significant propellant losses. The 

upper stage experience show that they can be restarted 

several days after launch. 

The following table provides the masses of the 

different elements of the space train, using the date of 

chapters 4.1 and 4.2. The EP V is doubled and the 

operating time halved to provide a comfortable safety 

margin.  

 

Table 12. Expendable space train sizing 

Phase  Elements Mass 

(tons) 

Note 

Transit 

Venus 

Earth 

Capsule+ 

crew 

8 See §5.1.1 

DSH 25.2 See §5.1.2 

Consumables 1.23 See §5.1.2 

TEI Propellant 

mass 
5.10 ∆V = 447 m/s 

See §4.1, 

hypergolic Empty Mass  0.38 

HVO 

phase 

Consumables 3.92 See §5.1.2 

Xenon mass 0.787 EP block: 611.4 

m/s ∆V in 233.5 

days. 1.37 N 

thrust, 35.29 kW. 

See §4.2 

EP block 

mass 

0.543 

HVO 
injection 

Propellant 

mass 
6.69 ∆V = 447 m/s 

See §4.1 

Hypergolic Empty Mass  0.50 

Transit 

Earth 

Venus 

Consumables 1.23 See §5.1.2 

TVI Propellant 

mass 
72.6 ∆V = 3,477 m/s 

See §4.1 

Hydrogen Empty Mass  8.71 

LEO total 134.9  

 

The train can be put in LOE by a CAT1 launcher 

offering a 127 tons payload (DSH, consumables, TEI, 

EP and HVO propulsion modules) and a CAT6 launcher 

transporting capsule and crew. The CAT6 launcher will 

be man-rated. 

In another configuration, the CAT1 and CAT2 upper 

stage could be used to replace the TVI propulsion 

module. They will launch a lower payload to reserve 

propellants for TVI injection. This architecture is 

similar to the one proposed for ARES I and V.  A first 

CAT1 launcher holding a 39.2 tons payload (DSH, TEI, 

HVO and EP modules) and a CAT 5 launcher, man-

rated, holding the capsule and the consumables, will be 

used for the mission.  

A third launcher, CAT4, will send the space tug in 

Venus orbit. 

See the scheme in appendix C.  
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5.2.3 Reusable train operation  

The reuse can take place only every two 

conjunctions with a waiting period in Earth orbit. The 

train is held in a high energy orbit, for example HEO. 

However, HEO implies around 130 Van Allen belt 

crossings which may damage some components. As a 

backup solution, the train can wait in NLRO. The 

Gateway could be used to perform the maintenance of 

the train as it is foreseen for Mars missions [7]. 

As the space train starts from a waiting orbit, it is 

not necessary put a capsule in it. The crew can perform 

a trip to the Gateway in NLRO and board the train. The 

unmanned capsule will be directly sent in Venus orbit 

with a CAT4 launcher. The space train will dock the 

capsule in Venus orbit. The train will join the Gateway 

at end of mission. In order to increase the interest of 

reusability, the propulsion modules will be reused but 

the propellant tanks will be jettisoned and replaced by 

filled ones. 

After computation, the supply of the space train 

between two missions (propellant, consumables) will 

require a CAT1 and a CAT5 launchers. A separate 

launch will be required to launch the astronauts to 

NLRO and two CAT4 to send the capsule and the space 

tug in Venus orbit. The launcher number is larger than 

for an expandable train. 

However, it opens the way to further improvements. 

An EP space tug can be used between LEO and NLRO. 

At a longer term, LOX and LH2 could be supplied from 

Moon ice or lunar regolith [8]. 

 

6. Atmospheric considerations 

6.1 Venus atmosphere 

At 55 km altitude, the temperature and pressure 

conditions are close to Earth ones [9] 

 

Table 13. Conditions at working altitude 

Altitude 55 km 

Temperature 29°C 

Pressure 0.531 bar 

Specific mass 0.921 kg/m3 

Main constituents 96.5% CO2 

3.5% N2 

The atmospheric column mass above the base is 

5,420 kg/m2, close to the Earth ones at 4,000 m altitude. 

The meteoritic impact risk is therefore negligible. In 

addition, the atmosphere offers a very efficient radiation 

protection.  

The atmospheric base at 55 km altitude and on 

equator will have a ground speed of 105 m/s [10] due to 

the atmosphere super-rotation [11]. This would induce 

day / night cycles of 101.5 hours. The Venus Express 

probe measurements showed the existence of Hadley 

cells in each hemisphere [12]. They create low speed 

winds toward equator with speeds below 4 m/s under 60 

km altitude. A base located on equator will remain 

stable without propulsion [9]. The most precise 

turbulence measurements are the 100 hours recordings 

from VEGA balloons. They detected vertical gust with 

speed less than 3 m/s and periods in excess of some ten 

seconds. The induced accelerations are less than 0.01 g 

and barely perceptible [13]. New studies would be 

performed to check these values and confirm that there 

is no adverse problem for the base habitability.  

