Cathode and Anode

Anode and cathode are the most unconventional items in Proto-Sphera and are demanding from thermo-mechanical point of view.

Cathode

Cathode is composed of 6 main sectors, powered each by a phase of an exapolar AC power supply.

Each sector is composed of 7 dispenser each assembling 12 coils.

Cathode main features

Main Sectors

: 6

Dispenser material      
: Mo/W-CU(5%)

Nuts&Bolts

: Tantalum

Insulators

: Alumina

Dispenser for Sector
: 6

Coils for Dispenser
: 12

Coil Material 

: W-Th(2%)

Coil Work Temperature
: 2673 Kelvin

Turns Number

: 8

Wire Diameter

: 2 mm

Coil Diameter

: 14 mm

Coil Length

: 30 mm

Wire Length

: 40 cm

Coil Surface

: 25 cm2

Coil Weight

: 24.2 10-3 Kg

Coils Number
  
: 432

Electron Emission Density:6 Amp/cm2

Emission for each coil
  :150 Amp

Max electron Emission
  :64.8 kAmp

Voltage Power Supply
  : 15 V

Total Cathode Current
  : 60 kAmp

Heating time

  : 15 sec

Est. Heating Energy
  : 8.9 MJ
Est Arc Energy Dep
  : 2 MJ
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Fig. 1 - 2D View of the Cathode Ring and the Coils Dispenser
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Fig. 2 - 3D View of the Cathode and Load Assembly
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Fig 3 – 3D View of the Cathode

· New Equilibria allows to increase  cathode ring diameter to 1000 mm

· Height of dispenser can be set to 120 mm

Coils Testbench

A coils testbench consisting of a vacuum chamber  with water heat removal with 4 ports has been built by Livio Bettinali and it is almost ready.

The testbench consist of

· Vacuum Pump

· Power Generator Imax=20 V 250 Amp

· Water cooling system ………

 4 flangies 

· 1 for vacuum pump,

· 1 for feedtrought for coils

· 1 for window,

· 1 up to now blind

· Termocouples : Tungsten-Renium 5% Tungsten-Renium 26% 

· Simple Coils Dispenser ( as soon as possible similar to the dispenser to use in Proto-Sphera)

Each coil must satisfy the following requirements:

Requirement
Answ
Action

Dispenser must be individually replaceable
ok
none

Each coil can be individually replaceable
?
Test fixing wire. CT

Must work in presence of B field up to 3.5 kG
ok
none

Heating time to working temperature
<20 s
ok
none

Least  possible perturbation to B field
?
Test special coil. CT

No Wires short-circuit due to after 100 hours
?
Creep test. CT

Heat removal seems to be necessary (7 MJ)
?
Thermal computation

Number of arc pulse incl. metalization> 3000 
? 
Creep + Alumina problem CT





Time to start : 1 Month

Testing time  : 6 Months

Cathode Heat Load

The ground value of the heat load in the cathode region can be estimated looking at the energy necessary to hold up the cathode to 2673 K.

Taking the Specific Heat of the tungsten as function of the temperature we have :
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Fig 4 Specific Heat Vs. Temperature

AvCpW=155.8

DTW = 2673 Kelvin

AvCpW = 157  Joule/(Kelvin Kg)

CoilWeigth = 24.2 10-3 Kg

Ncoils = 432

Qh = Ncoil * CoilWeigth * AvCpW * DTW = 3.9 MJ

The Heat Load coming from the arc is:

Varc = 100 V

Iarc = 60 kA

Tarc = 1 sec

Qarc = Varc * Iarc * Tarc = 6 MJ

Qcarc = 1/3 Qarc = 2 MJ

The total Heat load to the cathode cannot be less than 5.9 MJ
Extrapolation from Proto-Pinch Results 
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Fig. 5 - Proto-Pinch Voltage Vs Time
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Fig 6 - Proto-Pinch Current Vs. Time
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Fig. 7 - Proto-Pinch - Electric Power Vs. time - First shoot : Cold Cathode -

ProtoPinch cathode = 600 Amp = 1 Module

Nmod = 100
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Fig. 8 - Proto-Pinch - Electric Power Vs. time - Next shoot : Warm Cathode 

ProtoPinch cathode = 600 Amp = 1 Module ;Nmod = 100
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Energy Load 8.9 - 10.6 MJ
Check With Spangenberg Table

Check point to 2673 Kelvin

T = 2673 Kelvin
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Pm = (4 * 155.7 * 16.0) = 9.97  kW
That it is the power after 21 sec when the temperatures reach 2673 Kelvin

This is rougly the same do we have in Proto-Pinch.
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The Temperature value match with Optical pirometer and with electron  emissivity too.

How to remove Heat ?

Circular Plate on the top and bottom of the cathode

If all the power irradiated from the cathode would go over the plates :

Rp= 0.5 Meter

Rhole = 0.2 Meter

Sp = 2 * 0.05 Meter
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It is  more rasoneable that no more than half power goes to the plate 

That means on the plate DT = 23 Kelvin
· It is better to try to control a part of energy building a Black Heat Sink 

· It is better the freedom to diffuse energy everywere

· 10 MJ in 10 Tons mainly Inox  means

Numerical computation will be done by Claudio Nardi

Modeling both scenarios

Required Time: 3 weeks

Anode

The problem related to the anode seems to be essentially solved.

The anode is a ring composed of 4 sectors containing 8 anode modules each, packed with 2 copper ring plate with an inner water circuit for the heat removal. The module body is made of copper with a tile of W-CU(5%) tightly coupled to the copper body in the face exposed to arc.

In each tile there are 30 holes of 10-mm diameter for the gas puff. The gas puffing trough holes is essential to spread arc energy and avoid melting of the tile

Anode main features

Main Sectors

            : 4

Module material      
            : Cu

Nuts&Bolts

            : Inconel

Module for Sector
            : 8

Protection Tile material
: W-Cu(5%)

Tile Work Temperature
: > 1000 C

Module Hole Number
: 30

Hole Diameter

: 10 mm

Tile-Plasma Surface
: H 85mmX L 70 mm
Total Module Number       : 32

Total Anode Holes
         : 960
Energy for each hole 1 sec : 4.2 kJ

Max electron Emission       :64.8  kAmp

Total Arc Current
          : 60 kA 

Arc Voltage

          : 100 Volt

Arc duration

          : 1 sec

Energy Anode Distribution  :  2/3

Energy Deposition
          : 4 MJ 
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Fig. 3 - 2D view of Anode Sector and Module
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Fig. 4 - 3D view of Anode and Load assembly

Anode Requirements

Requirement for each module
Answ
Action

must work in H2 in pressure range 10-4/10-2 mbar
ok
none

H2 puffed up to 30 torr•l/s through holes in anode
ok
none

Module material : copper
ok
none

Protection tile     : W-CU(5%)
ok
none

Arc handling up to 1250 Amp for 1 sec
ok
tested in proto-pinch

Energy in 1 sec 125 kJ
ok
tested in proto-pinch





The problem related to the anode seems to be essentially solved.

The heat removal will be simplified: 

· the water will flow inside a circuit braised (possibly rear: face opposite to plasma) into plates on the  top and the bottom of the andode. 

A numerical computation will be done by Claudio Nardi.

Required Time : 2 Weeks

� EMBED Photoshop.Image.5 \s ���








1
1

[image: image22.png]7 0
WTh2% Danforth
; W Debrforth
" . u W Planses
LaBS  LaB6 Goebel
- ] Pinch
3 {
2 ‘ .
kS / )
! ) W Goshel
y pinth- Thas
/| owid .
u,
n
2500 Gelsius Degree "




_1011048877.psd

