CTF Design Point Scans

C Neumeyer 12/20/2

The following scans were performed:

1) ST Range, High Performance (HH=1.8, average NWL on test module area Qn_tm=5.0MW/m^2), A=1.4,1.45,1.5, three values of R0 at each A

2) ST Range, Nominal Performance (HH=1.4, Qn_tm=1.0MW/m^2), A=1.4,1.45,1.5, three values of R0 at each A

3) Tokamak Range, High Performance (HH=1.8, average NWL on test module area Qn_tm=5.0MW/m^2), A=2.0, A=2.5, one value of R0 at each A

4) Culham Point (R0=0.7m,A=1.6,HH=1.3)

Curves are attached. I conclude that for 1) above the A=1.5, R0=1.5 case is optimal. Smaller values of R0 lead to larger T consumption, and larger values of R0 consume more input power. 

For case 2) I conclude that  A=1.5, R0=1.2m is optimal. Same reasons as for case 1). 

For case 3) at A=2.0 I find that the minimum R0 at which test module area and flux requirements can be satisfied is R0=1.5m. At A=2.5 I find that the maximum available neutron wall loading peaks at R0=1.9m at Qn_tm=4.64MW/m^2, falling short of the requirement. Moving away from this radius in both smaller and larger directions results in a fall off of the maximum available loading. The minimum R0 at which 10m^2 of test area is available occurs at R0=1.8m, and the wall loading is just slightly lower at Qn_tm=4.62MW/m^2. So, the best points in the standard Tokamak range are A=2.0, R0=1.5 and A=2.5, R0=1.8. Again, the latter point does not quite reach the requirement. 

For case 4) it was necessary to bypass many of the constraints usually imposed, such as temperature and stress in the TF coil, etc., as can be noted from the detailed results. Also, it was necessary to directly program several of the variables in order to best reproduce the Culham information (Pfusion, Ip, Bt, qcyl). Two cases were run, the first following the Culham data as best as possible, and the second using the normally used logic and constraints. It appears that the Culham design is aiming at 1MW/m^2. However, it would appear that their TF coil is significantly overloaded in terms of stress and temperature, and that after accounting for NBI and other minimum port requirements there would be no room for test modules. Perhaps they have in mind a tilted NBI system which would free up some of the midplane space for test modules. 

Results are given in the following tables. Preferred design points are outlined in bold. 

The final table shows the preferred design points for the first three high performance cases side by side. Interestingly, the physics variables are quite similar. However, the engineering variables are not. Most importantly, the single turn TF current in the ST case is relatively low (hopefully feasible at 20MA!) , and (due to the much higher blanket coverage) the net T consumption (fueling – breeding) is much lower for the ST. 

1) High Performance ST

	R0
	1.600
	1.650
	1.700
	1.450
	1.500
	1.550
	1.350
	1.400
	1.450

	A
	1.450
	1.450
	1.450
	1.500
	1.500
	1.500
	1.550
	1.550
	1.550

	R0+a
	2.703
	2.788
	2.872
	2.417
	2.500
	2.583
	2.221
	2.303
	2.385

	kappa
	3.065
	3.065
	3.065
	3.000
	3.000
	3.000
	2.939
	2.939
	2.939

	delta
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400

	qMHD
	9.555
	9.651
	9.735
	8.636
	8.753
	8.858
	7.899
	8.026
	8.142

	qcyl
	2.98
	3.01
	3.04
	2.97
	3.01
	3.04
	2.94
	2.99
	3.03

	qcyl/qcyl(A)
	116.8%
	118.0%
	119.0%
	115.4%
	117.0%
	118.4%
	113.7%
	115.5%
	117.2%

	Bt
	2.477
	2.496
	2.514
	2.642
	2.665
	2.687
	2.806
	2.833
	2.857

	fH20
	25.0%
	22.9%
	23.3%
	23.7%
	21.1%
	19.2%
	25.0%
	20.0%
	18.0%

	TH20max
	95.1
	97.6
	94.4
	94.2
	97.9
	101.3
	87.5
	96.3
	99.9

	TCumax
	146.7
	145.9
	139.4
	150.0
	150.0
	150.0
	144.7
	150.0
	150.0

	Sigmax
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0

	Javgtf
	4.01E+07
	3.86E+07
	3.72E+07
	4.15E+07
	3.98E+07
	3.82E+07
	4.20E+07
	4.01E+07
	3.84E+07