Venus is known for the strata of sulfuric acid clouds 

between 30 and 70 km altitude [14]. At 55 km altitude, 

the particles density is around 0.01-0.02 g/m3 and an 

optical thickness of 8 which is lower than the one of a 

cirrus or a terrestrial mist. The acid presence requires to 

coat any element present in the base of a protective film. 

Preliminary tests showed the convenient acid-proof 

behaviour of PTFE and polypropylene [15]. 

 

6.2 EDS phase sizing 

EDS phase includes entry, descent and stabilisation. 

It’s the equivalent of EDL phase for Mars or other 

celestial bodies with solid surfaces. See below the 

hypotheses used in the sizing of entry devices. 

The technologies already identified for Venusian 

[15] or Martian [1] projects are reused, i. e. a cylindrical 

lifting body. 

The RCS system and aeroshell masses are 

proportional to the payload mass and the coefficient of 

NASA Mars projects is used [1]. 

 

 (2) 
With 

Mc : remaining mass after aeroshell and RCS  
KRcs : Mass Coefficient of RCS 

Khs : Mass Coefficient of aeroshell  

Men : mass entering Venus atmosphere. 

 

The hydrogen mass per lifted mass unit is computed. 

The structural index of tanks and ZBO (Zero Boil Off) 

of cryogenic propellants is added. 

(3) 
With 

Mh: lifting hydrogen mass  

MmolH : dihydrogen molecular mass = 2g/mol 

MmolA : Venus atmosphere molecular mass =44g/mol 
Mf : Lifted mass, including balloon and module. 

 

(4) 
Mhs : lifting hydrogen mass including storage 

Klh2 :structural index of hydrogen storage =0.1 (dimensionless) 

 

The liquid hydrogen is heated by a LOX-LH2 gas 

generator during the balloon inflation as the inflation 

time shall be short. This solution has been already 

studied for a Venus sample return project [16]. The first 

step is to compute the gas generator mass taking into 

account the cryogenic engines experience. 
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(5) 
With 

Mg: Gas generator mass  
Ec: Required enthalpy change =4.23MJ/kg 

pg: Specific mass of gas generator = 153kW/kg 

t: heating phase duration. Here 3minutes 
 

The LOX-LH2 mass required for the heating is also 

computed with its storage mass 

 

(6) 
With 

Kho : structural index of Hydrolox storage=0.075  
DEho : Energetic density of Hydrolox =13.7 Mj/kg 

 

Applied to the falling mass, one obtains directly Mf 

 

(7) 

 

6.3 Aeroshell sizing  

For each launcher category, the EDL equipment’s 

masses used for entry are computed. The shell sizing for 

50 and 74 tons are also computed (Starship delivery 

cases).  

 

Table 14. Aeroshell sizing versus launcher category  

 Men RCS HS H2 

storage 

heat Mf 

74t 74 1.85 7.39 3.12 1.46 60 

50t 50 1.23 4.93 2.08 0.97 40 

CAT1 43 1.08 4.3 1.82 0.85 34.95 

CAT2 33 0.83 3.3 1.39 0.65 26.8 

CAT3 21 0.53 2.1 0.88 0.41 17.1 

CAT4 16.8 0.42 1.68 0.71 0.34 13.65 

CAT5 7.75 0.19 0.78 0.33 0.15 6.3 

 

6.4 Atmospheric lift and propulsion sizing. 

The balloon sizing tools and method are presented as 

well as propulsion (propeller and power supply). The 

objective is to get a robust and realistic sizing, 

eventually refined in the future. 

A standard shape balloon is selected. It includes a 

cylindrical section whose length is equal to radius and is 

closed by two hemispheres. This volume is divided in 

four compartments Only three are needed for the 

required lift capacity. 

Earth bound balloons offer a superficial density of 

30 g/m². For safety, this value is doubled to reach 60 

g/m². 

 

One can therefore compute the balloon mass by the 

following equations: 

    (8) 
With 

V:ballon volume 

Roair: Venus atmosphere specific mass at 55 km altitude 0.9207 
kg/m3 

 

    (9) 
With 

R: balloon radius 

 

     (10) 
With 

Mb: balloon mass 

λ: superficial density =0.06 kg/m² 

 

A moving speed of 5 m/s is imposed to the balloon. 

The required power is provided by solar panels located 

on the balloon and electric engines /propellers. It could 

be used during the 50 hours illumination “days”. As the 

balloon size is far superior to the module, only the side 

aera of the balloon is taken into account for drag 

computations. 

