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ODbjective/Motivation

! Primary objective:

To evaluate and experimentally-validate the thermal performance
of leading Gas-Cooled Divertor Module Designs

I Motivation:

Leading gas-cooled divertor module designs rely on jet
impingement cooling to achieve the desired levels of performance

Heat fluxes up to 10 MW/m? can be accommodated

Performance is “robust” with respect to manufacturing tolerances
and variations in flow distribution

Extremely high heat transfer coefficients (~ 50 kW/m?2.K) predicted
by commercial CFD codes used for the design

It was deemed necessary to experimentally validate the numerical
results in light of the extremely high heat transfer coefficients



Approach/Outcomes

! Approach:

— Design test modules that closely match the geometry of the proposed
leading divertor module designs

— Conduct experiments at conditions matching/spanning expected non-
dimensional parameter range for prototypical operating conditions

— Measure detailed temperature distributions

— Compare experimental data to performance predicted by commercial CFD
software for test geometry/conditions

I Outcomes:

— Enhanced confidence in predicted performance by CFD codes at
prototypical and off-normal operating conditions

— Validated CFD codes can be confidently used to optimize/modify design

— Performance sensitivity to changes in geometry and/or operating
conditions can be used to define/establish manufacturing tolerances



Scope

All Leading Gas-Cooled Divertor Designs

I FZK Helium-Cooled Multi-Jet (HEMJ),
Norajitra, et al. (2005)

I ARIES-CS T-Tube Design, Ihli, et al. (2006)

I ARIES-TNS Plate Design, Malang, Wang,
et al. (2008)

— Metal-Foam-Enhanced Plate Design, Sharafat,
et al. (2007)

—Pin (Fin)-Enhanced Plate Design -- in Progress
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Metal Refractory

Advantages

Customizable pore size and
porosity

— to optimize HTC/pressure drop
High Surface Area

Low Pressure Drop

N\
pen-Cell Foam

(Ultramet, 2008)

GT specifics

*Molybdenum

2 mm thick

*45 ppi (70% porosity)
*65 ppi (88% porosity)
*100 ppi (86% porosity)
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GT Air Flow Loop
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[MPa] 0.1-0.5 04-0.5
Mass Flow Rate 61—344 118 — 528
[9/(s-m)]
Inlet Temp. [°C] 23 23
Hydraulic Diameter 0.8 4
D,, [mm]
Re (x10%) 1.1-6.8 1.3-6.8

Pr

0.73

0.73
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Temperature (C)

MFR = 26 g/s
g’ = 0.5 MW/m?
5
X (mm)
e Holes = Slot:

(Re, = 66,000; Re_, = 36,000)

havg_holes - 1'33*havg_slot
AI:,,holes - 1'QG*AP,slot




MFR =13 g/s
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~ AtMFR =13 g/s, the avg. HTC enhancement with foam is 19%.

At MFR = 26 g/s, the avg. HTC enhancement with foam is only 7%
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Temperature (C)
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Decreasing AP’
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Numerical Model
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Structure
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Results — Temperature Contours

Uniform incident heat flux in center of concentrator (Re = 35,000)

23



Results - HTC & Temp. Profiles
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FLUENT vs. Experimental
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Medium Flow/ Medium Power
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k-€ turbulence model overpredicts HTC by ~15% for the
low flow case and ~20% for the medium flow case

*Spalart-Allmaras turbulence model overpredicts HTC by
~5% for low flow case and ~2% for the medium flow case
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Summary — Flat Plate Divertor Study

I Experimentally examined thermal performance
of a prototypical flat-plate divertor module

I Six variations of the flat-plate divertor concept
were studied and evaluated in terms of heat
transfer coefficient and pressure drop

I These results provide a key dataset for
validating commercial CFD codes and models
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Conclusions and Contributions

Designed and constructed experimental test modules duplicating
complex geometries of leading three He-cooled divertor designs

Conducted experiments at dynamically-similar conditions
matching/spanning expected prototypical operating conditions

Constructed detailed numerical models with commercial CFD
software to predict performance of experimental Apparatuses
Good agreement between experimental and numerical results

— Results confirm validity of high heat transfer coefficients predicted in
preliminary design calculations

— Confirmed that these divertor designs can accommodate incident heat flux
values up to 10 MW/m?

Validated CFD Codes can be used with confidence to predict
performance of gas-cooled components with complex geometries

— Optimize/modify design and/or operating conditions

— Quantify sensitivity of performance to changes in operating conditions
and/or geometry due to manufacturing tolerances
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