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Conclusions

Series CasesMotivation
In the SOL, heat is mainly carried by parallel transport, which is defined as:
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In fluid simulation, in order to close the hierarchical equations, 𝒒ǁ
𝒄𝒐𝒏𝒅 needs to be related to lower 

order parameters n, T or their derivatives. Based on Braginskii theory1,2, 
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However in recent years, it was found that in moderate collisionality, conductive heat flux can be 

larger than Braginskii heat flux due to non-local effect. So KIPP has been developed to investigate 

this issue.
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𝒄𝒐𝒏𝒗 Often neglected 

for electrons

Simulation Model and Assumptions

KIPP (Kinetic Code for Periphery Plasma)

The main equation to be solved in KIPP is Vlasov-Fokker Planck3,4,5
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• Distribution function 𝑓𝑒 is 3-D in phase space, 2D in velocity space 

and 1D in real space along B and B is constant.

• Perpendicular transport is not considered in KIPP.

• Pure e-D plasmas are assumed.

• Quasi-neutrality is held.

• No currents is assumed.

• The code is only focusing on electrons. So ion profiles need to be 

assumed first.

• 𝑇𝑒 = 𝑇𝑖

• 𝑛𝑒 = 𝑛𝑖

• 𝑣𝑒 = 𝑣𝑖

Assumptions for ions
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Electrons are 

reflected back into 

simulation domain Γ𝑒

Γ𝑖

𝑣𝑒 < 𝑣𝑐

• All parameters are non-dimensionalized by stagnation parameters

• Dimensionless length has been chosen as free parameter,  𝑠 =
𝐿

𝑠0
where 𝑠0 = 𝑣0𝜏0, Trubnikov7 mean 

free path at stagnation point

•  𝑆𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 is modeled in two ways:

a) Case A: fluid type correction of electron distribution 𝑓𝑒 by scaling and subtracting power uniformly

b) Case B: putting all electron particle source into one velocity cell with zero parallel and zero perpendicular velocities 

(extreme cold particle source)

1. For high collisionality cases,  𝑠 =
300,  𝑠 = 350,  𝑠 = 400,  𝑠 = 500, 

the parallel electron conductive 

heat flux is highly consistent with 

Braginskii theory. for lower 

collisionalities, it shows flux 

limiting upstream and large 

deviation near target.

2. For all collisionalities, the two 

cases with different particles 

show no difference.

3. Affected region is 3~5 times 

mean free path at target.

collisionality
Mean free 

path at 
target  λ𝒕

Affected 
region

 𝑠 = 50 6.0 22~50

 𝑠 = 100 3.8 88~100

 𝑠 = 150 2.2 141~150

 𝑠 = 200 1.0 195~200

 𝑠 = 250 0.4 248~250

• Total pressure conservation6: 2𝑛0𝑇0 = 2𝑛(𝑥)𝑇(𝑥) +

𝑛(𝑥)𝑚𝑖𝑣(𝑥)
2

• Parabolic 𝑣𝑖 is assumed along B: 𝑣𝑖(𝑥) =
𝑥2

𝐿2 𝑣𝑡

• Every time step, 𝑇𝑖 is evolving with 𝑇𝑒, then we 

could have new profiles for ion. Every time step, 

the above assumptions are held.

Boundary conditions

Heat Transmission Coefficient

No 
radiation

collisiona
lity

Case A Case B Classical

𝛾𝑒 Φ 𝛾𝑒 Φ 𝛾𝑒 Φ

 𝑠 = 50 4.980 2.928 4.990 2.930

5 3

 𝑠 = 100 5.175 2.987 5.179 2.988

 𝑠 = 150 5.291 3.018 5.294 3.018

 𝑠 = 200 5.394 3.038 5.397 3.038

 𝑠 = 250 5.509 3.057 5.512 3.079

 𝑠 = 300 5.512 3.079 5.517 3.080

 𝑠 = 400 4.787 3.039

 𝑠 = 500 4.111 2.992 4.118 2.995

Enhance 
radiation

collisiona
lity

Case A Case B

𝛾𝑒 Φ 𝛾𝑒 Φ

 𝑠 = 50 6.798 3.130 6.776 3.126

Enhanced Radiation Case

𝑓𝑒

𝑓𝑒

𝑣ǁ

𝑣ǁ

A

B

•  𝑆𝑟𝑎𝑑 is modeled in two ways:

a) Case A: fluid type correction, 

subtracting radiation power from 

all velocity cells

b) Case B: subtracting power only 

from high energy electrons

Initial state

𝑇𝑒

Update ion 

profiles:

𝑇𝑖 → 𝑣𝑖 → 𝑛𝑖

Update 

electron 

profiles

Power 

input

Free 

streaming

collision

E

Check if 

convergence 

is achived ?

yes

output

no

• Two models of particle source shows no difference, suggesting a possible simplification of the source 

function

• Two models of power sink shows no difference, emphasizing the leading role of Coulomb collisions in 

determining parallel fluxes and plasma parameter compared to fine kinetic details of electron 

interactions with neutrals and impurities.

• Given the particle and power source or sink, it makes no difference that whatever part of 𝑓𝑒 is 

responsible for the source or sink.

• However, the source and sink can be strongly influenced by high energy 𝑓𝑒 tail.

• Heat transmission coefficient 𝛾𝑒 varies much with collisionality. Especially for low collisional case with 

enhanced radiation, 𝛾𝑒 can be substantially increased due to nonlocal effect.

• Kinetic corrections to heat transport coefficient and heat transmission coefficient are necessary.

Outlook

At present, the KIPP result are obtained under very simple assumptions of ion model. As a next step, 

coupling of the electron kinetic description of KIPP with the ion fluid model of SOLPS(B2) and fluid 

neutral model is planned.
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