(11) 
With 

P : Electrical power required for the requirement  

V: moving speed =5m/s 
Cx: Drag coefficient =0.2 

r: propeller / engine efficiency =0.5 

 

   (12) 
With 

Prop mass: propulsive system mass 
Pen: puissance des panneaux solaires par unité de masse =150 

W/kg 

Pprop: propulsion power (engine + propeller) par mass unit 
=1,920 W/kg 

 

7. Atmospheric base 

7.1 General architecture 

The atmospheric base has two main functions the 

life support and the launcher module (VAV). The life 

support is insured by the VESTHAB (see chapter 7.6), 

completed by cargo modules (see chapter 7.7) and 

future extensions. The launcher function is insured by 

the VAV (see chapter 7.2) and ISRU module (see 

chapter 7.3). 

As a safety measure, the base may include two 

VAV. The VAV1 must be ready to start with 

propellants loaded and an operational capsule during the 

whole base occupancy. It allows for an emergency 

departure in case of base major failure. The VAV2 shall 

become operational at the departure time of the crew in 

case of VAV1 failure. In normal case, the VAV2 of 

mission “n” becomes the VAV1 of mission “n+1”. 

For the base architecture, the supplied VAV shall be 

at around 2 km of the VESTHAB in order to reduce the 

effect of VAV explosion. The second VAV shall also be 

distant from the first in order to avoid damage. 
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The different elements shall remain in proximity (2 

km) but not risking a collision. 

The proposed method is a passive one in order to 

limit the power consumption. The elements are linked 

by a cable along an East West axis. The West modules 

are at a higher altitude than the other ones, the wind 

speed (toward West) is higher with altitude, the West 

element will drag the other ones and ensure cable 

stretching. 

The whole cable will be 5 km long with a VAV at 

each extremity and the VESTHAB near centre. 

A cable car with a pressurised volume will allow for 

exchange of parts and operators from one location to the 

other one. 

The base and incoming module being in free flight, 

they shall rendezvous after stabilisation. The 

rendezvous protocol could be as follows (and optimised 

in the future): 

The EDS phase ellipse should be located at base’s 

East. In nominal mode, the incoming module stabilise 3 

km above the base thanks the balloon lifting margin. 

The winds being faster in altitude, the incoming module 

will close-in to the base. Near the vertical, it will 

decrease its altitude to the base one. The relative drift 

will be small. The propeller will be used to close the 

distance to the base. In case of one balloon compartment 

failure during EDS phase, the module will stabilise at 

base altitude. It will reach the base only with its 

propeller. In order not to prejudice the modules 

handling qualities, the docking will be eased using an 

UAV holding a small cable will dock the incoming 

module. Using eventually the cable car as an attachment 

point the incoming module will be hoisted to the main 

cable.  

 

7.2 Venus ascent vehicle 

The Venus Ascent Vehicle (VAV) is the launcher 

intended to quit Venus atmosphere and reach the LVO. 

It is sized to put the capsule and crew in LVO from 55 

km altitude (atmospheric base). The V is set at 9000 

m/s [15]. One of the biggest challenges of this mission 

is to operate a launcher similar in size to a medium 

terrestrial one without any launch base. The VAV shall 

always include an operational capsule. In case of VAV 

failure, the capsule will be ejected, deploy the balloons 

and return to the base. The crew can use the backup 

VAV or to wait in the VESTHAB the arrival of a new 

VAV from Earth. At present, it is not foreseen to 

include an escape tower as the situation is different from 

Earth case. If the propulsion fails at take-off, the capsule 

will be simply detached and inflate the balloons. RCS 

will be used to control the attitude of the falling capsule. 

However, the escape tower question will be reviewed in 

the future. 

A preliminary study led to the proposed 

configuration, as the most efficient in order to reduce 

the mass sent to Venus (partial use of ISPP, high Isp 

thrusters). Il includes two LOX-Methane stages and a 

cryogenic LOX - LH2 upper stage.  

 

Table 15. VAV sizing 

general Payload 8 t Capsule with crew 

see §5.1.1 

Total Mass  123 t  

Height 21.5 m  

Diameter  2.5 m  

S3 M propellnt 24.4 t ∆V=5 285 m/s 

See §4.1 

Hydrogen 
M empty 2.93 t 

Height 8.08 m 

S2 M propellnt 28.4 t ∆V=1 931m/s 

See §4.1 

Methane 
M empty 2.55 t 

Height 6.51 m 

S1 M propellnt 52.2  t ∆V=1 781m/s 

See §4.1 

Methane 
M empty 4.69 t 

Height 6.91 m 

 

The module “launch pad” includes the VAV almost 

empty (LH2 is present in the third stage) with the acid 

protection and the lifting balloons. 

The module is initially held by a hydrogen filled 

balloon of sphero-cylindrical shape (chapter 6.4) in 

order to allow docking to the main cable. 