	Itf
	19.8
	20.6
	21.4
	19.2
	20.0
	20.8
	18.9
	19.8
	20.7

	Ip
	16.414
	16.888
	17.371
	14.341
	14.766
	15.198
	12.905
	13.296
	13.692

	Beta_N_thermal
	6.37%
	6.31%
	6.26%
	6.30%
	6.22%
	6.14%
	6.25%
	6.15%
	6.06%

	Beta_N_total
	7.03%
	7.00%
	6.98%
	6.84%
	6.78%
	6.73%
	6.71%
	6.64%
	6.57%

	Beta_N/Beta_N(A)
	98.4%
	97.9%
	97.6%
	98.2%
	97.4%
	96.7%
	98.8%
	97.7%
	96.8%

	Beta_T
	38.3%
	37.5%
	36.9%
	35.4%
	34.4%
	33.6%
	33.0%
	32.0%
	31.0%

	Beta_P
	137.9%
	137.9%
	137.9%
	140.3%
	140.3%
	140.3%
	142.6%
	142.6%
	142.6%

	xne
	2.90E+20
	2.78E+20
	2.67E+20
	3.47E+20
	3.30E+20
	3.14E+20
	4.00E+20
	3.78E+20
	3.59E+20

	fGW
	76.1%
	75.4%
	74.8%
	79.8%
	78.9%
	78.1%
	83.0%
	82.0%
	81.1%

	alpha_n(A)
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250

	alpha_T(A)
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000

	fBS
	90.0%
	90.0%
	90.0%
	90.0%
	90.0%
	90.0%
	90.0%
	90.0%
	90.0%

	Tempavg
	11.355
	11.810
	12.268
	9.962
	10.389
	10.825
	9.068
	9.466
	9.875

	HH
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800

	Tau_E*HH
	1.430
	1.478
	1.528
	1.245
	1.290
	1.335
	1.115
	1.159
	1.203

	Q
	24.557
	26.714
	28.935
	18.150
	19.997
	21.937
	14.393
	15.976
	17.665

	P_Brem
	43.3
	44.6
	46.0
	39.1
	40.0
	41.1
	36.5
	37.3
	38.2

	P_line
	23.1
	24.4
	25.7
	19.0
	20.1
	21.3
	16.5
	17.5
	18.5

	P_aux
	26.9
	26.3
	25.7
	28.9
	28.1
	27.4
	30.7
	29.7
	28.9

	P_fusion
	659.8
	701.7
	744.8
	525.3
	562.2
	600.3
	441.9
	475.3
	509.8

	P_alpha
	132.0
	140.3
	149.0
	105.1
	112.4
	120.1
	88.4
	95.1
	102.0

	fTC
	3.8%
	3.5%
	3.3%
	4.8%
	4.4%
	4.1%
	5.7%
	5.3%
	4.9%

	Eta_CD
	0.28
	0.30
	0.31
	0.25
	0.26
	0.27
	0.23
	0.24
	0.25

	P_CD
	26.9
	26.3
	25.7
	28.9
	28.1
	27.4
	30.7
	29.7
	28.9

	P_CD/P_aux
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	P_aux_input
	59.7
	58.4
	57.2
	64.3
	62.5
	60.8
	68.2
	66.1
	64.1

	∑P_tf
	225.7
	228.3
	234.9
	198.8
	201.2
	204.6
	183.0
	182.9
	186.5


	∑P_pf
	63.0
	65.8
	68.7
	52.1
	54.5
	57.0
	45.0
	47.2
	49.4

	P_bop
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0

	∑P_elec input
	368.5
	372.5
	380.9
	335.2
	338.2
	342.4
	316.3
	316.2
	320.0

	Xnwall
	5.3
	5.3
	5.3
	5.4
	5.4
	5.4
	5.4
	5.4
	5.4

	Qn_wall
	2.93
	2.93
	2.93
	2.98
	2.98
	2.98
	3.04
	3.04
	3.04

	Qn_tm
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00

	Port Height (delta Z)
	2.25
	2.33
	2.40
	1.93
	2.00
	2.07
	1.71
	1.77
	1.83

	#NBI Port
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Available Test Module Area
	29.3
	32.6
	33.5
	21.3
	24.0
	24.8
	15.4
	17.7
	20.2

