Imagine --
Terrestrial Fusion Power Abounds
Humans Ready to Explore Saturn to Find Life

1. Fusion, the only known energy catapult for deep-space travel
2. Needs direct propulsion from D-3He fusion energy
3. How about Coaxial Helicity Ejection from bootstrap overdriven ST?
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Nudear Fuson Propulgon Venide
for Fad O utler Solar Sysem Trangoor tation

Dieat thug nud ear fud on popul §on us ng magnetic noz e
apropul Son s em utiliz ng D3Heto fud afid on reator,
produd ng plaam ato diedt |y heat thrug augm enting hydr ogen propd lant,
which isoconf ned and expanded by am agnetic nozz eto produce thrug

" Vehide Chaad e gics
* Sphericd torus nud ear fus on readt or plasm asour ce (8,000 M Wtota fus on pow er; D3H efue ed)
» Singl e 5,000 to 7,000 Ib; thrus m agnetic noz4 e engi ne
* Sped ficim pulse: 20,000 to 50,000 s (totd vehi d e dpha =4 KW kg)
* Dud, count er rotating turboshaf t, gassous Heium Brayton power oyd e produd ng 400 M W e
* Pow er auppor ts plaam aaur rent di ve though neutd beam injedion, d RC Sand refrigeraion
* Continuous thrust acod eration/decd eration radid interplanetay trand ers
* 8 mont one way Eath to Saturntriptimeg. 5 AU ;w/plangtary & uding)
e Zero-g habitat for oew of 6
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Raiond efor Seledion of Spherica Torus

Glen Rexsar ch Center

m Cloxd, magnetic conf inem ent conf iguration (as opposed to open or inertid)
high pow er dend ty achi evabl e
im proved oconf inem ent
deng ty, tem perature profile peski ng

B Smad ayed ratio phericd torus
large tokam aks dom inate resear ch effort, fundi ng, but m assand 9 ze ungpped ing for
goace propul 9on gopl ications
oom pad toroids (pher om &ks etc.), fidd rever =d, etc very atrative for propul S on,

but largdy conogpt ud , lim ted readt or databases m akeengi neering s/4 em
asesmm ent sdiffiadl t

Smd aed raio phericd torusH eded

oom prom ie betw een tokam aks and m ore com pad toroids

ext rgpol atabl e databases and reat or m assproperties oper aions perform ance
dmia atrative features of m ore com padt toroids
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Bootdrgp Cumrent O verdrive

Glen Rexsar ch Center

G reater conf inem ent, fud on produd , requi red of D 3Hefug on --- greater
m agnetic fid dg favor ing higher beta, im pies greater plaam aaur rent

D iffug on driven, boot<rap current can be greater than requi red --- ‘over drive’
Bootdrap aur rent over drive mtigaes large, edernd aurrent drive

Realtant plaam aprofile usud |y does not m ach des red equi librium ---
externd taloring of profile requi red

Bootdrap aur rent over drive expedt ed to faa litate plagm aaur rent cont rol
through fuding rae

W th CHE bootdrgp aur rent over drive can adjug energy of exhaug ed plaam a,
faa litating propul 3 on oper aion w hile m anta ning plasm acont rol

Asumed F = 1.16 requi ring 108 M Wexternd hesating

jpc9_oonf erence CHW lliam 9@ LeR (Qopt



Coaxid Hdiaty Ejettion

Glen Rexsar ch Center

M agnetic hd id ty approx produd of toroida and poloidd m agnetic fluxes

Hdiaty can beinjeded by suppl ying aur rent through divertor while
m antaning difference of potentid ax oss divertor plates (power input)

Inver £ process Coaxid Hdidty Ejedion, expedt ed to oocour upon shut dow n,
potentid m echaniam to cont rol exhaug ing pow er for propul 9 on

CHEtowork in conoer t with boot2rgp aur rent over drive to m antan react or
deady dae operaion

Series of exper iments planned a& D O EPPPL'sNSTX
ed ablih CH Etheory
as=ss fead bility of CH Eto enddl e propul 3 on

perform proof of conogpt exper im ents in conj und ion with aready planned
D O Ecam paign
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m kes high enthd py readt or plaam aw ith 4 ush hydr ogen thrug augm entation propd lant
aod erae propd lant plaam athrough diver ging m agnetic fidd lines

B Lagdy skd ed des gn
3 TF coi I-like m agnets (am dler aurrent, am dler fid d)
light weight Al GVYEpoom postedrudure
reervoircoil: anadl diameer (~2 mradius grudurd, 10 an m agnetic)
throat coi l: sameas resxvoir qoi |
exit ol l: larger (arbitrary)
centra propd lant injedtor digned w/read or cent rd bore

B Asumed 80% effidency based on lower power EP exper ience

m Curent magnetic nozz e exper im ental cam pagn of NASALeRC/IOSULANL
detadhm ent probl em
noz4 e ded gn, fab, tex (He H,)
thrug augm entation prope lant injection (H,) jP0_con erence CHWIliam <@ LeRGp



Neoes ty for Coaxid Hdiaty Ejection Experim ent

Ef fedtive propul 9 on s/2 em requi res rem ova of large quantities (1,000 sM W pf char ged trangpor t pow er

from react or 3 gpe- of f layer for trand er to propul 9on s/ em (m agnetic noz2 €)

Power extradion mehod m ud have m nim umadver ® im padt on ignited, eady daeread or oper aion axd

will be very react or conoept  dependent
Current resear ch readt or diver tors serve m any fundam entdly different purposes

Coaxi d Hdidty Ejedion (CHE)gopear stobe aleading  resrwir

candi date m ehod for pow er extration through the diver tor Tf&p:a res 339059\N/ o
to endbl e pradica dired fud on propul 9on Dersty = 9.2 E+21 /m?

M agndic Fidd=11T

Prop Flow Rae =

00601 kyjse — P - T _________

Throa
Tem pesat ure = 247 eV
Presue =24 E+05N/m?
Dendty = 6.0 E+21/m?3
M agnetic Fidd=0.8 T

D iver tor
Tem pegt ure < 4,000 eV
Dendty (ion) < 2.0 E+20 /m3
Fud Flow Rate = 0.0023 kg/ «c

Exit

Flow Vdod ty = 397 km kec

| = 40,485 |b; =d Ib,

Totd Flow Rate = 0.0624 kg/ =c
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