12. REACTOR EXTRAPOLATION

PROTO-SPHERA is an experiment containing a component of scientific risk, but its success could lead to a larger size and more fusion oriented experiment. The three major and down-to-earth points that have to be demonstrated on PROTO-SPHERA are that the formation scheme is effective and reliable, that the combined configuration can be sustained in 'steady-state' by DC helicity injection and that the energy confinement is not worse than the one measured on spherical tori. If all these three points are met, the race toward small and compact fusion reactor could be enriched by a new competitor.

It is possible to show that scaling by a factor of about 5.5 in linear dimensions the PROTO-SPHERA experiment and increasing the current density both in the plasma as well as in the coils by a factor of 2, one could approach a D-T burning plasma. However the resistivity of a screw pinch plasma centerpost remains always larger than the resistivity of a corresponding copper centerpost (which is usually assumed to be technically limited to Ip/Itf~1), unless a plasma temperature     TPinch~700 eV is achieved. Nevertheless, if a screw pinch plasma centerpost configuration yields by helicity injection Ip/Ie~4, the increase in linear dimensions and in current density makes the plasma centerpost competitive for the power dissipation with the copper centerpost, even if only the lower plasma temperature TPinch~300 eV is achievable. The increase of the temperature of the screw pinch to a                      many-hundreds-eV temperature regimes remains indeed the most critical point in a direct reactor extrapolation of PROTO-SPHERA, unless a real breakthrough could be achieved in understanding and designing the electrode-pinch plasma interaction.

On the base of the present knowledge one has better to consider as        reactor-oriented a configuration in which the plasma is initiated by electrodes, like in PROTO-SPHERA, but is then sustained in absence of electrodes. The configuration considered belongs to the family of the unrelaxed Chandrasekhar-Kendall-Furth equilibria, illustrated in Section 3. Any of them can be viewed as a spherical torus (with winding numbers 
[image: image1.wmf]~1.0 on axis and 
[image: image2.wmf]~2.0 at the magnetic separatrix) surrounded by a spheromak endowed with high elongation and therefore with high winding number (
[image: image3.wmf]~3 on the symmetry axis and 
[image: image4.wmf]~5 at the separatrix). If the spheromak discharge can be sustained by driving current on its closed flux surfaces, magnetic helicity, flowing down the <> gradient, will be injected into the main spherical torus, through magnetic reconnections at the X-points. Unrelaxed CKF configurations can be stable to all low-n ideal MHD modes, up to unity beta values =20<p>Vol/<B2>Vol=1. Unrelaxed CKF fusion reactors with the right helicity injection,  limit and energy confinement, will allow for an unimpeded outflow of the high energy charged fusion products, easing direct energy conversion and the use of the burner as a space thruster.

12.1. Burner Parameters 

The fusion performances of an unrelaxed CKF configuration are studied as a function of the geometric size, of the plasma temperature Te=Ti and of the total current Ip, both for a D-T burner as well as for a D-3He burner. The minimum geometrical size considered is shown in Fig. 12.1. It will be referred to as "L=1" in the following. Its (ideal MHD stable) equilibrium has been calculated with ST=78% in the spherical torus. The nuclear burning is limited to the spherical torus (ST), which has the following parameters:
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Fig. 12.1.
Geometry for the L=1 standard size CKF burner.
The minimum geometrical size (L=1) gives for the surrounding spheromak discharge:
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The same L=1 minimum geometrical size reactor corresponds, for the closed field line surrounding spheromak discharge, to the simplified geometry shown in Fig. 12.2. 

[image: image6.wmf]
Fig. 12.2.
Simplified geometry of the L=1 standard size surrounding spheromak

discharge.

Operating the average of (1/surface)2 (which is the relevant quantity for the resistive dissipation power) on the simplified geometry and converting the spheromak volume and the resulting cross-section into an equivalent toroidal circular discharge, one gets:
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The ion mass is M=2.5 a.m.u., for nD=nT and for nD=n3He. 

The total energy confinement time for the spherical torus is evaluated from the    semi-empirical Lackner-Gottardi L-mode plateau-scaling:

E=0.12•HSTIp0.8RST1.8aST0.4<ne>0.4qST0.4M0.5Pinput-0.6ST/(1+ST)0.8 [s;MA,m,1020m3,a.m.u.,MW], where a confinement improvement factor HST has been inserted. The surrounding spheromak is assumed to have a worse energy confinement than the ST: HP=HST/2:

E=0.12•HPIe0.8RP1.8aP0.4<ne>0.4qP0.4M0.5Pinput-0.6P/(1+P)0. 8 [s;MA,m,1020m3,a.m.u.,MW].