	#Test Module Ports
	5
	5
	5
	6
	6
	5
	6
	6
	6

	T fueling rate
	100.9
	107.3
	113.9
	80.4
	86.0
	91.8
	67.6
	72.7
	78.0

	fN
	84.52%
	84.65%
	84.77%
	82.52%
	82.67%
	82.82%
	80.73%
	80.90%
	81.06%

	FBR
	101.4%
	101.6%
	101.7%
	99.0%
	99.2%
	99.4%
	96.9%
	97.1%
	97.3%

	T consumption rate
	-1.44
	-1.70
	-1.97
	0.78
	0.68
	0.57
	2.11
	2.12
	2.13

	n/s/W
	5.37E+11
	5.66E+11
	5.88E+11
	4.59E+11
	4.88E+11
	5.15E+11
	4.00E+11
	4.32E+11
	4.58E+11

	frad_core
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%

	Q_fw
	0.737
	0.720
	0.705
	0.824
	0.798
	0.775
	0.910
	0.876
	0.845

	frad_div
	71.5%
	71.2%
	71.0%
	72.8%
	72.4%
	72.1%
	74.0%
	73.5%
	73.1%

	Q_div
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0


2) Nominal Performance ST

	R0
	1.100
	1.200
	1.300
	1.100
	1.200
	1.300
	1.100
	1.200
	1.300

	A
	1.450
	1.450
	1.450
	1.500
	1.500
	1.500
	1.550
	1.550
	1.550

	R0+a
	1.859
	2.028
	2.197
	1.833
	2.000
	2.167
	1.810
	1.974
	2.139

	kappa
	3.065
	3.065
	3.065
	3.000
	3.000
	3.000
	2.939
	2.939
	2.939

	delta
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400

	qMHD
	8.178
	8.178
	8.178
	7.482
	7.482
	7.482
	6.946
	6.946
	6.946

	qcyl
	2.55
	2.55
	2.55
	2.57
	2.57
	2.57
	2.59
	2.59
	2.59

	qcyl/qcyl(A)
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Bt
	1.708
	1.974
	2.237
	2.112
	2.425
	2.563
	2.533
	2.714
	2.778

	fH20
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%
	18.8%
	25.0%
	18.7%
	13.6%

	TH20max
	86.5
	88.7
	90.7
	85.5
	87.6
	96.4
	84.6
	93.5
	103.4

	TCumax
	150.0
	150.0
	150.0
	150.0
	150.0
	150.0
	150.0
	150.0
	150.0

	Sigmax
	60.6
	75.7
	91.9
	76.0
	94.2
	100.0
	92.2
	100.0
	100.0

	Javgtf
	5.13E+07
	5.08E+07
	5.03E+07
	5.20E+07
	5.15E+07
	4.77E+07
	5.26E+07
	4.88E+07
	4.40E+07

	Itf
	9.4
	11.8
	14.5
	11.6
	14.6
	16.7
	13.9
	16.3
	18.1

	Ip
	9.090
	11.460
	14.069
	10.039
	12.573
	14.394
	10.795
	12.615
	13.989

	Beta_N_thermal
	4.24%
	3.16%
	2.57%
	3.07%
	2.44%
	2.25%
	2.43%
	2.21%
	2.14%

	Beta_N_total
	5.68%
	4.81%
	4.22%
	4.78%
	4.13%
	3.88%
	4.19%
	3.88%
	3.74%

	Beta_N/Beta_N(A)
	79.6%
	67.2%
	59.0%
	68.6%
	59.4%
	55.7%
	61.7%
	57.1%
	55.0%

	Beta_T
	29.7%
	22.2%
	18.1%
	19.9%
	15.8%
	14.6%
	14.6%
	13.2%
	12.8%

	Beta_P
	78.4%
	58.6%
	47.7%
	59.2%
	47.1%
	43.5%
	48.8%
	44.3%
	42.9%

	xne
	1.55E+20
	1.10E+20
	8.94E+19
	1.19E+20
	9.49E+19
	8.59E+19
	1.04E+20
	9.26E+19
	8.68E+19

