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INTRODUCTION 
• EU DEMO TF coils currently in the design phase within WPMAG 

• Short sample of the conductor proposed by ENEA for TF coils [1] 

tested in SULTAN in 2016  first thermal-hydraulic characterization 

AIM 
• Assess friction factor correlations accuracy against experiment 

• Calibrate hole-to-bundle heat transfer in 4C code [2], used in the TF 

coils design phase [3] 
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• STAR-CCM+ used 
• Domain: 23 pitches 
• 1.3 polyhedral Mcells 
• 3D, steady state, incompressible flow 
• k-w SST turbulence model 
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Entry effect ~10 pitches, 

then periodic flow field 

(period ~5 pitches) 
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Best fit for hole: 

𝑓𝐵𝑙𝑎𝑠𝑖𝑢𝑠 (𝑅𝑒) = 0.1687 ∙ 𝑅𝑒−0.1129 

for 25000<Re<150000 

Set of friction correlations is in 

excellent agreement with 

measurements 
B/H heat transfer model: 

• He mass exchange across perforation + 

• Thermal contact (series of thermal resistances): 

- across spiral wall 

- of He in the gap: uncertainty! 

Calibration of computed 

Tjk evolution using heat 

slug data from sample 

 MH ~17.5 • Fast T homogenization, < ¾ of 

last cabling stage twist pitch 

(~0.69 m) 

•  large heat (and mass) 

transfer across the spiral 

CONCLUSIONS 
• TEST: well-instrumented, short sample of the ENEA conductor proposal for 

the DEMO TF coils underwent successful TH characterization in SULTAN 

• ANALYSIS: 

– Friction: CFD-based correlation for hole + Darcy-Forchheimer for bundle 

successfully reproduce exp. data 

– Heat transfer: 

• Characteristic length of temperature homogenization on the conductor 

cross section < ¾ of the last cabling stage twist pitch 

• B/H heat transfer computed from standard thermal resistance model, 

suitably enhanced to account for local turbulence 

2 holes (H) twisted with the 

last cabling stage 

3. TEST RESULTS 

Test program: 
• Hydraulic characteristic 
• Heat slugs by 

• Jacket heater 
• Inlet heater 

Area: envelope of 

exp Tjk at the same 

axial location 

Sample length ~2.5 m 

TH instrumentation 


