
APEX-TASK IV
EVOLVE 

(A W-alloy structure, vaporized Li blanket concept)

• W-5%Re, is the primary candidate structural material  
(Tmax<1400 C)

• High operating temperature implies high CCGT power      
conversion efficiency (~58%) is possible.

• Vaporizing lithium allows very low operating pressure  
(< 0.2 MPa).

• The temperature variation throughout the first wall 
and blanket is minimized. (Tin=900 C, Tout=1200 C)

• Slow lithium flow rate implies MHD insulator coating 
is not required.

Task summary presented at the 
July 2000 VLT monthly Conference Call



EVOLVE TASKS
(FOCUSED ON ADDRESSING CRITICAL ISSUES)

• FW/blanket configuration
• Blanket lithium boiling analysis
• First Wall/Blanket Li transpiration cooling analysis
• Neutronics
• Materials evaluation
• W-alloy fabrication and joining
• Safety: afterheat removal and leak propagation
• POP MHD experiments
• Structural analysis
• Tritium
• Configuration CAD
• Power conversion



Schematic of EVOLVE First Wall Tubes and Blanket Trays
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• New nuclear heating values are calculated based on the previous void fractions

Nuclear Heating (W/cm3) Distribution in OB Tray
Using Second Iteration Vapor Fraction Distribution

104.4
104.5 13.5 11.9 10.4 9.3 8.4 56.7
105.5 13.7 12.1 10.6 9.5 8.5 55.8
106.4 14.1 12.3 10.9 9.8 8.8 54.8
107.2 14.6 12.6 11.5 10.3 9.3 53.8
109.0 27.0 23.1 20.0 17.7 16.0 52.7
109.0 98.0 84.2 72.9 64.1 56.8 50.5
110.0

Final Iterated Void Fraction Distribution

• Essentially no change from previous void distribution (convergence)
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	Figure 2:	Evaporation Cooling of a high heat loaded wall
	through a porous structure.
	
	
	
	
	
	The Pressure Balance
	Lithium: [Vargaftik]







	Density
	Viscosity
	Liquid				�l	=  0.169E-3	Ns/m2
	Heat conductivity
	Liquid				�l	=  62.1		W/m -K (T = 1300K)
	
	
	
	
	Heat of vaporization	HLi	=  19.757E+6	Ws/kg





	Electrical conductivity	�el	=  3.03E+6		A/Vm (T = 400˚C)
	Tungsten:
	QFIeff = (ra/rv)*QF + tW*QVMW + w*QVMGAP
	For full height  (� = �):
	For full height (� = �) and

	Pressure drop of the liquid in the capillary:
	MHD pressure drop in the feeding gap due to poloidal field:

	The pressure jump through the evaporation surface:
	
	
	
	
	
	
	
	M	= 6.94		kg/kmole]  	Molecular weight of lithium






	Fig. 5	Capillary pressure head and the total pressure drop in dependence of the capillary diameter dC and of the first wall feeding gap width w respectively.


	Fig. 6  Sketch of the MHD controlled height of the lithium level
	Fig. 8   Transpiration Cooled First Wall and Blanket EVOLVE Concept
	Version 1: Toroidal First Wall Channels
	Section A – A,	all dimensions out of scale!
	Fig. 9   Transpiration Cooled First Wall and Blanket EVOLVE Concept
	Version 1: Toroidal First Wall Channels
	Fig.10   Transpiration Cooled First Wall and Blanket EVOLVE Concept
	
	
	Version 2: Poloidal First Wall Channels



	Fig.11   Transpiration Cooled First Wall and Blanket EVOLVE Concept
	Version 2:	Poloidal First Wall Channels
	Fig.12   Transpiration Cooled First Wall and Blanket EVOLVE Concept
	
	
	
	Version 2:	Poloidal First Wall Channels




	Fig.13   Transpiration Cooled First Wall and Blanket EVOLVE Concept
	Version 2:	Poloidal First Wall Channels
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