	fGW
	34.6%
	23.2%
	18.1%
	22.6%
	17.1%
	15.8%
	17.1%
	15.6%
	15.4%

	alpha_n(A)
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250

	alpha_T(A)
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000

	fBS
	51.2%
	38.2%
	31.1%
	38.0%
	30.2%
	27.9%
	30.8%
	27.9%
	27.1%

	Tempavg
	7.683
	10.806
	13.952
	10.244
	13.538
	15.460
	12.444
	14.538
	15.803

	HH
	1.400
	1.400
	1.400
	1.400
	1.400
	1.400
	1.400
	1.400
	1.400

	Tau_E*HH
	0.407
	0.546
	0.720
	0.442
	0.601
	0.740
	0.480
	0.606
	0.721

	Q
	1.586
	2.144
	2.696
	1.892
	2.438
	2.818
	2.119
	2.511
	2.815

	P_Brem
	3.1
	2.5
	2.4
	2.0
	1.9
	2.1
	1.5
	1.7
	2.0

	P_line
	9.7
	9.4
	9.5
	8.4
	8.4
	9.0
	7.5
	8.0
	8.7

	P_aux
	39.3
	34.6
	32.3
	31.9
	29.5
	30.0
	27.4
	27.8
	29.1

	P_fusion
	62.4
	74.2
	87.1
	60.3
	72.0
	84.5
	58.1
	69.8
	82.0

	P_alpha
	12.5
	14.8
	17.4
	12.1
	14.4
	16.9
	11.6
	14.0
	16.4

	fTC
	47.7%
	41.9%
	38.0%
	46.3%
	41.3%
	38.3%
	45.6%
	41.6%
	38.7%

	Eta_CD
	0.19
	0.27
	0.35
	0.26
	0.34
	0.39
	0.31
	0.36
	0.40

	P_CD
	39.3
	34.6
	32.3
	31.9
	29.5
	30.0
	27.4
	27.8
	29.1

	P_CD/P_aux
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	P_aux_input
	87.4
	76.9
	71.8
	70.8
	65.6
	66.6
	60.9
	61.8
	64.7

	∑P_tf
	97.2
	130.9
	170.9
	118.6
	158.8
	172.7
	140.5
	157.0
	163.5

	∑P_pf
	29.2
	38.4
	49.0
	32.2
	42.0
	49.9
	34.5
	41.9
	48.2

	P_bop
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0

	∑P_elec input
	233.8
	266.2
	311.6
	241.6
	286.3
	309.2
	255.9
	280.8
	296.3

	Xnwall
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1

	Qn_wall
	0.59
	0.59
	0.59
	0.59
	0.60
	0.60
	0.60
	0.61
	0.61

	Qn_tm
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Port Height (delta Z)
	1.55
	1.69
	1.83
	1.40
	1.60
	1.73
	1.17
	1.52
	1.64

