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Motivation Preliminary IR Measurements

» Determine which type of measurements are possible and feasible in HSX using the current IR camera
» Preliminary measurement locations:

» What is the role of perpendicular heat transport in the HSX edge? Current HSX camera specifications

» Divertor heat flux measurements are a common technique to infer edge heat transport information [1,2] _ _ _ _ Measarable range | 3.6-5 am AutoDesk Inventor
: : : . : : » Vessel wall at predicted strike point locations N view of current limiter
* HSX does not have a conventional divertor, but it currently has one limiter and a second is being constructed | I o d _ | d-1 de LCFS Refreshrate | 60 Hz (top) and future limiter
« IR measurements of the limiter will be used to study edge heat transport in HSX: Stk * Internal magnetic |agnost|c| ar_raybocate ~ lem outside I | _ Zr i'z (bottom) from
« Is there clear structure in the heat flux footprint? (suggests low X) trike plomt. measqrements are inconclusive ecal_Jse c_amera cannot resolve sma tem.perature rise - selected 6 inch port.
: » Magnetic diagnostic measurements are encouraging since structure and temperature rise are clear There is no direct line
* Is the heat flux footprint blurry/spread out? (suggests large X)) _ _ _ _ _ _ _ of sight to either
- Does the heat flux footprint agree with connection length profiles from field line following? Predicted Strike Points Unprocessed IR Image Calculated Temperature Rise Temperature Rise Profile Along Line limiter. so a mirror
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 Does the heat flux footprint agree with predictions from EMC3-EIRENE [3]?

* How does the footprint change with radial limiter position, various plasma parameters (ne, Te) and
magnetic configuration? :
g g QHS Mirror
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» Design mirror system to provide view of limiter from selected port

» Make IR measurements of side view of the limiter

» Use bench calibrated emissivity and window transmission to determine actual temperature rise
Distance along line (pixels) » Use thermal modeling (SolidWorks) to determine steady-state heat flux from temperature rise

« EMC3-EIRENE ]

= simulations for HSX
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g _ | _ * If a faster IR camera is acquired, determine heat flux directly from time-resolved IR

measurements
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» Does the heat flux measurement agree with EMC3-EIRENE predictions?

* If so, we can use a minimization technique to find the value of X that provides the best
agreement between the measurement and the prediction
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 Full 360 degree simulations of EMC3-EIRENE may be necessary to capture effects of
toroidally localized limiter

» Look for parameter dependence of heat flux footprint in several magnetic configurations of:

* How closely does the heat flux follow the connection length profile?
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Preliminary Calculations

» Are heat flux measurements feasible in HSX? Heat equation: oT ) e HSX Currently has a Single graphite limiter that Current HSX o Edge ne . DIII-F) T?rgclat HeatrFIUX .
* Where can we make heat flux measurements? E =aV-T was designed to sit 1 cm outside the LCFS in the limiter designed * Edge Te An example of the € °] 500 €
. . . ; ; L. . = 4 4 400 2
* Predicted strike points? L, the characteristic distance heat can travel: QHS contiguration by C. Clark. Tt » Limiter position meisol;;er;r?sn;r?sng]ar&c;dzl §3 | V. [0
« HSX Limiter? « This limiter is designed to intercept MEeasures b C ol g8 1200 8
- - - L=+vat approximately 45% of field lines in this approximately DI-D[d]weplanto £, g Ksi\ s
» Used worst-case scenario calculations to predict _ | Ppr HEly 2970 8.5 by 6 cm. It complete at HSX.  obnd ey
temperature rise of various cases Blackbody temperature rise during 50 ms configuration can be T oo
- The following assumptions were made: plasma shot: ME * A new limiter is currently being constructed to be: completgly . . ct,gé;fg[}liug;ﬁ; ;} —
- AT = . retracted an eat Flux [IR camera
« 96 kW of ECRH heating power Actual temperature br':‘;kbe“’dy c Iéargert it IR f inserted up to
Plasma absorbs 25% of this power (a et available ports several o | e e r e n C eS
conservative assumption) actual blackbody !
- e On a linear drive plasma. : . : :
* Plasma radiates 15 kW of the absorbed power Predicted Strike Points ) ol AutoDesk Inventor design of HSX 1. M. W. Jakubowski et al. “Overview of the results on divertor heat loads in RMP controlled H-mode
* This leaves roughly 10 kW to be deposited on * Fully retrac,tta € vacuum vessel and QHS flux plasmas on DIII-D.” Nucl. Fusion 49 (2009).
the Strike pOiﬂtS/limitel’ Surface Area | Area (m?) | Mass (kg) | Blackbody Rise (°C) | Actual Rise (°C) 'Able fo be |.nserted Up to Sevel‘al cm Field line Sr:JrfaceS. TTISIS thelhelica(ljcut Wherg 2 V. A. SOUkhanOVSkii et al. “Divertor heat ﬂUX m|t|gat|0n in high-performance H'mOde diSChargeS in
« The limiter and strike points are heated evenly > e v 0201 Into the confined plasma following the current limiter is located (top) an the National Spherical Torus Experiment.” Nucl. Fusion 40 (2009).
: 10 % 1.05 3.655 0.274 0.151 « Equipped with nearbv ports for future connection where the second limiter will be _ _ _ _ _
over their surface area 25 % 2605 | 9137 0.109 0.060 UI’?I i?]p SDeCl0Se0 y %r clectrical lengths for inserted (at same location on bottom). 3. Y. Feng et al. “3D edge modeling and island divertor physics.” Contrb. Plasma Physics. 44 (2004).
* The heat deposition takes place during 50 ms 50 % 525 | 1827 0.055 0.030 EX eF:imge’ntg 4 current limiter Since space is available, the new 4. A. Bader et al. “Simulations of edge configurations in quasi-helically symmetric geometry using
Stainless Steel Graphite Graphite Limiter Aut Dp kI tor is bei d to design th as cesignedin illgxtv?rr]g\glv ilrsz arger o provide more EMC3-EIRENE." Nucl. Fusion 53 (2013).
« AutoDesk Inventor is being used to design the QHS : . . . . . . .
Emissivity 0.5 Emissivity 0.7 Area () | Mass (2) | Blackbody Rise (°C) | Actual Rise (°C) new limiter and the optical system (i.e. the camera configuration. > H. Frertl_chs ei alt.) 'tlfhree” cll\llmelnlszlon_al eggezt(r)ir(l)sport simulations for DIII-D plasmas with resonant
Heat capacity | 0.5 J/g/°C Heat capacity | 071 1/g/°C 5518 y s : position and mirror geometry and location) S — magnetic perturbations.” Nucl. Fusion 50 ( ).
Thermal diffusivity | 4.2 mm?s Thermal diffusivity | 3.6 mm?/s 40 3.528 88.98 62.28 . -
Density 7600 ke/m’ Density 21 glom? This work supported by US DOE Grant DE-FG02-93ER54222
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