  The launcher will be heavier during the propellant 

tanks filling. Four balloons, initially empty, will be 

progressively inflated by carbon monoxide and oxygen 

from Venusian CO2 decomposition. They will be able to 

lift the launcher despite the loss of one balloon. 

 

Table 16. “launch pad” module sizing 

Launcher VAV 

empty mass  

10.7 t  

M LH2 3.55 t 

M structure 0,2 t 

Balloons  R H2 

balloon  

16.12 m 1 sphero-

cylindrical 

balloon (H2) 

and 4 spherical 

balloons  

R spherical 

balloons 

29.9m 

M balloons 3.83 t 

Propulsion Power 19.3 kW 

Mass 0.14 t  

Design Margin  1.39 t 5% of 

delivered mass 

Total sent from Earth 21.71 t  

 

7.3 ISRU Module 

The ISRU module is sized to produce the mass of 

propellants necessary to fill the VAV. It is linked to the 

“launch pad” module by umbilicals transferring the 

propellants to the VAV tanks and CO/O2 acting as 

lifting gas. In this study only CO2 is exploited to 

produce LOX. The sulphuric acid capture is not 
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considered sufficiently reliable [14] to produce water 

and hydrogen that could be used to produce propellants. 

For the LOX-LH2 upper stage, hydrogen is already 

stored in tank (from Earth). LOX is produced in-situ 

from CO2. The CO2 cracking produces also CO which 

is used to inflate the balloons sustaining the “launch 

pad” module in order to compensate the LOX mass. 

For the LOX-LCH4 stages, methane is produced by 

a Sabatier reaction between Venusian CO2 and 

hydrogen coming from Earth. The resulting water is 

decomposed in oxygen, liquefied to form LOX, and 

hydrogen recycled in the Sabatier reaction. The added 

methane and LOX mass is compensated by the lifting 

effect of CO and O2 gas inflating balloon. 

 

These two gases are used to inflate the four spherical 

balloons. In the case of methane, it may be necessary to 

decompose more CO2 in order to provide a sufficient 

lift.  

To size the ISRU devices, the data of NASA studies 

for Mars ISRU [17] are used. The mass, power and 

volume of the module are adapted to the required 

quantity of LOX and methane. 

The module is sized for one VAV. The power is 

used 34 hours each 105 hours cycle. This enables to get 

rid of energy storage. 

 

Table 18. ISRU module sizing  

Production M LOX 51.04 t ISRU unit 

Specific mass 

(kg / kg 

produced) [16] 

LOX: 0.038 
CH4/LOX: 0.18 

M LCH4 16.77 t 

M O2 

lifting 

33.54 t 

Production 

unit mass 
5.052 t 

Energy  Power 
(kW) 

141.7  Specific energy 
(MJ/kg produced) 

LOX: 9.05 [16] 
CH4/LOX: 43.8 

Supply 

mass 

0.94 t 

Balloon 

lift 

R balloon 12.22 m See §6.2 et §6.4 

M balloon 0.25 t 

Propulsion 0.058 t 

Design margin 0.46 t 5% of final mass 

Module Mass  6.76 t  

Consumable 

(LH2+storage) 

2.31 t LH2 Mass + 

storage (kg H2 

/kg produced) 

LOX :0.1375 

 

 

7.4 Cryogenic module  

Once the VAV1 is filled, the ISRU module is moved 

to fill the VAV2. A cryogenic refrigeration module is 

necessary to eliminate propellants evaporation in 

VAV1. The data on propellant liquefaction for Martian 

project are used to get a reliable estimate [17].  The data 

being valid for liquid methane and LOX, a coefficient of 

equivalence is used for LOX / LH2. In first 

approximation, the power to cool one ton of LOX / LH2 

is 2.5 times higher than the power for one ton of LOX 

/LCH4. 

 

Table 19. Cryogenic module sizing 

production Equivalent 

propellant 

masse 

141.5 t System mass/ 

Prop mass: 

0,0024 kg /kg  
Cryo 

system 

mass 

0.46 t 

Energy Power 18.13kW Power / Prop 

mass: 0.128 

kW/kg 
Supply 

mass 

0.121 t 

Balloon 

lift 

R balloon 5.13 m See §6.2 et §6.4 

M balloon 0.0446 t 

Propulsion 0.010 t 

Design margin 0.0344 t 5% of final mass 

Module Mass  0.67 t  

 

7.5 Cable module + cable car 

The modules cable and cable car are the backbone of 

the base architecture as shown here. The cable could 

also participate to the altitude control. The cable is in 

fact a hose filled with hydrogen thus providing its own 

lift. 

Each module is attached to a port enabling to vent or 

fill each module from the hydrogen circulating in hose. 

The cargo module hydrogen could be vaporised or 

liquefied by the ISRU module (see chapter 7.7) in order 

to maintain the hydrogen pressure in hose. In case of 

ISRU failure, the cryogenic refrigeration module will 

perform the operation.  