	#NBI Port
	3
	3
	2
	3
	2
	2
	3
	2
	2

	Available Test Module Area
	9.3
	13.5
	16.5
	8.4
	12.8
	15.6
	7.0
	12.1
	14.8

	#Test Module Ports
	7
	6
	6
	8
	7
	6
	9
	7
	7

	T fueling rate
	9.5
	11.4
	13.3
	9.2
	11.0
	12.9
	8.9
	10.7
	12.5

	fN
	82.58%
	83.10%
	83.54%
	81.31%
	81.56%
	81.99%
	80.51%
	80.12%
	80.54%

	FBR
	99.1%
	99.7%
	100.2%
	97.6%
	97.9%
	98.4%
	96.6%
	96.1%
	96.6%

	T consumption rate
	0.09
	0.03
	-0.03
	0.22
	0.23
	0.21
	0.30
	0.41
	0.42

	n/s/W
	7.82E+10
	8.22E+10
	8.29E+10
	7.20E+10
	7.28E+10
	7.95E+10
	6.48E+10
	7.07E+10
	7.91E+10

	frad_core
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%

	Q_fw
	0.302
	0.234
	0.199
	0.255
	0.213
	0.195
	0.233
	0.211
	0.198

	frad_div
	67.4%
	58.8%
	51.3%
	63.1%
	55.3%
	50.3%
	59.9%
	54.8%
	50.8%

	Q_div
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0


3) High Performance Tokamak

	R0
	1.500
	1.700
	1.800
	1.900
	2.000
	2.100

	A
	2.000
	2.500
	2.500
	2.500
	2.500
	2.500

	R0+a
	2.250
	2.380
	2.520
	2.660
	2.800
	2.940

	kappa
	2.750
	2.500
	2.500
	2.500
	2.500
	2.500

	delta
	0.400
	0.400
	0.400
	0.400
	0.400
	0.400

	qMHD
	5.994
	4.817
	4.862
	4.906
	4.948
	4.989

	qcyl
	3.28
	3.09
	3.12
	3.14
	3.17
	3.20

	qcyl/qcyl(A)
	119.6%
	105.8%
	106.7%
	107.7%
	108.6%
	109.5%

	Bt
	4.331
	5.409
	5.442
	5.471
	5.497
	5.521

	fH20
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%
	25.0%

	TH20max
	56.1
	46.4
	45.9
	45.4
	45.0
	44.6

	TCumax
	80.3
	61.3
	59.8
	58.4
	57.1
	55.8

	Sigmax
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0

	Javgtf
	2.45E+07
	1.73E+07
	1.62E+07
	1.53E+07
	1.45E+07
	1.37E+07

	Itf
	32.5
	46.0
	49.0
	52.0
	55.0
	58.0

	Ip
	10.585
	8.636
	9.115
	9.587
	10.053
	10.514

	Beta_N_thermal
	4.93%
	4.69%
	4.65%
	4.61%
	4.57%
	4.53%

	Beta_N_total
	5.40%
	5.15%
	5.15%
	5.15%
	5.15%
	5.15%

	Beta_N/Beta_N(A)
	91.7%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Beta_T
	16.1%
	11.0%
	10.8%
	10.6%
	10.4%
	10.3%

	Beta_P
	162.0%
	181.1%
	181.1%
	181.1%
	181.1%
	181.1%

	xne
	4.01E+20
	4.24E+20
	3.93E+20
	3.67E+20
	3.44E+20
	3.25E+20

	fGW
	75.2%
	80.2%
	79.0%
	78.2%
	77.5%
	77.0%

	alpha_n(A)
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250

	alpha_T(A)
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000

	fBS
	90.0%
	90.0%
	90.0%
	90.0%
	90.0%
	90.0%

	Tempavg
	10.528
	10.649
	11.424
	12.177
	12.906
	13.612

	HH
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800

	Tau_E*HH
	1.002
	0.933
	0.993
	1.056
	1.123
	1.192

	Q
	18.361
	18.360
	21.490
	24.666
	27.850
	31.016

	P_Brem
	30.7
	29.2
	31.1
	33.0
	35.0
	37.1

	P_line
	16.5
	16.0
	17.7
	19.5
	21.2
	22.9

	P_aux
	24.2
	23.4
	22.6
	22.0
	21.5
	21.1

	P_fusion
	443.7
	428.8
	485.4
	541.7
	597.6
	653.3

	P_alpha
	88.7
	85.8
	97.1
	108.3
	119.5
	130.7

	fTC
	4.8%
	4.9%
	4.3%
	3.9%
	3.5%
	3.3%

	Eta_CD
	0.26
	0.27
	0.29
	0.30
	0.32
	0.34

	P_CD
	24.2
	23.4
	22.6
	22.0
	21.5
	21.1

	P_CD/P_aux
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	P_aux_input
	53.7
	51.9
	50.2
	48.8
	47.7
	46.8

