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Outline

• Introduction

• Preliminary test: EGENE on Scenario 4.1

• Scenario 4.2 static equilibrium design

✓ Start of flat top (SOF) case

• EGENE-METIS weak coupling on Scenario 4.2

✓ Ramp up phase
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Introduction

• CREATE-EGENE 
✓ CREATE-NL

✓ CREATE-L

• Inputs 
1. Total plasma current  Ip 

2. Coil currents  Icoils

3. Plasma current density Jφ

i. p’, ff’ 

ii. βp, li

• Outputs
1. Free-boundary equilibrium

2. Linearized model
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Preliminary test: EGENE on #4.1

• Preliminary test on Scenario 4.1 

• Static equilibria defined in Plant Integration Document (PID)

– XPF: X-point formation

– SOH: Start of heating

– SOF: Start of flat top
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Preliminary test: EGENE on #4.1 - 2

• Inputs PID:  Icoils , Ip, βp, li

• Outputs EGENE: q95, βp, li, ψ surfaces

• Agreement in terms of outputs and flux surfaces
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XPF@1.42MA

PID CNL εCNL [%] CL εCL [%]

βp 0.210 0.210 0 0.211 0

li 0.85 0.85 0 0.857 0.78

q95 9.19 9.12 -0.74 - -

CNL = EGENE CREATENL
CL = EGENE CREATEL



Scenario 4.2 static equilibrium design

• Research Plan → SOF target parameters (except for li)

D. Abate| Working group O5: Discharge simulator| VideoConference | 02 April 2020| Page 6



Scenario 4.2 static equilibrium design

• Scenario 4.2 static equilibria (XPF, SOH1,…)

• Not defined in PID

• Which inputs?  

teq , Ip, Jφ , Icoils → Need to be defined

• METIS time simulation* needed *see V. Ostuni talk

→ Ip(t), βp(t), li(t), p’(t), ff’(t)

• Coil currents?

• METIS/FEEQs * *see V. Ostuni talk

• Computed by EGENE using initial eq guess
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#4.2 SOF design -1

• METIS time evolution* of main quantities *see V. Ostuni talk

• Which Jφ in EGENE input?
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#4.2 SOF design -1

• METIS SOF q & Jφ profiles* *see V. Ostuni talk

• Which Jφ in EGENE input?
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#4.2 SOF design -2

• 3 different approaches to model Jφ in EGENE

1) “Scaled equilibrium” from SOF 4.1 using 

• li of SOF 4.1 (PID)  →li = 0.85

• βp of SOF 4.2 (Research plan) →βp= 1.15

2) βp , li METIS output 

→βp= 1.36

→ li = 0.5

3) p’, ff’ profiles METIS output

Jφ =
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#4.2 SOF design -2

• For cases 1) & 2):

a) Fixed aM = 1 i.e. “linear profile”   → estimated aN and b0

b) Fixed aN = 1 i.e. q0 ~ 1 → estimated aM and b0

c) Fixed b0 ~ bp → estimated  aM and aN
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#4.2 SOF design -3
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Within the chosen approach

• Agreement in βp, li & plasma shape

1)a) 1)b) 2)a) 2)b) 3)

PID 1) a) 1) b) METIS 2) a) 2) b) 3)

Ip 3.5 3.5 3.5 3.5 3.5 3.5 3.5

βp 1.15 1.15 1.15 1.36 1.36 1.36 1.48

li 0.85 (#4.1) 0.85 0.85 0.50 0.55 0.55 0.56

q0 - 0.68 0.81 1.40 1.44 1.61 2.12

q95 4.4 3.75 3.74 5.15 3.85 3.75 4.29



EGENE-METIS WEAK COUPLING -1

• Eq time instants defined using METIS simulation *
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EGENE-METIS WEAK COUPLING  -2

• Minor changes plasma shape managed with linearized models 

• The procedure is repeated for each time step 

• Initial guess scheme:
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WEAK COUPLING RESULTS

• EGENE vs METIS outputs 

• NBIs OFF → bp, li agreement

• NBIs ON → bp mismatch (same definitions?)

→ li mismatch (slightly different plasma shapes)
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Conclusions

• METIS-EGENE weak coupling can be successfully used 

to produce new scenario snapshots

• Particular focus on transition to  “full power” phase  

→match of bp and li

→Match of plasma shape

• Need of a reliable tool to compute active coil currents 

• If left to EGENE → number steps to change shape may become 

very large.

• Database of equilibria providing “nearest” linearized 

model to a given target snapshot
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Preliminary test: EGENE on #4.1 - 3
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SOH@1.84MA

PID CNL εCNL [%] CL εCL [%]

βp 0.35 0.35 0 0.35 0

li 0.85 0.85 0 0.857 0.78

q95 7.39 7.35 -0.49 - -

SOF@4.6MA

PID CNL εCNL [%] CL εCL [%]

βp 0.53 0.53 0 0.53 0

li 0.85 0.85 0 0.855 0.6

q95 2.73 2.71 -0.55 - -

SOH SOF

CNL = EGENE CREATENL
CL = EGENE CREATEL