The charged-particle fusion power produced inside the spherical torus (Te=Ti) is:

P=1.7•10-3 <ne>2  <Te>2  VST
[MW; 1020 m-3, keV, m3] for D-T reactions 

in the range 7<Te<25 keV, where Pfus=5 P, and 

Pfus =Pcharged=7•10-5 <ne>2  <T >2 VST
[MW; 1020 m-3, keV, m3]  for D-3He reactions 

in the range 50<Te<80 keV.

The estimations of the resistive power are derived from the Spitzer conductivity:

=3•103 <Te>3/2 / Zeff [Siemens; Coulomb logarithm ln, eV, ion effective/proton charge, with Zeff=1 in D-T and Zeff=5/3 in D-3He].

The total power required for the helicity injection through the X-points of the configuration is taken as PHI=4•PSToh [78], where PSToh the equivalent resistive power required for sustaining the spherical torus. It is assumed that half of this power is dissipated inside the spherical torus, therefore PSTHI=2•PSToh. The other half is dissipated inside the surrounding spheromak, therefore PP= PPoh+2•PSToh, where PPoh is the equivalent resistive power required for sustaining the spheromak. Therefore the overall power required for sustaining the magnetic configuration is P= PPoh+4•PSToh.

The energy confinement is estimated by an iterative procedure, starting from a guessed volume average electron temperature <Te>, evaluating either a resistive or a fusion charged-particle input power and a provisional energy confinement, obtaining a revised:

<Te>=ELG Pinput/ (3•16 <ne> V)
[eV; s, W, 1020 m-3, m3] in D-T or

<Te>=ELG Pinput / (2.5•16 <ne> V)
[eV; s, W, 1020 m-3, m3] in D-3He,

and so on until the convergence of <Te> is obtained.

The beta value of the spherical torus is estimated as:

=8.0•10-2 <ne> <Te> / B2 [1020 m-3, keV, T] for D-T plasmas and

=6.7•10-2 <ne> <Te> / B2 [1020 m-3, keV, T] for D-3He plasmas.

A number of limits have been considered in performing the exercise:

•
The density limit of the ST is evaluated by using the Greenwald density limit, which fits well the START data: ne ≤ 0.8 nG, with nG=<j>ST [1020 m-3, MA/m2].

•
The technological limit B≤13 T for superconducting coils.

•
The technological limit Pneut/Swall≤5 MW/m2 for the continuous D-T neutron wall loading, where the surface of the wall is assumed for the L=1 size Swall=112 m2.

•
The largest considered size has been a 3L unit size (means a cylinder 21-m high).

12.2.
D-3He Burners

As far as the D-3He scenario is concerned, if no confinement improvement is introduced (HST=1), Table 12.1 is obtained. In order to achieve burning in the temperature range 64<Te<76 keV, the required toroidal current inside the ST exceeds 180 MA. Neither the density limit (ne≤0.2 nG), nor the  limit (≤0.21) do pose any problems, whereas the 13 T limit constrains the size to the minimum L~2 option. A neutron power emission (from D-D reactions) Pneut~60 MW is still present.

	RST [m]
	Ip [MA]
	Ie

[MA]
	<Te>

[keV]
	<ne>

1020
[m-3]
	Bem

[T]
	
	E

[s]
	Pfus

[MW]
	Pfus/Swall [MW/m2]
	<j>ST [MA/m2]

	2.06
	180
	27.3
	64
	4.9
	13
	0.15
	1.8
	1078
	2.3
	12.1

	2.06
	180
	27.3
	70
	5.2
	13
	0.18
	1.6
	1453
	3.1
	12.1

	2.06
	180
	27.3
	76
	5.7
	13
	0.21
	1.3
	2058
	4.3
	12.1

	2.18
	190
	28.8
	64
	3.6
	13
	0.11
	2.5
	671
	1.3
	11.4

	2.18
	190
	28.8
	70
	3.9
	13
	0.13
	2.1
	954
	1.8
	11.4

	2.18
	190
	28.8
	76
	4.2
	13
	0.16
	1.8
	1324
	2.5
	11.4


Table 12.1.
D-3He burner scenarios without confinement improvement HST=1.