	∑P_tf
	198.6
	238.1
	251.9
	266.1
	280.6
	295.5

	∑P_pf
	37.0
	30.8
	33.4
	36.0
	38.8
	41.6

	P_bop
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0

	∑P_elec input
	309.3
	340.8
	355.5
	370.9
	387.1
	403.9

	Xnwall
	5.8
	5.7
	5.7
	5.7
	5.7
	5.7

	Qn_wall
	3.35
	3.37
	3.41
	3.41
	3.40
	3.37

	Qn_tm
	5.00
	4.56
	4.62
	4.64
	4.63
	4.56

	Port Height (delta Z)
	1.13
	1.00
	1.00
	1.00
	1.00
	1.20

	#NBI Port
	3
	3
	3
	3
	3
	2

	Available Test Module Area
	10.1
	9.0
	10.0
	11.0
	12.0
	15.6

	#Test Module Ports
	9
	10
	11
	11
	11
	9

	T fueling rate
	67.9
	65.6
	74.3
	82.9
	91.4
	99.9

	fN
	73.50%
	67.04%
	67.32%
	67.56%
	67.76%
	67.60%

	FBR
	88.2%
	80.4%
	80.8%
	81.1%
	81.3%
	81.1%

	T consumption rate
	8.01
	12.83
	14.27
	15.69
	17.08
	18.86

	n/s/W
	3.74E+11
	2.99E+11
	3.26E+11
	3.50E+11
	3.71E+11
	3.88E+11

	frad_core
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%
	20.0%

	Q_fw
	0.889
	0.889
	0.856
	0.826
	0.799
	0.774

	frad_div
	76.0%
	75.0%
	74.6%
	74.2%
	73.7%
	73.1%

	Q_div
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0


4) Culham Design Points (1st = Culham specs, 2nd column = attempt to reproduce Culham design point, 3rd column = best PPPL system code results at Culham values of R0 and A)

	R0
	0.700
	0.700
	0.700

	A
	1.600
	1.600
	1.550

	R0+a
	1.138
	1.138
	1.152

	kappa
	2.500
	2.500
	2.939

	delta
	0.400
	0.400
	0.400

	qMHD
	6.000
	5.287
	7.162

	qcyl
	
	2.12
	2.67

	qcyl/qcyl(A)
	
	81.5%
	103.1%

	Bt
	3.430
	3.430
	1.122

	fH20
	
	25.0%
	25.0%

	TH20max
	
	342.1
	75.3

	TCumax
	
	1038.1
	150.0

	Sigmax
	
	218.5
	28.0

	Javgtf
	
	5.42E+07
	5.68E+07

	Itf
	12.0
	12.0
	3.9

	Ip
	8.000
	8.000
	2.951

	Beta_N_thermal
	
	1.73%
	5.04%

	Beta_N_total
	2.88%
	4.37%
	6.79%

	Beta_N/Beta_N(A)
	
	70.8%
	100.0%

	Beta_T
	15.3%
	9.2%
	29.3%

	Beta_P
	
	29.4%
	104.3%

	xne
	2.23E+21
	1.21E+20
	1.78E+20

	fGW
	
	10.2%
	43.4%

	alpha_n(A)
	
	0.250
	0.250

	alpha_T(A)
	
	1.000
	1.000

	fBS
	28.8%
	18.3%
	65.8%

	Tempavg
	10.200
	12.343
	2.845

	HH
	1.300
	1.300
	1.300

	Tau_E*HH
	
	0.188
	0.097

	Q
	
	1.457
	0.483

	P_Brem
	
	0.4
	0.5

	P_line
	
	4.5
	3.8

	P_aux
	45.0
	17.9
	17.6

	P_fusion
	26.1
	26.1
	8.5

	P_alpha
	
	5.2
	1.7

	fTC
	
	66.0%
	94.8%

	Eta_CD
	
	0.31
	0.07

	P_CD
	
	17.9
	17.6


	P_CD/P_aux
	
	100.0%
	100.0%

	P_aux_input
	
	39.8
	39.2

	∑P_tf
	
	279.0
	29.8

	∑P_pf
	
	21.8
	7.9

	P_bop
	
	20.0
	20.0

	∑P_elec input
	
	360.6
	96.8

	Xnwall
	
	1.3
	0.4

	Qn_wall
	
	0.78
	0.22

	Qn_tm
	
	#DIV/0!
	#DIV/0!

	Port Height (delta Z)
	
	0.00
	0.00

	#NBI Port
	
	#DIV/0!
	#DIV/0!

