
Overview

Pulse operation is anticipated to be implemented during the initial phase of JA DEMO operation[3] 
➡︎ Cyclic thermal stress caused by the heat load deposited on limiter lead to thermal fatigue 
and possibly dominates the lifespan of the limiter

Heat load on limiter during pulse operation
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➡︎ Limiter width > 150 mm, Height ≧ 30 mm
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JA DEMO[1] Poloidal horseshoe limiter[2]
・Discretized in toroidal 
・Circulated in poloidal 
・Tungsten mono-block PFU 
・RAFM heat sink •Evaluate the heat load during pulse operation  

• Evaluate the thermal stress in the PFU of the limiter and propose an improvement for PFU design
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Plasma operation scenario

Design of limiter surface[8]
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w : 300 mm (2.4% FW/ approx. 87% FW is Blanket) 
h : 30 mm

Charge particle heat load[9]
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After L-H transition at 70s 
λ(near)  =  1 mm 
λ(far)     =  50 mm 

time = 27s
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Design of inboard limiter
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Cooling water 
15.5 MPa, 290 ℃, 5 m/s

Tungsten monoblock 
with F82H steel[10] pipe
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Thermal stress on tungsten monoblock
Temperature

Instantaneous high heat load 
➡︎ Much less temperature rise in F82H pipe

Stress and plastic deformation at flat-top condition

➡︎ Below yield stress[12]
Charged particle heat load on inboard limiter

After L-H transition[4] 
Psep(near) =  50% Psep 
Psep(far)   =  50% Psep

heat load

Plastic deformation → low stress

Interlayer

➡︎ Below yield stress

 Achievement

Titanium interlayer Titanium interlayerCopper interlayer Copper interlayer

• The highest heat load on limiter is 2.8MW/m2 at ramp-up phase, 2.4MW/m2 at flat-top phase 
•PFU with copper interlayer depicts high and critical stress on F82H pipe 
• PFU with titanium interlayer absorbs the thermal stress and lowers F82H pipe's stress

Additional 0.5MW/m2 for other FW 
heat load components is expected[9]
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Long-term high heat load → thermal equilibrium 
➡︎ Higher temperature and thermal stress 
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➡︎ Plastic deformation proceeds 
according to pulse discharge
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Compositions of stress on F82H pipe
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Max. Principal stresstensile stress at circ. direc. tensile stress at axial direc.
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Critical stress on F82H pipe decrease to 48%

Lim. conf. → Div. conf. 
at 27s

Div. conf. → Lim. conf. 
at 7460s

H
ea

t F
lu
x 
[M

W
/m

2 ]

(Unit :℃)

(Unit :MW/m2)

(Unit :℃)

 (Unit : MPa)

 (Unit : MPa)

(Unit : mm/mm)

 (Unit : MPa)

(Unit : mm/mm)

https://www.azom.com/article.aspx?ArticleID=1341

