







3 September, 2002

TO: DISTRIBUTION
FROM: C NEUMEYER
SUBJECT:  CTF DESIGN POINT STUDIES

This memo provides documentation of the results of design point studies for a Component Test Facility (CTF) along with a description of the methodology used.

This work is acknowledged to rely heavily on the physics algorithms
 developed by C. Kessel and S. Jardin along with numerous technical discussions with M. Peng and C. Kessel.

The 0-d physics algorithms along with various physics constraints and engineering equations were programmed into an EXCEL spreadsheet, and the EXCEL Solver was used to arrive at design point optimums, given optimization criteria and constraints. The near term objective was to characterize possible CTF design points. The long term objective was to identify the important issues, and to develop and document a means for continuation of the ST development path studies. 

On the engineering side, the following areas deserve attention in the future:

1) Develop a MATLAB version of the calculations.

2) Perform more detailed studies of the TF inner leg, including first wall and joints to current return path. Investigate options for first wall and copper alloy materials, cooling passage design, fabrication technique, etc.

3) Study options for the TF power supply including homopolar generator.

4) Determine PF requirements, investigate options for PF coils, and adjust power consumption accordingly.

5) Develop concept design for first wall/blanket/shield, perform neutronics calculations and/or adapt results of prior calculations by others to improve modeling of heat loads and first wall/blanket/shield geometry assumptions.

6) Refine estimates of efficiency and power consumption of the various elements of the power supply, heating, power conversion, and balance of plant systems, over the range of typical to high-efficiency systems.

Summary of Results

Several optimization scans were performed using physics constraints derived from two separate sources, namely J. Menard
 and C. Wong
.  The Menard limits are based on ideal theoretical MHD stability whereas the Wong limits are derived from DIID experience. The scans performed are summarized in Table 1.

Table 1: Summary of Cases

	Case
	Electricity Generation
	Optimization

Criteria
	R0(m)
	A
	Nwall

(MW/m2)
	HH

	1
	No
	Maximize neutrons/sec/watt
	1.5
	1.4-2.0
	1.5
	1.8

	2
	No
	Maximize neutrons/sec/watt
	1.5
	1.5
	1.5
	1.4-1.8

	3
	Yes
	Maximize net electric power
	2.5
	1.4-2.0
	2.5
	1.8

	4
	Yes
	Maximize net electric power
	2.5
	1.5
	2.5
	1.4-1.8


Results are summarized in the following figures and tables.

Case 1: Optimized for n/sec/watt R=1.5m, Nwall=1.5MW/m2, Varying A
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Fig. 1: Neutron Production Efficiency vs. A
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Fig. 2: Electrical Demand vs. A

Table 2: Design Points based on Menard Constraints (Optimize n/sec/watt, Varying A)