 

Table 20. Cable and cable car modules sizing 

Ensemble  element Mass in kg 

Cable 850 

Cabin Structure 170 

Life support 200 

Engine and 

power 

80 

Docking aid Docking cable 40 

UAV 35 

Hoist 40 

Design Margin 5% 75 

Module mass 1,500 

 

The cable car is integral with the cable. It includes a 

small lightweight cabin able to shelter the crew for 

some hours in order to perform transfer between 

habitable modules. A small platform is located below to 

hold parts or a crew member with AEVA suit (see 

chapter 7.6) in order to perform repairs on other 

modules. The docking aid system is located on the 
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cabin. It includes the docking cable with a hoist and a 

UAV. 

 

7.6 VESTHAB 

VESTHAB (VEnus STabilised HABitat) is the name 

given to the atmospheric habitat devoted to the crew. 

The proposed architecture is preliminary and may need 

to be improves in the future. 

It includes five floors, 4.8 m in diameter. The walls 

are transparent in order to avoid any claustrophobic 

effect and can be folded during interplanetary cruise in 

order to reduce volume. 

The inner atmosphere pressure is slightly higher than 

external one (0.53 bar) to avoid any leak of CO2 or acid 

in the habitable volume, even in the case of wall 

puncture. Oxygen supply is performed by atmospheric 

CO2 decomposition using the Martian project for the 

sizing [1]. Water is regenerated in closed loop, using the 

ISS experience. For a robust sizing, no difference is 

made between “black” and “gray” water the whole 

waste is regenerated by VCD system (Vapor 

Compression Distillation).  

In order to lower energy storage requirements, the 

water and oxygen supplies required during the “night” 

periods (51 hours) are produced during the “day” 

period. A safety margin of 50% is added and the 

production is privileged during the 35 hours of 

maximum solar panels production. 

 Water could be extracted from sulfuric acid, but this 

technology would require to be validated during this 

mission and not considered for operational use at this 

time. 

The aerodynamic balloon supporting VESTHAB is 

sized to handle a 10 tons load including the crew and 

supplementary equipment. It is sized to perform the 

required lift with CO, the CO being a by-product of 

oxygen generation providing 5.1 kg of supplementary 

lift for each terrestrial day. It will be used to replace the 

loss of hydrogen by leaks. 

The VESTHAB could be launched by a CAT 5 

launcher. To reduce the mass constraints, a part of 

consumables, spare parts and scientific equipment are 

not embarked at lift-off. They will be provided by cargo 

modules or transfer by the crew.  

The AEVA acronym (Atmospheric Extravehicular 

Activity) is related to the activities outside the 

controlled atmosphere and at the base altitude. 

It includes experiments and drone handling, and also 

modules maintenance. The AEVA crew are at nominal 

pressure and temperature and are supplied with air. 

Their suit is protected against acid. 

A suit similar to a Hazmat level B suit is sufficient. 

VESTHAB is equipped of an airlock for these AEVA 

and of a cloakroom to house the suits.  

In the preliminary architectural design, VESTHAB 

is divided in five levels. The “Night” level includes six 

individual bedrooms. The “life” level includes 

lavatories, kitchen, and a dining room used also as 

meeting room or exercise room. The “technical” level 

houses the life support system, storage, cable car access 

and a small medical unit. The “atmospheric” level 

includes a laboratory, the AEVA hardware with an 

airlock, a cloakroom and a workshop to prepare 

payloads or to perform repair tasks. The “surface” level 

includes an experimental greenhouse, a laboratory, an 

imaging radar set, and a drone linked by a cable to 

perform spectral observations inside the clouds. 

 

Table 21. VESTHAB mass breakdown 

Ensemble element Mass 

(kg) 

Note 

structure 997.5  

Housing 401.6  

ECLSS Water 

regeneration 

(VCD) 

1,007.8 [18] 

Oxygen 

production 

(from CO2) 

[1] 

193.8 

Extraction de 

contaminant 

235.2 

Air 

purification  

395.7 

Oxygen 

storage  

21.2 

Water 

storage 

699 

Energy Production 126.3 18.9 kW day,  

4.74 kW night Storage 94.7 

Avionics 275 [1] 

Communication 150 [1] 

Lifting Balloon  514.3 17.4m dia. Lift 

capacity 10 t. See 

§6.2 

Propulsion  11.2 See §6.4 

Science 700 Fixed equipment 

fixe 

AEVA 250 Hazmat suit level 

B 

Design Margin 640 10% of final 

mass 

Total Mass  6,400  

 

7.7 Cargo Module 

The Cargo Module is sized to be launched by a 

CAT5 launcher. Two Cargo versions are foreseen. The 

first (Cargo H) houses the liquid hydrogen necessary for 

the methane production for the VAV and also 

compensate the hydrogen leaks in the balloons. The 
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second (Cargo P) is pressurised it houses consumables, 

experiments and spare parts for VESTHAB. 