	Available Test Module Area
	
	#DIV/0!
	#DIV/0!

	#Test Module Ports
	
	#DIV/0!
	#DIV/0!

	T fueling rate
	
	4.0
	1.3

	fN
	
	#DIV/0!
	#DIV/0!

	FBR
	
	#DIV/0!
	#DIV/0!

	T consumption rate
	
	#DIV/0!
	#DIV/0!

	n/s/W
	
	#DIV/0!
	#DIV/0!

	frad_core
	
	20.0%
	20.0%

	Q_fw
	
	0.368
	0.275

	frad_div
	
	75.7%
	68.5%

	Q_div
	
	15.0
	15.0


Comparison of High Performance Cases

	R0
	1.500
	1.500
	1.800

	A
	1.500
	2.000
	2.500

	R0+a
	2.500
	2.250
	2.520

	kappa
	3.000
	2.750
	2.500

	delta
	0.400
	0.400
	0.400

	qMHD
	8.753
	5.994
	4.862

	qcyl
	3.01
	3.28
	3.12

	qcyl/qcyl(A)
	117.0%
	119.6%
	106.7%

	Bt
	2.665
	4.331
	5.442

	fH20
	21.1%
	25.0%
	25.0%

	TH20max
	97.9
	56.1
	45.9

	TCumax
	150.0
	80.3
	59.8

	Sigmax
	100.0
	100.0
	100.0

	Javgtf
	3.98E+07
	2.45E+07
	1.62E+07

	Itf
	20.0
	32.5
	49.0

	Ip
	14.766
	10.585
	9.115

	Beta_N_thermal
	6.22%
	4.93%
	4.65%

	Beta_N_total
	6.78%
	5.40%
	5.15%

	Beta_N/Beta_N(A)
	97.4%
	91.7%
	100.0%

	Beta_T
	34.4%
	16.1%
	10.8%

	Beta_P
	140.3%
	162.0%
	181.1%

	xne
	3.30E+20
	4.01E+20
	3.93E+20

	fGW
	78.9%
	75.2%
	79.0%

	alpha_n(A)
	0.250
	0.250
	0.250

	alpha_T(A)
	1.000
	1.000
	1.000

	fBS
	90.0%
	90.0%
	90.0%

	Tempavg
	10.389
	10.528
	11.424

	HH
	1.800
	1.800
	1.800

	Tau_E*HH
	1.290
	1.002
	0.993

	Q
	19.997
	18.361
	21.490

	P_Brem
	40.0
	30.7
	31.1

	P_line
	20.1
	16.5
	17.7

	P_aux
	28.1
	24.2
	22.6

	P_fusion
	562.2
	443.7
	485.4

	P_alpha
	112.4
	88.7
	97.1

	fTC
	4.4%
	4.8%
	4.3%

	Eta_CD
	0.26
	0.26
	0.29

	P_CD
	28.1
	24.2
	22.6

	P_CD/P_aux
	100.0%
	100.0%
	100.0%

	P_aux_input
	62.5
	53.7
	50.2

	∑P_tf
	201.2
	198.6
	251.9

	∑P_pf
	54.5
	37.0
	33.4

	P_bop
	20.0
	20.0
	20.0

	∑P_elec input
	338.2
	309.3
	355.5

	Xnwall
	5.4
	5.8
	5.7

	Qn_wall
	2.98
	3.35
	3.41

	Qn_tm
	5.00
	5.00
	4.62

	Port Height (delta Z)
	2.00
	1.13
	1.00

	#NBI Port
	2
	3
	3

	Available Test Module Area
	24.0
	10.1
	10.0

	#Test Module Ports
	6
	9
	11

	T fueling rate
	86.0
	67.9
	74.3

	fN
	82.67%
	73.50%
	67.32%

	FBR
	99.2%
	88.2%
	80.8%

	T consumption rate
	0.68
	8.01
	14.27

	n/s/W
	4.88E+11
	3.74E+11
	3.26E+11

	frad_core
	20.0%
	20.0%
	20.0%

	Q_fw
	0.798
	0.889
	0.856

	frad_div
	72.4%
	76.0%
	74.6%

	Q_div
	15.0
	15.0
	15.0