Always for the D-3He scenario, if a confinement improvement HST=2 is allowed for, Table 12.2 is obtained. In order to achieve burning in the temperature range  64<Te<76 keV, the required toroidal current inside the ST exceeds 95 MA.

	RST [m]
	Ip [MA]
	Ie

[MA]
	<Te>

[keV]
	<ne>

1020
[m-3]
	Bem

[T]
	
	E

[s]
	Pfus

[MW]
	Pfus/Swall [MW/m2]
	<j>ST [MA/m2]

	1.09
	95
	14.4
	64
	6.8
	13
	0.21
	1.3
	306
	2.3
	23.2

	1.09
	95
	14.4
	70
	7.4
	13
	0.26
	1.1
	435
	3.3
	23.2

	1.09
	95
	14.4
	76
	8.1
	13
	0.31
	0.9
	604
	4.6
	23.2

	1.54
	95
	14.4
	64
	3.6
	9.2
	0.23
	2.5
	236
	0.9
	11.4

	1.54
	95
	14.4
	70
	3.9
	9.2
	0.27
	2.1
	336
	1.3
	11.4

	1.54
	95
	14.4
	76
	4.2
	9.2
	0.31
	1.8
	467
	1.8
	11.4


Table 12.2.
D-3He burner scenarios with confinement improvement HST=2.

Neither the density limit (ne≤0.2 nG), nor the  limit (≤0.31) do pose any problems, whereas the 13 T limit constrains the size to the minimum L~1.1 option. However if the averaged current density <j>ST is maintained to the level of the previous HST=1 case, a less demanding scenario is obtained with the L~1.5 size option, loosing only 30% of the fusion power. A neutron power emission (from D-D reactions)        Pneut~20 MW is still present.

Finally for the D-3He scenario, if the very large confinement improvement HST=4 is allowed for, Table 12.3 is obtained. In order to achieve burning in the temperature range 64<Te<76 keV, the required toroidal current inside the ST exceeds 47 MA. The density limit does not pose any problems (ne≤0.2 nG), the  is quite high (≤0.68), whereas the 13 T limit would allow the size to the minimum L~0.6 option. However if the averaged current density <j>ST is maintained to the level of the previous HST=1 case, a much less demanding scenario is obtained with the L~1 size option, while loosing only 15% of the fusion power at the highest temperature. A neutron power emission (from D-D reactions) Pneut~8 MW is still present.

	RST [m]
	Ip [MA]
	Ie

[MA]
	<Te>

[keV]
	<ne>

1020
[m-3]
	Bem

[T]
	
	E

[s]
	Pfus

[MW]
	Pfus/Swall [MW/m2]
	<j>ST [MA/m2]

	0.56
	47.5
	7.2
	64
	15
	13
	0.48
	0.6
	194
	5.7
	43.2

	0.56
	47.5
	7.2
	70
	16
	13
	0.57
	0.5
	271
	8
	43.2

	0.56
	47.5
	7.2
	76
	18
	13
	0.68
	0.4
	382
	11.2
	43.2

	1.09
	47.5
	7.2
	64
	3.6
	9.2
	0.43
	2.7
	75
	0.6
	11.4

	1.09
	47.5
	7.2
	70
	3.9
	9.2
	0.52
	2.2
	108
	0.8
	11.4

	1.09
	47.5
	7.2
	76
	4.2
	9.2
	0.61
	1.9
	149
	1.1
	11.4


Table 12.3.
D-3He burner scenarios with confinement improvement HST=4.

From Tables 12.1, 12.2 and 12.3 it is clear that huge plasma currents have to be driven inside a D-3He burner, and that the current density is equal or larger than the one achieved in tokamak plasmas. An improved confinement would obviously help in reducing the size of the burner, but at the price of increasing the  value.

Three representative cases have been studied as examples of D-T start-up for the      D-3He ignition. D-T preignition requires that 25-30% of Tritium is added the nD=n3He mixture, see Table 12.4. 

	RST
[m]
	IST
[MA]
	neform
1020
[m-3]
	HST
	TP
[keV]
	PP
[MW]
	TSTHI
[keV]
	PSTHI
[MW]
	form
[s]
	D-3He
[s]

	2.18
	190
	4.1
	1
	12.6
	31.8
	14
	19.9
	860
	6.0

	1.54
	95
	4.7
	2
	11.9
	12.3
	13.2
	7.6
	410
	4.3

	1.09
	47.5
	4.9
	4
	11.8
	4.4
	13.2
	2.8
	210
	4.1


Table 12.4.
D-3He burner scenarios; start-up in D-3He adding up 25÷30% of T.

