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Objectives

* To evaluate the capability of a water-based Divertor Heat Pipe designed for heat fluxes as high as 20MW/m?Z, the first experiment focused on the boiling
limit of its evaporator with different sintered porous structures, (water) filling situations and heat sink conditions.

DEMO-Divertor Heat Pipe Concept (DIV-HP) Experimental heat transfer performance evaluation

 Divertor Heat Pipe target is made out of 230mm long cylindrical Heat > Method
Pipes (HPs) forming a staggered arrangement through which the

target coolant flows. * Water content is evaluated for three heat load ranges:

Heat load range Liquid inventory
* HP capillary structure uses sintered porous in evaporator and open 0-1MW/m? 1.5ml
grooves for the rest R 1-SMW/m* L.7m!
et A\ e & 5-20MW/m? 2.0ml
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* The heat sink’s coolant flow rate was set in 3 different ways :

Capillary part * (a) fixed flow rate (90I/h) maintained during different heating steps,

“>~~.__ with grooves

“~~\\Erlvelope 2\\ Vapor\ D% 2% * (b) flow rate adjusted to keep the coolant temperature increase constant (8°C ),

Plasma side

* (c) flow rate adjusted to keep the condenser temperature constant at 80°C.

2 & + Each HPEE was filled initially with 1.5ml and had its performance

Porous medlum

Divert tt bly with a Heat Pipe-based t t Individual Heat Pi
TR R I A TR Te R e TR evaluated by increasing the heat flux from 0.2 MW/m? stepwise with
Experiment for evaluation of the boiling limit typical jump of 0.2MW/m°, until there were signs of dry-out, the flow rate
* The experiment aims to evaluate the boiling limit; Increased to next level. Then, the water content was increased to the
» Specific Heat Pipe mock-ups focus on the evaporator performance next quantity and the investigation repeated.
(HPEE) under similar operating conditions as for DIV-HP. > Experimental results
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Temperature difference between evaporator and condenser (the solid line indicates a pure conductive heat transfer)
* The ATevaporator—condenser Of DOth HPEES were smaller than one from pure

conductive heat transfer:
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HPEE-1

Divertor Heat Pipe evaporator and Experiment mock-up model

* The difference reduced when liquid inventory increased until 2.0ml;

| « HPEE-2 didn’t show unstable temperature behavior with 2ml until 4.3MW/m?
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Mock-up with 9 thermal sensors 4 TEs : evaporator surface with Inserted 6 heater rods  For HPEE-1, at the same heat flux, the difference between the measured
. Heat loading was applied using an electric cooper heater: temperature at evaporator wall and vapor was lower with higher water content.
« HPEE’s temperature variation was monitored by 9 thermocouples; * ATwan-nos OF HPEE-2 was lower t_ha” one of FUFIEERL, s for the 1.5ml case.
. Power evaluated calorimetrically on the heat sink coolant side. * The flow rate changes show less impact on the boiling curve.

Conclusions

« HPEE-2 with grooves on sintered porous evaporator has better performance than HPEE-1,;

« Maximum heat flux 4.3MW/m? was reached with HPEE-2 filled 2ml water, and there was no sign of the localized dry-out. However, the electric copper
heater reached its operation limit.
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