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Overview
Å HIT-TD (Technology Demonstration) is a planned using Steady 

Inductive Helicity Injection (SIHI)-formed spheromak experiment 

utilizing a larger flux conserver (R=48 cm, a=32 cm) AND an injector 

manifold to impose an arbitrary perturbation mode spectrum 

Å NIMROD (Non-Ideal MHD with Rotation and Other Dynamics) used 

to simulate HIT devices using manifold configuration helicity 

injectors

Å HIT-SI3-scale device with manifold for comparison to HIT-SI3 

experimental results

Å HIT-TD sized bowtie device with two different manifold 

configurations tested in order to establish baseline expectations for 

manifold performance

Å Aɓïoptimized flux conserver was also tested with a manifold to 

establish degree spheromak formation and sustainment is affected 

by boundaries



HIT-SI3 forms spheromaks through Steady Inductive 

Helicity Injection

Å SIHI injectors use solenoid coils and AC air-core 

transformers to steadily inject helicity:
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Å Plasma relaxes into the Taylor state of the flux 

conserver, a spheromak according to ​ὼὄ ʇὄ

ÅCurrent is driven via Imposed Dynamo Current Drive 

(IDCD)[1,2] as a result of magnetic perturbations from 

the injectors:

ÅCurrent HIT-SI3 spheromaks have reached Itor = 90 

kA, with gain (Itor/Iinj) > 3



NIMROD[3] code allows simulations of HIT-SI3 

runs

ÅToroidal cross section 

formed with grid in RZ 

plane

ÅHelicity injector ports 

simulated with specific 

Bnorm and Etan boundary 

conditions

ÅFourier coefficients 

generated by MATLAB 

script create spectrum of 

desired perturbations



Zero-ɓmodel used to simulate new HIT 

devices
ÅFirst simulations with manifold 

run using NIMRODôs zero-ɓ

MHD model

Å Zero-ɓmodels use uniform 

pressure, density and 

temperature (​ὴ π

ÅMost important immediate 

questions are:
ï Current and power amplification

ï Taylor state properties

ï Magnetic mode structure

ï Closed flux

Which can be answered without 

evolving n/T/p 

ÅZero-ɓMHD:
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Å ɖ=8.84 m2/s, ’= 300 m2/s for 

the presented runs



NIMROD simulations used to test manifold for 

next generation devices

ÅIn place of discrete injectors, a 

manifold connecting all injector 

mouths is proposed for use in 

future HIT experiments

ÅA multi-mouthed manifold 

would allow imposed toroidal 

mode numbers up to half the 

number of injector mouths (12 

mouths => 6 modes):
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Importance of driving high current: Large bow-tie flux 

conserver shows closed-flux formation at gains above 6[4]

ÅRunning a full non-linear 

simulation with HIT-SI 

injectors and a larger 

geometry (Ὑ ςȢυὙ ) 

and lower resistivity ὝḐ
χπeV) sees the formation 

of closed flux-regions

ÅThese closed flux periods 

persist for 10-20 injector 

periods before opening 

up.



The motion of the equilibrium is clear when flux 

surfaces are closed



Poloidal flux inside closed flux region decays 

resistively before being opened due to kink-instability

ÅThe poloidal flux inside the 
separatrix decays at †Ⱦ , 
causing the ήprofile to 
become more peaked.

ÅEventually, after ή ρ, 
the flux surfaces open and 
a refluxing event occurs 
before the flux surfaces 
close back up.

Å These cycles are periodic, 
with each closed-flux period 
lasting Ḑρπςπinjector 
cycles.



Two manifold designs considered: midplane and 

top/bottom
Bottom left shows the first proposed manifold design with helicity injection 

sites along the midplane of the flux conserver. Bottom right shows a dual 

manifold design with two 4-mouth manifolds mounted on the top and bottom 

of the flux conserver, similar to HIT-SI/HIT-SI3.



HIT-SI3 with midplane manifold
ÅHIT-SI3 flux conserver 

tested with

ÅDimensions and 

(quadrature) injector 

power matched with HIT-

SI3 

ÅPerformed as first check 

of manifold system

ÅAllows for direct 

comparison of manifold 

system to discrete 

injectors



Two varieties of conserver grids used in 

initial NIMROD simulations
HIT-TD bowtie HIT-TD ɓ-optimized

z



Simulation parameters
HIT-SI3 midplane

simulations

ÅHIT-SI3 injector lambda: 

~25 m-1

ÅTemperature: 12 eV

ÅCorresponding ɖ: 8.84 

m2/s

ÅInjector power: 10 MW

ÅNumber of injectors: 8

ÅInjected mode: rotating 

n=1

HIT-TD sized simulations

ÅHIT-TD injector lambda: 

17 m-1 (top manifold), 21 

m-1 (ɓ-optimized)

ÅTemperature: 12 eV

ÅCorresponding ɖ: 8.84 

m2/s

ÅInjector power: 21 MW 

ÅNumber of injectors: 8 

(12 for ɓïoptimized)

ÅInjected mode: rotating 

n=1



HIT-SI3 with midplane manifold
ÅHIT-SI3 simulated 

with 8 mouth manifold 

ÅCurrent gain of ~3.2 

matches some of 

highest HIT-SI3 

results

ÅLarge growth of n=0 

energy over time 

ÅConfirms manifold 

geometry works as 

expected



Results from midplane bowtie
ÅPerformance on par with 

best HIT-SI3 shots in 

terms of current gain

ÅSmall period of n=1 

excitation after relaxation 

drives additional current 

growth, appears to be on 

oscillation frequency 

ÅDid not settle into a 

steady state soon after 

relaxation, n=0 

axismmetric energy and 

current continued growth


