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HYPHEN code (I)
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ü HYPHEN: HYbrid Plasma thruster Holistic simulation ENvironment

Ç 2D (axial-radial) multi -thruster simulation platform for electromagnetic
thrusters (EMT) operating with weakly-collisional plasmas

HYPHEN-HPT (HIPATIA)

HYPHEN-ECRT (MINOTOR)

Ç Developed under H2020 CHEOPS, MINOTOR, HIPATIA, EDDA, CHEOPS-LP

Ç Application to HETs, EPTs(HPT, ECRT)

Ç Current application to PPS5000 (CHEOPS-MP), PPSX00 (CHEOPS-LP), HT20k (ASPIRE)
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HYPHEN code (II)
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ü Ion -module:  PIC formulation for multiple ions+neutrals

Ç Xe, Xe+, Xe++, CEX, alternative propellants (Kr, N2, O2,ê)

Ç Optimized structured mesh for computational efficiency

ü Electron -module: magnetized, diffusive fluid model

Ç Applies quasineutrality

Ç Works on an unstructured magnetic field aligned mesh (MFAM)

ü Sheath-module: coupling between quasineutral plasma and walls

Ç Different wall types (dielectric, metallic,ê), SEE, sheath saturation 

Ç Coupled to kinetic code for non -Maxwellian electron VDF

ü Wave-module: only for EPTs, Maxwell equations in frequency domain

Ç Plasma-wave coupling and energy deposition

3

I module
structured mesh

E-mod outputs

I -mod outputs

(Only for EPTs)

Local 

magnetic

frame

Plasma 

Transport

2D axisymmetric

simulation domain

E-module

unstructured MFAM

e-VDF

SEE



Hall thruster discharge characterization with HYPHEN in CHEOPS-LP

A. Domínguez-Vázquez, J. Zhou, P. Fajardo, E. Ahedo

Breathing mode, Ὅ (A)

Sim. Exp.

Performance and breathing mode
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ü HYPHEN offers many capabilities at low computational cost:

Ç Parametric analyses of performances 

Ç Breathing mode characterization

1ms sim. takes ~10h in 
parallel run with10 cores
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Ç Plasma current and power balances

Ç Detailed analyses of inefficiency sources

Ç Dissection of thrust efficiency
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PPSX00 results at ╥▀=300 V,□═=2.5 mg/s, □╒=0.3 mg/s

; 

Ç Xe: Ionization is not very efficient. Power lossesto lateral walls
admit improvement . Remaining figures are reasonable. 

Ç Kr: Ionization is inefficient . Restas with Xe
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Magnetic confinement
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ü Simulation of realistic thruster geometry and magnetic topology

Ç Magnetic shielding (MS) of channel walls

Ç Singular points

Inner
(dielectric)

Outer
(dielectric)

Anode
(metallic)

PartialMS of
the outer wall

ü PPSX00 magnetic topology is: ôshieldedõ at outer wall, 'conventionalõ at inner wall, and ônormalõ at 
the anode

ü This generates large asymmetries in the plasma discharge and between inner and outer walls fluxes

PPSX00 results at ╥▀=300 V;
□═=2.5 mg/s; □╒= 0.3 mg/s

Electric potential (V) Electrontemperature(eV) Plasma density(1/m3)

Ion current (A/m2) Electroncurrent (A/m2) Electric current (A/m2)
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Power losses to channel walls
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ü Accurate estimation of current and power losses
along thruster walls

Ç Different wall types (dielectric, metallic,ê)

ü Partial MS of outer wall: 

Ç Lower currents and wall-impact energies

Ç >90% of power lost in inner wall

ü Similar behavior for Xe and Kr, but :

Ç Higher ion wall-impact energies with Kr 

Ç Higher erosion with Kr

PPSX00 results at ╥▀=300 V,
□═=2.5 mg/s, □╒=0.3 mg/s

; 

ü Power fluxes deposited to walls:

ü ὖ ὖȟ ὖȟ Ƞ
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Erosion of channel walls
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ü VHET at ὠ=300 V;ά =2.5 mg/s; ά = 0.3 mg/s for Xe and Kr

ü Erosion rate:
Ion streamlines

ɡ○

2D VDF sputteringyield

ü Several options for the sputtering model
(e.g. Ahedo et al. IEPC 2007-067)

ü Ion VDF computed at all wall panels

Ç Accurate erosion computations
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ü MS of outer wall reduced erosion

ü Kr vs Xe: 

Ç Larger ion currents and impact 
energies 

Ç Larger erosion 

Ç In line with Andreussi et al. (IEPC 
2017-380)

ü Further investigation is ongoing
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