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Terrestrial Fusion Power Abounds

Humans Ready to Explore Saturn to Find Life
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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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Nuclear Fusi on Propul si on Vehicl e
for Fast  Outer Solar System  Transpor tation

Vehicl e Charact eri st ics 
• Spherical  torus nucl ear fusi on react or plasm a sour ce (8,000 M W  total  fusi on power; D3He fueled)
• Single 5,000 to 7,000 lbf thrust  m agnetic nozzl e engi ne
• Speci fic im pulse:  20,000 to 50,000 sec (total  vehi cl e alpha = 4 kW /kg)
• Dual, count er rotating turboshaf t, gaseous Helium  Brayton power cycl e produci ng 400 M W e 
• Power suppor ts plasm a cur rent dri ve through neut ral  beam  inject ion, also RCS and refrigeration
• Continuous thrust  accel eration/decel eration radi al interplanetary transf ers
• 8 m onth one way Earth to Saturn trip tim e (8. 5 AU; w/ planetary ref uel ing)
• Zero-g habi tat for crew of 6

Direct  thrust  nucl ear fusi on propul si on usi ng magnetic nozzl e:
    a propul si on syst em  utilizi ng D3He to fuel  a fusi on react or,
    produci ng plasm a to direct ly heat  thrust  augm enting hydr ogen propel lant,
    which is confi ned and expanded by a m agnetic nozzl e to produce thrust



jpc99_conf erence. CHW illiam s@ LeRC.ppt

G lenn Research Center

Q Closed,  m agnetic conf inem ent conf iguration (as opposed to open or inertial)

X high power densi ty achi evabl e

X im proved conf inem ent

X densi ty, tem perature prof ile peaki ng

Q Sm all aspect  ratio spher ical  torus

X large tokam aks dom inate resear ch ef fort, fundi ng, but m ass and si ze unappeal ing for
space propul si on appl icat ions

X com pact  toroids (spher om aks, etc.), field rever sed,  etc. ver y attract ive for propul si on,
but largel y concept ual , lim ited react or databases m ake engi neer ing syst em
assessm ent s di fficul t

X Sm all aspect  ratio spher ical  torus sel ect ed

X com prom ise between tokam aks and m ore com pact  toroids

X ext rapol atabl e databases and react or m ass proper ties,  operations,  perform ance

X si m ilar attract ive features of  m ore com pact toroids

Rational e for Select ion of  Spherical  Torus
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Bootstrap Current Overdrive

Q Greater conf inem ent, fusi on product , requi red of  D3He fusi on --- greater
m agnetic fields,  favor ing higher  beta , im plies greater plasm a cur rent

Q Diffusi on driven,  boot st rap cur rent can be greater than requi red --- “over drive”

Q Bootstrap cur rent over drive m itigates large, ext ernal  cur rent drive

Q Resul tant plasm a prof ile usual ly does not m atch desi red equi librium  ---
ext ernal  tai loring of  prof ile requi red

Q Bootstrap cur rent over drive expect ed to faci litate plasm a cur rent cont rol
through fuel ing rate

Q W ith CHE, bootst rap cur rent over drive can adj ust  energy of  exhaust ed plasm a,
faci litating propul si on operation while m aintaining plasm a cont rol

Q Assum ed Fbs = 1.16 requi ring 108 M W  ext ernal  heat ing
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G lenn Research Center
Coaxial  Helici ty Eject ion

Q M agnetic hel ici ty approx product  of  toroidal  and pol oidal  m agnetic fluxes

Q Helici ty can be inject ed by suppl yi ng cur rent through diver tor while
m aintaining di fference of  potent ial  acr oss diver tor plates (power input )

Q Inver se process,  Coaxial  Helici ty Eject ion, expect ed to occur  upon shut down,
potent ial  m echanism  to cont rol  exhaust ing power for propul si on

Q CHE to work in concer t w ith boot st rap cur rent over drive to m aintain react or
steady state operation

Q Series of  exper im ents planned at DOE PPPL’s NSTX

X est abl ish CHE theory

X assess feasi bi lity of  CHE to enabl e propul si on

X perform  proof  of  concept  exper im ents in conj unct ion w ith al ready planned
DOE cam paign
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Q Used to direct ly conver t char ged transpor t power into thrust

X m ixes high enthal py react or plasm a w ith sl ush hydr ogen thrust  augm entation propel lant

X accel erate propel lant plasm a through diver ging m agnetic field lines

Q Largel y skel etal  desi gn

X 3 TF coi l-like m agnets (sm aller cur rent, sm aller field)

X light weight A l Gr/Ep com posi te struct ure

X reser voi r coi l: sm all diam eter (~ 2 m  radi us struct ural , 10 cm  m agnetic)

X throat coi l: sam e as  reser voi r coi l

X exi t coi l: larger (arbi trary)

X cent ral  propel lant inject or al igned w/ react or cent ral  bore

Q Assum ed 80%  effici ency based on lower power EP exper ience

Q Current m agnetic nozzl e exper im ental  cam paign of  NASA LeRC/OSU/LANL

X detachm ent probl em

X nozzl e desi gn, fab, test  (He, H2)

X thrust  augm entation propel lant inject ion (H2)

M agnetic Nozzl e
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Necessi ty for Coaxial  Helici ty Eject ion Exper im ent

• Ef fect ive propul si on syst em  requi res rem oval of  large quant ities (1,000’ s M W ) of  char ged transpor t power
from  react or scr ape-off layer  for transf er to propul si on syst em  (m agnetic nozzl e)

• Power  ext ract ion m ethod m ust have m inim um  adver se im pact on igni ted, steady state react or operation and
w ill be ver y react or concept  dependent

• Cur rent resear ch react or diver tors ser ve m any fundam ental ly di fferent purposes

• Coaxi al Helici ty Eject ion (CHE) appear s to be a leadi ng
candi date m ethod for power ext ract ion through the diver tor
to enabl e pract ical  direct  fusi on propul si on

Throat
Tem perat ure = 247 eV
Pressure = 2.4 E+05 N /m2

Densi ty = 6.0 E+21 /m3

M agnetic Field = 0.8 T
Flow Veloci ty = 199 km /sec

Reservoi r
Tem perat ure = 329 eV
Pressure = 4.9 E+05 N /m2

Densi ty = 9.2 E+21 /m3

M agnetic Field = 1.1 T

Exit
Flow Veloci ty = 397 km /sec
Isp = 40,485 lbf sec/ lbm
Total  Flow  Rate = 0.0624 kg/sec

Prop Flow Rate =
 0.0601 kg/ sec

Diver tor
Tem perat ure  <  4,000 eV
Densi ty (ion) < 2.0 E+20 /m3

Fuel  Flow Rate = 0.0023 kg/sec


