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Heat Flux Scaling 

•  With better knowledge of the physics controlling 
target heat width, there is a better chance of 
knowing how to scale measured widths in present 
tokamaks to ITER, FNSF, DEMO 
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TEST HYPOTHESIS: Spitzer Electron Conduction Dominates at 
Medium Density, Flux-limited Elec. Heat Convection at Low 
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The Thomson System Provides Excellent Profiles 
Across the Separatrix 
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The Reciprocating Probe (RCP) and Thomson Data 
Agree Very Well Where they Overlap 
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The Definition of “Width” Used Here 

•  In this work all Thomson widths are the gradient lengths from 
3rd order polynomial fits to the measured profiles over a span 
of ~10 mm centered on the separatrix, then mapped to the 
outside midplane 

 
•  Outer target power widths are exponential fits to the power 

profiles on the common flux side, then mapped to the outside 
midplane 
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Te  Radial Decay Lengths from Time-averaged 
Thomson Data Over the Steady Part of Each Shot 
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ne  Radial Decay Lengths from Time-averaged 
Thomson Data Over the Steady Part of Each Shot 
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The Spitzer and the Flux-limited Power Widths 
are Both Correlated with Plasma Current  

Spitzer
qλ

limflux
q

−λ = 3.44/Ip0.66 
R² = 0.61 

 = 2.1/Ip0.22 
R² = 0.13 0 

2 

4 

6 

8 

0.4 0.8 1.2 1.6 

(mm) 

Ip [MA] 

effect of uncertainty in 
separatrix location  



113-11/PCS/rs 
P.C. Stangeby/APS/November 2011 

Ratios of Measured Target Power Width to Spitzer and Flux-limited 
Power Widths are Consistent with TEST HYPOTHESIS, Although Scatter/
Error is Significant 
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•   Error is mainly due to 
uncertainty in 
separatrix location 

•   Lines are best fits to a 
power-law relation    

 

•  Convergence of 
Spitzer and flux-limited 
is theoretically 
predicted to occur at  
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The Ip-dependence of the Target Power Width is due 
to the Ip-dependence of the Upstream Density Width 
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Conclusions 

•  The hypothesis that Spitzer electron heat conduction controls 
parallel power transport in the SOL at medium density while 
flux-limited electron parallel heat convection is controlling at 
low density, is supported by measurements of upstream ne 
and Te widths and target power widths in a current scan of 
DIII-D H-mode discharges 

•  For the discharges analyzed here the Ip-dependence of the 
target power width is due to the Ip-dependence of the 
upstream density width   

 
•  Future work will focus on density scans (with Ip constant) and 

higher density where volumetric power loss in the divertor 
becomes strong and detachment is approached 
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Additional Slides 
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For High Collisionality, nu_SOL_e > ~15, Volumetric Power Loss in the 
Divertor Becomes Significant, > ~50%. Such Shots are Excluded Here 
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Discussion 
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