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2 Progress in predictions of divertor plasma characteristics in 
NHTX 

• Introduction to NHTX
• Code description
• Detailed calculations for single configuration

– Power scan from 10-50 MW at neped ~ 1.5e20
– Density scan from 7.5e19 - 3e20 at Pheat=30 MW
– Recycling scan from 0.9-0.99 
– Impurity radiation scans for carbon, neon, argon

• Calculations for three other configurations
• Discussion and conclusions
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SOLPS is used to calculate SOL plasma properties  

• SOLPS: Scrape Off Layer Plasma Simulation
– 2D plasma fluid code (B2.5)

• Plasma transport through SOL to targets
– Monte Carlo neutrals code (Eirene)

• Takes wall fluxes, returns neutral sources to B2
– Two are coupled via

• Atomic processes (ionization, recombination)
• Plasma-wall process (recycling, sputtering)

• Used to model the edge of tokamak 
plasmas
– Core parameters are an input to the code
– Here we’re interested in n, T, heat/particle fluxes 

at targets 
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Assumptions used in NHTX modeling

• Pure deuterium plasmas
– Transport of impurities not included
– Radiation added using constant impurity concentration

• Transport
– Classical in parallel direction
– Anomalous transport coefficients perpendicular to B

⇒ NHTX: D, χ

 

= 0.4, 1.6 m2/s

• Boundary conditions used
– Core 

• Input power fixed to values between 10 and 50 MW
• Density fixed between 7.5x1019 and 3.0x1020 m-3

– Targets
• Recycling coefficients set to 0.90-0.99 (1 elsewhere)
• No sputtering included at this point



8 2-D SOL and divertor calculations completed for four 
different configurations 

DN fexp ~ 21       DN fexp ~ 10      LSN fexp ~ 5  DN slot fexp ~ 25 
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Comparison of Equilibrium to Computational Grid 
Te (eV

)

2D quantities calculated…

1D quantities plotted along left and right targets, midplane

96 x 36 grid
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Midplane profiles at fixed core density, P = 10 – 50 MW 
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Ion/electron heat fluxes are larger at outboard divertor leg
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Total heat flux is up 70 MW/m2 at outer target 
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13 SOL plasma is sheath-limited near separatrix: 
T, n ~ midplane values
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Outline 

• Introduction to NHTX
• Code description
• Detailed calculations for single  configuration

– Power scan from 10-50 MW at neped ~ 1.5e20
– Density scan from 7.5e19 - 3e20 at Pheat=30 MW
– Recycling scan from 0.9-0.99 
– Impurity radiation scans for carbon, neon, argon

• Calculations for three other configurations
• Discussion and conclusions
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Midplane profiles at fixed power (30MW), ncore = 0.75-3.0e20
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Peak heat flux is fairly insensitive to separatrix density 
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Divertor plasma remains sheath-limited near separatrix
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18 Recycling scan: away from separatrix, divertor moves 
towards high-recycling regime
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19 Recycling scan: away from separatrix, divertor moves 
towards high-recycling regime
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Adding impurities shows SOL radiation is limited at these Te
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Outline 

• Introduction to NHTX
• Code description
• Detailed calculations for single  configuration

– Power scan from 10-50 MW at neped ~ 1.5e20
– Density scan from 7.5e19 - 3e20 at Pheat=30 MW
– Recycling scan from 0.9-0.99 
– Impurity radiation scans for carbon, neon, argon

• Calculations for three other configurations
• Discussion and conclusions



24 2-D SOL and divertor calculations completed for four 
different configurations 

DN fexp ~ 21       DN fexp ~ 10      LSN fexp ~ 5  DN slot fexp ~ 25 

54 56 57 58
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Discussion and Conclusions

• Transport is sheath limited near separatrix in both inner and 
outer divertor legs
– Peak heat flux increases roughly linearly with input power
– Heat flux is nearly independent of density, recycling coefficient
– High electron temperature makes radiative solution difficult

• Needs more work – self consistent impurity production/transport, etc.
– SOL approaching conduction limit away from separatrix

• In outer leg at higher density/recycling coefficient
• At inner leg with low input power

• Configuration scan shows effects of flux expansion and 
number of divertors
– Heat flux profiles broader with high FE
– LSN, low FE case has very high peak heat flux
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Discussion and Conclusions

• NHTX allows a wide operational range of heat fluxes for 
PFC evaluation
– Can be varied by a factor of ~ 10
– Heat flux can be very high – well above 10 MW/m2

• Results illustrate the challenge of high heat flux boundary
– Initial modeling shows unacceptably high target temperature, little 

control over heat flux
– Target geometry optimization, more sophisticated use of radiators 

(impurity mixes, low-power startup), etc. will be necessary to bring 
boundary under control
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Basic predictions of power scan - upper divertor
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31 Basic predictions of power scan – ion temperature and 
atomic density 
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an3dl an3dr 
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Basic predictions of recycling scan - divertor

ti3dl ti3dr 

an3dl an3dr 
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Adding impurities shows SOL radiation is limited at these Te
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200054 Basic predictions of power scan - divertor

ft3dl ft3dr 
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200054 Basic predictions of power scan - divertor

ne3dl ne3dr 

te3dl te3dr 
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200057 Basic predictions of power scan - divertor

ft3dl ft3dr 
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200057 Basic predictions of power scan - divertor

ne3dl ne3dr 

te3dl te3dr 
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200058 Basic predictions of power scan - divertor
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Artificial Radiation Model

T (eV)

Lz
(W

m
3 )

Fixed impurity concentration f: nZ = f*ne
Radiated power is LZ ne*nZ
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200058 Basic predictions of power scan - divertor

ne3dl ne3dr 

te3dl te3dr 

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4
0.0

0.5

1.0

1.5

Electron Density Left Divertor

Distance along Target (m)

ne
 (1

E2
0 

/m
^3

)

-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Electron Density Right Divertor

Distance along Target (m)

ne
 (1

E2
0 

/m
^3

)

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4
0

50

100

150

200

250

300

350

400

Electron Temperature Left Divertor

Distance along Target (m)

Te
 (e

V
)

-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0

100

200

300

400

500

600

Electron Temperature Right Divertor

Distance along Target (m)

Te
 (e

V
)

10 MW

20 MW

30 MW

40 MW

50 MW


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Backup
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40