 

 Table 22. Cargo sizing 

Item Element Cargo 

H 

Cargo 

P 

Note 

Balloon Radius 10.82 m See §6.2 

Mass 0.199 t 

Propulsion Power 8.69 kW See §6.4 

 Mass 0.07 t 

Vessel Mass 0.72 t 0.6 t  

Payload Mass 5.31 t 5.43 t  
Total Mass 6.3 t  
 

8. Base launching steps  

The base elements are launched in two steps. 

 

8.1 Step1 Elements 

The Step 1 elements shall be available in Venus 

atmosphere before the first crew arrival (mission 

VMM1). To simplify, we divide the items by lots that 

we will distribute among the launchers.  

Lot11: VAV + capsule (26.2 tons). This lot includes 

the VAV with liquid hydrogen contained in upper stage, 

the rest of the “launch pad” and an operational capsule. 

The VAV and capsule shall be ready for the first crew 

arrival. 

Lot 12: ISRU module + Cargo H (13.1 tons): It 

includes the ISRU module producing the VAV 

propellants and the Cargo module containing 5.3 tons of 

LH2. Of this, 2.1 tons will be used to produce methane 

and LOX feeding the VAV. The remaining 3.2 tons will 

compensate the leaks. It represents 107% of the whole 

balloons inventory. 

Lot 13: VESTHAB (6.3 tons), empty and folded. 

Lot14 and 15: Cargo P (6.3 tons): The consumables 

and equipment devoted to the VESTHAB are loaded in 

this cargo. For the first mission, it is necessary to use 

two cargo modules with identical. The 5.43 tons 

payload is composed of 1.96 ton of food and hygiene 

products. For two modules this is equal to the 

consumables stored aboard DSH during the VESTHAB 

manned operation (see chapter 5.1.2). 1.59 tons of 

emergency food is added. This will be used in case of 

VAV failure. This corresponds of 760 supplementary 

days in Venus atmosphere to wait the next launch 

window. 480 kg of spare parts and redundant 

VESTHAB equipment are located in the cargo. This 

helps to limit the VESTHAB launch mass below 6.4 

tons (CAT5 launcher). Last, 1.4 tons of scientific 

equipment are loaded (drone, balloons, experiments and 

laboratory equipment) to be transferred in VESTHAB 

during the mission. The combination of the two cargo 

modules scientific payloads and VESTHAB initial 

inventory provides 3.5 tons of scientific equipment for 

the first manned mission. 

Lot 16: Cable (1.5 tons): includes the cable as the 

backbone of the base and the cable car. This Lot shall 

arrive first in Venus atmosphere. 

See the scheme of Step 1 base in appendix D. 

 

8.2 Step1 launches distribution 

To launch the Step 1 hardware, a single Starship 

cargo is sufficient (74 tons payload in TVI). With 

expendable launchers, one can use a CAT1 launcher 

(lots 11, 14 and 16) and one CAT2 (Lot 12, lot 13, lot 

15). It is also possible to replace the CAT 2 launcher by 

one CAT4 (Lot 12) and two CAT5 (lot 13, lot 15). 

Bearing in mind the costs of and number of commercial 

launchers (CAT 4 to 6) compared to super heavy 

launchers (CAT 1 to 3), this second solution appears 

more economical and provides the possibility of 

international partnership. 

 

8.3 Step2 Elements 

A second mission requires less packages as the 

VESTHAB and ISRU modules are reusable. It is 

necessary to launch a new VAV, hydrogen to produce 

propellants and leaks compensation, consumables and 

experiments. In addition, a cryogenic module shall be 

provided to cool the filled VAV propellants while the 

second VAV is filled by the Step 2 elements can be sent 

during VMM1 mission in order to provide emergency 

resources (second VAV, provisions for mission 

extension, supplementary spare parts). It is possible to 

add extensions to the base such as scientific modules, a 

surface exploration module, a production greenhouse, a 

water production unit from sulphuric acid, et cetera. 

Lot 21: VAV + capsule (26.17 t) same as Lot 11. 

Lot 22: cargo LH2 (6.3 t): same as lot 12. 

Lot 23: supplies (6.3 t): It’s a pressurised cargo 

module containing 5.43 tons of cargo: 3.96 tons of food 

and hygiene, the nominal consumables to be used by the 

VMM2 crew. In addition, 500 kg of spare parts and 

tools are provided to perform the base’s maintenance. 

Last, one ton of scientific material and consumables 

(sounding-balloons, reactants, tools). 

Lot24: Cryogenic module (0.63 t) : this lot includes 

the cryogenic cooling module providing Zero Boil-Off 

to VAV. 

