
Dale M. Meade

 
20th IEEE/NPSS Symposium on Fusion Engineering

San Diego, CA

October 15, 2003

FIRE Lighting the Way to Fusion

for the  National FIRE Study Team

http://fire.pppl.gov

Exploring ARIES-like

Advanced Burning Plasma Regimes in FIRE



A Decade of Studies has Identified the 
Requirements for Attractive Fusion Power 

Fusion Power Plant
ARIES-AT

Fusion Power 1,800 MW
Plasma Volume   350 m3

• A burning plasma experiment needs the capability
  to explore advanced tokamak operation

Advanced Tokamak Features

• Self heated by fusion products (~90%)

•  Smaller size 

 - Improved confinement (reduced turbulence)

•  High fusion power density for economics

 - ~ p2  ~ β2B4   (βN > 4)

• Efficient steady - state operation

 - self generated confinement magnetic field
  (bootstrap current)   (>75%)  



FIRE will Emphasize Advanced Tokamak Goals

Burning Plasma Physics

Q   ~ 10 as target,    ignition not precluded

fα = Pα/Pheat   ~ 66% as target, up to 83% at Q = 25

TAE/EPM                  stable at nominal point, able to access unstable

Advanced Toroidal Physics

fbs = Ibs/Ip    ~ 80% (goal)

βN         ~ 4.0, n  = 1 wall stabilized

Pressure profile evolution and burn control > 10 τE

Alpha ash accumulation/pumping > several τHe

Plasma current profile evolution 2 to 5 τskin

Divertor pumping and heat removal several τdivertor 
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Quasi-stationary Burn Duration (use plasma time scales)
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The FIRE Design has Adopted ARIES-RS Plasma Features

FIRE Cross/Persp3-10/10/02

AT Features

• strong shaping
  κx, κa = 2.0, 1.85
  δx, δ95 = 0.7, 0.55

• segmented central
  solenoid
 
• double null
  double divertor pumped

• low ripple (<0.3%)

• internal control coils

• space for RWM
   stabilizers

• inside pellet
  injection

Vertical Feedback Coil

Passive Stabilizer Plates
space for RWM stabilizers

Direct and Guided Inside Pellet Injection

 2.14m 
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Alpha ash pumping on cryosorption panels (32)
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Fusion Ignition Research Experiment
(FIRE)

Design Features
• R =   2.14 m,   a = 0.595 m
• B =     10 T    (~6.5 T AT)
• Wmag= 5.2 GJ
• Ip =     7.7 MA  (~5 MA AT) 
• Paux ≤ 20 MW
• Q ≈ 10,  Pfusion  ~ 150 MW
• Burn Time ≈ 20 s ( ~ 40 s AT)
• Tokamak Cost ≈ $350M (FY02)
• Total Project Co st ≈ $1.2B (FY02)

at Green Field site.

http://fire.pppl.gov
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magnetically-confined fusion-dominated plasmas.
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Mission: Attain, explore, understand and optimize
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1,400 tonne