The times form and D-3He represent, respectively, the time needed to form the configuration at full current and the time needed to reach ignition in D-3He, through D-T preliminary ignition. Many hundreds of seconds are required to build up the huge currents required for a D-3He burner (unless fast reconnections are so effective as to shorten form appreciably). The helicity injection input power to the spherical torus PSTHI=2•PSToh and the total input power to the surrounding spheromak PP= PPoh+2•PSToh are required for the start-up of the configuration. Due to the huge currents, they are quite high and produce such high temperatures TP and TSTHI in the helicity injected spherical torus and in the surrounding spheromak, that no further additional power is required for the D-T ignition. The transition from D-T ignition to D-3He ignition takes a time of about 4÷6 s; during that time a pulse of neutron power up to about     0.5÷1.5 GW will be released to the wall, with a transient neutron wall loading of    3÷4 MW/m2.

12.3.
D-T Burners

As far as the D-T scenario is concerned, if a confinement deterioration HST=0.5 is assumed, Table 12.5 is obtained. In order to achieve burning in the temperature range 7<Te<12 keV, the Greenwald density limit (ne≤0.8 nG) requires the toroidal current inside the ST to exceed 66 MA. The technological limit Pneut/Swall≤5 MW/m2, for the continuous D-T neutron wall loading, is the effective constraint for the minimum size option (which varies from L=1.2 to L=3 with the burning temperature). Neither the  limit (≤0.36), nor the 13 T limit (Bem<8.3 T), introduce any further constraint.

	RST [m]
	Ip
[MA]
	Ie
[MA]
	<Te > [keV]
	<ne>

1020
[m-3]
	Bem
[T]
	
	E
[s]
	Pfus [MW]
	Pneut/Swall [MW/m2]
	<j>ST [MA/m2]

	1.45
	66
	10
	7
	8.1
	6.8
	0.12
	0.5
	1475
	5
	8.9

	2.35
	66
	10
	10
	4.3
	4.2
	0.25
	0.7
	3705
	5
	3.4

	3.00
	66
	10
	12
	3.2
	3.3
	0.36
	0.7
	5915
	5
	2.1

	1.25
	70
	10.6
	7
	8.4
	8.3
	0.09
	0.5
	1030
	5
	12.7

	2.00
	70
	10.6
	10
	4.8
	5.3
	0.17
	0.6
	2750
	5
	5

	2.60
	70
	10.6
	12
	3.3
	4
	0.25
	0.7
	4300
	5
	2.9


Table 12.5.
D-T burner scenarios with confinement deterioration HST=0.5.

Always for the D-T scenario, if no confinement improvement is introduced (HST=1), Table 12.6 is obtained. In order to achieve burning in the temperature range    7<Te<12 keV, the Greenwald density limit ne≤0.8 nG requires the toroidal current inside the ST to be more than 32 MA. The technological limit Pneut/Swall≤5 MW/m2, for the continuous D-T neutron wall loading, is the effective constraint for the minimum size option (which varies from L=0.8 to L=1.8 with the burning temperature). Neither the high  value (≤0.7), nor the 13 T limit (Bem<6.5 T), introduce any further constraint.

	RST [m]
	Ip
[MA]
	Ie
[MA]
	<Te > [keV]
	<ne>

1020
[m-3]
	Bem
[T]
	
	E
[s]
	Pfus [MW]
	Pneut/Swall [MW/m2]
	<j>ST [MA/m2]

	0.95
	32
	4.9
	7
	10
	5.1
	0.28
	0.4
	640
	5
	10

	1.60
	32
	4.9
	10
	5.2
	3
	0.57
	0.5
	1685
	5
	3.6

	1.80
	32
	4.9
	11
	4.6
	2.7
	0.7
	0.6
	2275
	5
	2.8

	0.80
	35
	5.3
	7
	11
	6.5
	0.17
	0.4
	420
	5
	15.2

	1.25
	35
	5.3
	10
	6.1
	4.2
	0.36
	0.5
	1105
	5
	6.4

	1.41
	35
	5.3
	11
	5.2
	3.7
	0.42
	0.5
	1410
	5
	5


Table 12.6.
D-T burner scenarios without confinement deterioration HST=1.