See the scheme of Step 2 base in appendix E. 

 

8.4 Step2 launches distribution 

The Step2 can be launched as a whole by a cargo 

Starship (TVI payload = 50 tons). With expandable 

launchers, a CAT1 launcher (lots 21, 22 and 24) and a 

CAT5 launcher (lot 23) are required. 

 

9. Whole launch Planning 
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A schedule is established to show the Venus mission 

timeline. J0 is  Venus – Earth conjunction date taking 

place during the crew interplanetary cruise.  

The indicated dates are the centre of the launch 

window for the Hohmann transfer. The launches can be 

offset by some days in this window. 

The Starship launch architecture is put in parallel 

with CAT1 expendable launchers case. In order to avoid 

launch pad saturation, only one launcher in each 

category is used at a time for a given launch window. 

An alternative solution is to launch some payloads in 

advance in a parking orbit (e. g. HEO) waiting for the 

Venus injection. A first mission with a Step1 base 

would require 9 Starship launches (1 cargo, 1 inhabited, 

7 tankers) and 1 CAT4 (for space tug) or seven 

expendable launchers (2 CAT1, 2 CAT4, 2 CAT5, 1 

CAT6). 

As a safety measure, on can add the Step 2 payloads 

to the base (second VAV and tug, consumables, 

cryogenic cooling module). 

In this case, the needs for the first mission amounts 

to 11 Starships (2 cargo, 1 inhabited, 8 tankers) and 2 

CAT4 or 10 expandable launchers (3 CAT1, 3 CAT4, 3 

CAT5, 1 CAT6). 

A supplementary mission would require a new space 

train and complements (VAV, consumables, pressurised 

cargo, hydrogen, space tug).  

This would require 9 Starships (1 cargo, 1 inhabited, 

7 tankers) and 1 CAT4 or five expandable launchers (2 

CAT1, 1 CAT4, 1 CAT5, 1 CAT6). 

 

See schedule in appendix F 

 

10.  Conclusion  

The reliability of the computed values is analysed. 

The sizing being global, it is not sufficiently detailed to 

give a very precise mass budget. However, the 

computations are using the data of realistic project 

(NASA Mars reference project). A number of margins 

are also introduced. Each element is designed with a 5 

to 10% mass margin depending on the innovation level. 

Second point, the launchers capacity is computed on the 

base of TMI capabilities, slightly lower than TVI, 

requiring a slightly lower ∆V. This induces a 

supplementary 3% margin. Third, the technologic 

choices are very conservative or under-optimised 

putting a burden on the mass budget. One can cite the 

intensive use of storable propellants in lieu of cryogenic 

one, the lack of sulfuric acid use to produce propellants 

or the conservative balloon skin superficial density.  

These points may be the subject of complementary 

studies in order to identify the optimisation possibilities. 

Last, the crew size (6) could be also reduced as for some 

Martian missions a crew of 4, even only 2 or 3 is 

considered as sufficient. One or two crew members less, 

provides important margin if deemed necessary. 

 

This preliminary study highlights the main 

guidelines of a Venusian mission such as the division of 

the habitat, the architecture of the base or the use of the 

high venus orbit. We obtain requirements for a first 

manned Venusian mission equivalent to 4 or 5 super 

heavy exploration launchers (CAT1). We are therefore 

on needs close to a similar Martian mission (6pax). 

Some optimizations should be studied in 

complementary projects to reduce these needs. The 

sizing of mission-critical items such as the Venus 

launch complex, and capsule should also be refined. 
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Appendix A Used Orbits List  

Table 23. Used Orbits Parameters  
    Periapses Apoapses    

Acronym Name  Central 

body 

Altitude 

(km) 

Speed 

(km/s) 

Radius(km) Speed 

(km/s) 

Period  V 

periapses 

to 

Hohman 

Earth-

Venus 

(km/s) 

V periapses 

from planet 

(Terrestrial 

surface or 55 

km Venus) 

(km/s) 

LEO Low Earth 

orbit  

 Earth 300 7.713 300 7.713 1h 

31min 

3.477 9.10 

HEO High 

Elliptical 

Orbit 

 300 10.814 377,600 0.1887 9d 22h 

41min 

0.376 12.201 

LVO Low 

Venusian 

Orbit 

 Venus 300 7.181 300 7.181 1h 

32min 

3.329 9.00 [14] 

HVO High 

Venusian 

Orbit 

 300 10.062 334,000 0.1864 9d 4h 

37min 

0.447 11.882 

NRLO[19] Near 

Rectilinear 

halo Lunar 

Orbit  

 Moon 3,000   1.399 70,000 0.0917 4d 8h 

40min 

To HEO : 

0.4115 

 

 

 
 

Fig1: ∆V map 
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Appendix B Space Train Starship 

 
Fig2: Space train scheme using Starship. 

