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Introduction: Cupid’s Arrow is a small satellite 

mission concept that would determine the amount of 

noble gases and associated isotope ratios in the Venus 

upper atmosphere, below the homopause. This mission 

concept, and the importance of possible scientific re-

turn of the mission has been discussed in previous 

works [1-3], but performing high-fidelity noble gas 

measurements in the Venus atmosphere would help 

provide the required information to understand why 

Earth and Venus have diverged in their geological evo-

lution; a critical piece of information required to assess 

whether a terrestrial exoplanet is Earth-like or Venus-

like. 

Mission Concept: In brief, the Cupid’s Arrow mis-

sion concept is a small spacecraft (~80 cm diameter) 

skimmer that would sample the Venus atmosphere be-

low the homopause where the different atmospheric 

compounds are well mixed [1-3]. The velocity of the 

spacecraft where sampling would occur is expected to 

be ~10.5 km/s, and the altitude is expected to be ~110 

km. QITMS, a miniaturized quadrupole ion trap mass 

spectrometer, will be used to measure the noble gas 

concentrations in the acquired gas samples [4]. In order 

to ensure that it is possible to relate the composition of 

the sampled gases to the free stream atmospheric com-

position (and to quantify any possible isotopic frac-

tion), numerical simulations are used to model the flow 

through the Cupid’s Arrow sampling system. 

Numerical Simulations: The Direct Simulation 

Monte Carlo (DSMC) code SPARTA, an open source 

software package developed by Sandia National La-

boratories [5], is used in this work. SPARTA, based on 

Bird’s DSMC method [6], is a molecular-level gas-

kinetic technique. As SPARTA is able to model hyper-

velocity reacting flows in strong chemical and thermal 

non-equilibrium, this software package is well suited to 

determine relevant flow properties for the Cupid’s Ar-

row mission concept, and to numerically investigate the 

possibility of elemental and/or isotopic fractionation in 

the sampled gases. 

Preliminary 3D Simulation Results: Recent work 

has focused on 3D simulations that include realistic 

valve and tank geometries for the internal flow in the 

Cupid’s Arrow sampling system. Preliminary simula-

tions suggest that while there is some elemental and 

isotopic fraction as the flow travels through the sam-

pling system (i.e., whether or not relative concentration 

ratios are the same in the sampling tanks as they are in 

the freestream), it can be quantified with DSMC simu-

lations. Simulations are also used to determine how 

long the sampling system needs to acquire a gas sample 

at ~110 km altitude, in order to ensure that there are 

enough atoms to obtain the required accuracy with the 

QITMS. A sensitivity analysis is ongoing in order to 

quantify the uncertainty expected with the numerical 

predictions. Numerical results and uncertainties will be 

compared to the original Science Traceability Matrix, 

in order to ensure that all science objectives can be 

accomplished. 

Conclusion: Through the ongoing numerical simu-

lations, it is believed that a better understanding of the 

physical processes occurring during hypervelocity 

sampling in the upper atmosphere of Venus will be 

acquired. This knowledge will demonstrate whether or 

not elemental and/or isotopic fractionation is expected 

to occur in the Cupid’s Arrow sampling system, and 

allow measured gas compositions to be related to the 

freestream composition and isotopic ratios. Future 

work will include experiments to validate specific as-

pects of the numerical simulations. 
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