Finally for the D-T scenario, if a confinement improvement HST=2 is allowed for, Table 12.7 is obtained. In order to achieve burning in the temperature range    7<Te<12 keV, the Greenwald density limit ne≤0.8 nG requires the toroidal current inside the ST to be more than 16 MA. The  limit (~1) requires furthermore that the toroidal current inside the ST exceeds 17.5 MA. The technological limit      Pneut/Swall≤5 MW/m2, for the continuous D-T neutron wall loading, is the effective constraint for the minimum size option (which varies from L=0.5 to L=1.0 with the burning temperature). The  value is near the limit (~1), but the 13 T limit      (Bem <5.5 T) does not introduce any further constraint.

	RST [m]
	Ip
[MA]
	Ie
[MA]
	<Te > [keV]
	<ne>

1020
[m-3]
	Bem
[T]
	
	E
[s]
	Pfus [MW]
	Pneut/Swall [MW/m2]
	<j>ST [MA/m2]

	0.60
	16
	2.4
	7
	13
	3.9
	0.58
	0.3
	255
	5
	12.3

	1.00
	16
	2.4
	10
	6.7
	2.4
	1.22
	0.4
	685
	5
	4.6

	1.30
	16
	2.4
	12
	4.8
	1.8
	1.8
	0.5
	1110
	5
	2.7

	0.47
	17.5
	2.7
	7
	14
	5.5
	0.34
	0.3
	160
	5
	21.9

	0.80
	17.5
	2.7
	10
	7.4
	3.3
	0.70
	0.4
	425
	5
	7.6

	1.00
	17.5
	2.7
	12
	5.6
	2.6
	1.02
	0.4
	690
	5
	5


Table 12.7.
D-T burner scenarios with confinement improvement HST=2.

Comparing Tables 12.1, 12.2 and 12.3 with Tables 12.5, 12.6 and 12.7, it is evident that the total plasma currents needed to drive D-3He burners are by a factor of 2.7 greater that the total plasma currents in D-T reactors, if a confinement improvement HD-3He=2•HD-T is assumed (the ratio of the needed current would double to 5.4 if       HD-3He=HD-T). The required  values for a D-T reactor is larger than in a D-3He burner and, obviously, the neutron wall loading is much worse with respect to that of a D-3He burner. The improved confinement would obviously help in reducing the size of the burner, but at the price of increasing the  value, which could be pushed beyond the stability limit.

Three representative cases have been studied for the start-up of a D-T burner, see Table 12.8. The start-up of all configurations is assumed to occur at an electron density that is 70% of the final electron density.

	RST
[m]
	Ip
[MA]
	neform
1020 [m-3]
	HST
	TP  [keV]
	PP [MW]
	TSTHI  [keV]
	PSTHI
[MW]
	Padd
[MW]
	form
[s]
	D-T
[s]

	2.18
	70
	2.8
	0.5
	2.8
	24.9
	3.1
	15.6
	80
	134
	4.6

	1.54
	35
	3.1
	1
	2.7
	9.4
	3.0
	5.8
	42
	64
	3.8

	1.09
	17.5
	3.2
	2
	2.7
	3.4
	3.0
	2.1
	19
	32
	3.3


Table 12.8.
D-T burner scenarios: start-up.

The times form and D-T are, respectively, the time needed to form the configuration at full current and the time needed to reach D-T ignition, through additional power Padd injected into the spherical torus. Many tens of seconds are required to build up the large currents required for a D-T burner (unless fast reconnections are so effective as to shorten form appreciably). The helicity injection input power to the spherical torus PSTHI=2•PSToh and the total input power to the surrounding spheromak PP= PPoh+2•PSToh are required for the start-up of the configuration. Due to the lower currents with respect to the D-3He cases, the start-up temperatures are too low to achieve the D-T ignition without additional power Padd. The additional power required to reach the ignition is in the range of many tens of MW and must be applied for 3÷5 s.

12.4.
Comparison 

A comparison between D-T and D-3He burners is shown in Table 12.9, for three geometrical sizes (L=1.09, L=1.54 and L=2.18), while the averaged current densities inside the ST <j>ST and the surrounding spheromak discharge <j>P have been kept constant for the same isotope mix (all current densities increase by a factor 2.7 moving from the D-T to the D-3He burners).