 

Appendix C Expandable Space Train  

 

Fig3: Space train scheme using expandable launchers.  

Nota: train travel step 

E1 E2 E3 E4 E5 E6 E7 

TVI injection 

from the 

assembly orbit 

Earth - Venus 

transfer 

Capture by 

Venus  

Waiting in 

HVO. change of 

argument. 

TEI from the 

HVO 

Venus - Earth 

transfer 

Earth  

re-entry 
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Appendix D base step1 

 
Fig4: Step 1 Base configuration 

 

 

Appendix E base step2 

 
Fig5. Step 1 and Step 2 Base configuration 
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Appendix F Launches schedule  

Table 24 : Launches schedule 

 
EVI: Earth-Venus Indirect   EVD: Earth-Venus Direct   VED: Venus-Earth Direct 

TVI: Trans Venus Injection   TEI : Trans Earth Injection   EDS : entry descent stabilisation  
SSC : StarShip Cargo    SSR : StarShip Tanker   SSH: StarShip Habitable 

VMM : Venus Manned Mission   VAV :Venus Ascent Vehicule 

LEO : Low Earth Orbit   LVO : Low Venus Orbit   HVO: High Venus Orbit 

 

 

 

Conj Date 
Relative 

Date 
Window Starship Architecture Expendable Architecture Comments 

-1 

04 FEB 2026 -847 Depart EVI - TVI of tug 1 by a CAT4 
- TVI of tug 1 by a CAT4 

 

- TVI of Lot15 by a CAT5 

The launch windows of 

conjunction preceding 

the mission are devoted 
to Step 1 base 

assembly. 

29 JUL 2026 -672 Depart EVD 

- TVI of Lot11, 12, 13,14, 
15, 16 by a SSC 

 

-Need a SSR launch to 
refuel in LEO 

- TVI of lot11, 4 and 6 by 
a CAT1 

 

- TVI of Lot12 by a CAT4 
 

- TVI of Lot13 by a CAT5 

25 OCT 2026 -584 Conjunction 

22 DEC 2026 -526 Arrival EVD 
-EDS of Lot11, 12, 13, 

14, 15, 16. base assembly 

-EDS of lot 11,12,13,14,16 

base assembly 

18 APR 2027 -409 Arrival VED 
- LVO injection of tug 1 

 

- LVO injection of tug 1 
 

-EDS of lot15 and rendezvous 
with base 

0 

11 SEP 2027 -263 Depart EVI 

- TVI of Lot21, 22, 23,24 

by a SSC 
 

- Need a SSR launch to 
refuel in LEO 

 

- TVI of tug 2 by a CAT4 

- TVI of Lot 21, 22, 24 by a 

CAT1 
 

- TVI of tug 2 by a CAT4 
 

- TVI of Lot23 by a CAT 5 

The conjunction 0 
corresponds to the 

launch of the first crew. 

 
The crewed train is sent 

during the “direct” 

window. 
 

The step2 elements are 

sent during the indirect 
window. They will be 

present at crew arrival 

on base. They will be 
operational before 

VMM1 quit Venus to 

serve as backup 
solution 

04 MAR 2028 -88 Depart EVD 

- TVI of SSH1 with 

VMM1 
 

- Need 6 SSR launch to 
refuel in LEO 

- LOE assembly of train1 with 

VMM1 by CAT1 and CAT6 
 

- TVI injection of train 1 with 
VMM1 

31 MAY 2028 0 Conjunction 

28 JUL 2028 58 Arrival EVD 

- LVO injection of SSH 

-EDS of VMM1. Docking 
with base 

- HVO injection of train1 

EDS of VMM1 and 
rendezvous with base 

22 NOV 2028 175 Arrival EVI 

- LVO injection of tug 2 
 

-EDS of Lot21, 22, 23, 

24. Docking with base 

- LVO injection of tug 2 
 

- EDS of Lot21, 22, 23, 24. 

Docking with base 

1 

17 APR 2029 526 Depart VED 

- VMM1 launch by 
VAV1 

 

- HVO injection of 

VMM1 by tug 1 
 

-VMM1 Transfer in SSH1 
 

-TEI of SSH1 with 

VMM1 

- VMM1 launch by VAV1 
 

- HVO injection of VMM1 by 

tug 1 
 

-VMM1 Transfer in train1 
 

TEI of train1 with VMM1 

The « direct » window 
toward Earth is used 

for crew return. 

 
NB : If someone 

wish to perform a 

second mission 
(VMM2) during this 

conjunction , we used : 

-The EVD window is 
used to launch the 

train2 with VMM2. 

-The EVI window for 
the step3 elements. 

09 OCT 2029 581 Conjunction 

04 MAR 2030 672 Arrival VED 
- Earth return of SSH1 

with VMM1 

-Earth return of train1 with 

VMM1 
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