Larger values of confinement improvement (HST=1, 2 and 4) have considered in the case of the D-3He burners with respect to D-T reactors (HST=0.5, 1 and 2): the reason is just that in case of a degraded confinement (HST=0.5) a D-3He burner could presumably become too big or unfeasible.

	isotope

mix
	RST [m]
	HST
	Ip , Ie
[MA]
	<Te>,TP
[keV]
	<ne>

1020
[m-3]
	Bem
[T]
	
	Pcharge [MW]
	<j>ST,<j>P [MA/m2]

	SMALLSIZE

	D-T
	1.09
	2
	17.5, 2.7
	12,  2.6
	4.6
	2.4
	0.99
	117
	4.2, 6.5

	D-3He
	1.09
	4
	47.5, 7.2
	76, 14.6
	4.0
	6.5
	0.61
	149
	11.4,17.6

	MEDIUM SIZE

	D-T
	1.54
	1
	35, 5.3
	11, 2.6
	4.4
	3.4
	0.43
	261
	4.2, 6.5

	D-3He
	1.54
	2
	95, 14.4
	70, 14.6
	3.9
	9.2
	0.27
	336
	11.4, 17.6

	LARGE SIZE

	D-T
	2.18
	0.5
	70, 10.6
	10, 2.7
	4.0
	4.8
	0.17
	505
	4.2, 6.5

	D-3He
	2.18
	1
	190, 29
	64, 15.1
	3.6
	13
	0.11
	671
	11.4, 17.6


Table 12.9.
Comparison between D-T and D-3He burners of three sizes.
The surface averaged value <>=0<
[image: image7.wmf]•
[image: image8.wmf]/B2> will decrease from the edge of the plasma to the axis of the main spherical torus (see Fig. 12.3): if the spheromak discharge can be sustained by driving current on its closed flux surfaces, magnetic helicity, flowing down the <> gradient, will be injected into the main spherical torus, through magnetic reconnections at the X-points. At present a method for injecting currents into the surrounding spheromak plasma in order to start-up and to sustain these burners has still to be developed. Having in mind the high  possibility of the CKF configurations, one can imagine that plasma motions, i.e. radial electric field, could create the magnetic field. In this case the surrounding spheromak discharge could be sustained by inducing axisymmetric torque on it, with opposite directions in the surrounding plasma on the inboard of the Spherical Torus and on the outboard of it. In the case of a reactor the radial electric field could even be the natural result of losses of charged fusion products. 
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Fig 12.3.
Profile of <> on the equator for L=1 standard size SPHERA burner.

The plasma motion will drive the magnetic field of the surrounding discharge until magnetic reconnections will occur at the X-points of the configuration, injecting magnetic helicity into the main Spherical Torus. The two secondary tori, present on top and bottom of the configuration, will be produced by the same magnetic reconnections that sustain the main Spherical Torus.
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Fig. 12.4.
Superposition of the initial electrode discharge (open field lines) and of the final configuration (closed field lines) for the L=1 standard size SPHERA burner. The electrodes are sketched in the corners of the figure.
However the current density that can be injected by electrodes at the beginning of the startup of the D-T burners, before the inductive formation of the Spherical Torus, is roughly adequate, even with the present electrode technology (i.e. using the same current density obtained in front of the electrodes of PROTO-PINCH: je=0.8 MA/m2). Fig 12.4 shows that, for the L=1 standard size burner, the plasma facing the electrodes is a ribbon with radius Rel=2.12 m and width Zel=0.28 m: that means that a longitudinal pinch current up to Ie=3 MA can be driven from the electrodes at the beginning of the start-up of the configuration.

The 3 MA have to be compared with the poloidal current inside the surrounding spheromak discharge at the end of the formation for the L=1 standard size D-T burner, which varies from Ie=4.5 MA for HST=0.5 (Table 12.5), to Ie=3.4 MA for HST=1 (Table 12.6) and decreases to Ie=2.7 MA for HST=2 (Table 12.7).

Even for D-3He burners the comparison is not so unfavorable, as the poloidal current inside the surrounding spheromak discharge at the end of the formation for the L=1 standard size will vary from Ie=12.1 MA for HST=1, to Ie=9.2 MA for HST=2 and will decrease to Ie=7.3 MA for HST=4.

So it should not be impossible to drive the currents required for the burners on open field lines, but it is completely uncertain whether these currents could then be rerouted on closed field lines during the inductive formation of the Spherical Torus and finally maintained during the sustainment of the magnetic configuration.
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