	R0
	1.500
	1.500
	1.500
	1.500
	1.500
	1.500
	1.500

	A
	1.400
	1.500
	1.600
	1.700
	1.800
	1.900
	2.000

	kappa
	3.612
	3.489
	3.382
	3.288
	3.204
	3.128
	3.060

	delta
	0.600
	0.600
	0.600
	0.600
	0.600
	0.600
	0.600

	qMHD
	12.348
	9.540
	7.962
	6.978
	6.315
	5.841
	5.486

	qcyl
	2.94
	2.80
	2.72
	2.66
	2.63
	2.60
	2.58

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

	Bt
	1.527
	1.651
	1.791
	1.939
	2.095
	2.260
	2.432

	fH20
	11.0%
	8.7%
	7.5%
	6.7%
	6.1%
	5.7%
	5.4%

	TH20max
	112.5
	88.8
	77.5
	71.1
	67.1
	64.3
	62.3

	TCumax
	143.2
	106.1
	91.5
	83.0
	77.6
	73.8
	71.1

	Sigmax
	48.6
	38.4
	33.8
	31.6
	30.8
	30.9
	31.5

	Javgtf
	3.38E+07
	2.46E+07
	2.00E+07
	1.73E+07
	1.56E+07
	1.45E+07
	1.37E+07

	W_tf
	315.8
	352.9
	398.9
	451.6
	511.1
	578.1
	653.4

	Ip
	13.958
	12.930
	11.999
	11.150
	10.394
	9.734
	9.160

	Beta_N
	6.84%
	6.58%
	6.35%
	6.18%
	6.03%
	5.89%
	5.74%

	Beta_N/Beta_N(A)
	78.3%
	76.9%
	76.4%
	76.5%
	77.0%
	77.4%
	77.5%

	Beta_T
	58.4%
	51.5%
	45.4%
	40.3%
	35.9%
	32.1%
	28.8%

	Beta_P
	140.7%
	138.3%
	138.1%
	140.0%
	142.7%
	145.5%
	147.9%

	xne
	2.12E+20
	2.11E+20
	2.17E+20
	2.28E+20
	2.43E+20
	2.60E+20
	2.75E+20

	fGW
	60.6%
	56.9%
	55.5%
	55.9%
	57.1%
	58.5%
	59.6%

	alpha_n(A)
	0.213
	0.220
	0.226
	0.232
	0.237
	0.241
	0.245

	alpha_T(A)
	0.213
	0.220
	0.226
	0.232
	0.237
	0.241
	0.245

	fBS
	76.5%
	75.0%
	74.9%
	75.8%
	77.4%
	79.0%
	80.4%

	Tempavg
	8.860
	9.182
	9.268
	9.155
	8.941
	8.718
	8.528

	HH
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800

	Tau_E*HH
	1.480
	1.346
	1.256
	1.195
	1.153
	1.121
	1.095

	Q
	3.837
	3.730
	3.638
	3.558
	3.494
	3.447
	3.418

	P_Brem
	15.9
	13.5
	12.3
	11.7
	11.4
	11.3
	11.1

	P_aux
	47.1
	44.6
	42.3
	40.3
	38.4
	36.5
	34.7

	P_fusion
	180.7
	166.3
	154.1
	143.4
	134.1
	125.9
	118.6

	P_alpha
	36.1
	33.3
	30.8
	28.7
	26.8
	25.2
	23.7

	Eta_CD
	0.22
	0.23
	0.23
	0.23
	0.22
	0.22
	0.21

	P_CD
	47.1
	44.6
	42.3
	40.3
	38.4
	36.5
	34.7

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

	P_aux_input
	104.6
	99.1
	94.1
	89.6
	85.3
	81.2
	77.1

	∑P_tf
	105.3
	80.7
	70.4
	65.8
	63.9
	63.9
	65.0

	P_bop
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0

	∑P_elec input
	229.9
	199.8
	184.6
	175.3
	169.3
	165.0
	162.1

	P_elec gen
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	P_net elec
	-229.9
	-199.8
	-184.6
	-175.3
	-169.3
	-165.0
	-162.1

	Xnwall
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	n/s/W
	2.92E+11
	3.06E+11
	3.03E+11
	2.93E+11
	2.81E+11
	2.68E+11
	2.55E+11


Table 3: Design Points based on Wong Constraints  (Optimize n/sec/watt, Varying A)

	R0
	1.500
	1.500
	1.500
	1.500
	1.500
	1.500
	1.500

	A
	1.400
	1.500
	1.600
	1.700
	1.800
	1.900
	2.000

	kappa
	3.044
	2.913
	2.799
	2.698
	2.608
	2.528
	2.456

	delta
	0.600
	0.600
	0.600
	0.600
	0.600
	0.600
	0.600

	qMHD
	10.580
	8.755
	7.678
	6.980
	6.500
	6.152
	5.890

	qcyl
	2.54
	2.60
	2.65
	2.70
	2.74
	2.78
	2.81

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

	Bt
	1.705
	1.972
	2.249
	2.533
	2.820
	3.112
	3.407

	fH20
	11.5%
	9.4%
	8.3%
	7.6%
	7.1%
	6.7%
	6.4%

	TH20max
	111.8
	91.8
	81.4
	75.3
	71.5
	69.1
	67.4

	TCumax
	150.0
	115.0
	98.2
	88.9
	83.1
	79.6
	77.0

	Sigmax
	60.6
	54.7
	53.3
	53.9
	55.8
	58.5
	61.9

	Javgtf
	3.77E+07
	2.94E+07
	2.51E+07
	2.26E+07
	2.10E+07
	1.99E+07
	1.92E+07

	W_tf
	360.8
	461.9
	578.5
	709.3
	854.6
	1014.2
	1189.2

	Ip
	13.182
	12.004
	10.984
	10.086
	9.295
	8.600
	7.989

	Beta_N
	6.76%
	6.23%
	5.83%
	5.53%
	5.31%
	5.14%
	5.00%

	Beta_N/Beta_N(A)
	84.4%
	82.0%
	80.5%
	80.0%
	80.0%
	80.5%
	81.1%

	Beta_T
	48.8%
	37.9%
	30.4%
	25.0%
	21.0%
	18.0%
	15.6%

	Beta_P
	120.2%
	121.3%
	123.6%
	126.9%
	131.0%
	135.7%
	140.6%

	xne
	2.27E+20
	2.29E+20
	2.37E+20
	2.48E+20
	2.63E+20
	2.80E+20
	2.98E+20

	fGW
	69.7%
	67.5%
	67.0%
	67.7%
	69.4%
	71.6%
	74.1%

	alpha_n(A)
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250

	alpha_T(A)
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250
	0.250

	fBS
	75.7%
	73.6%
	72.4%
	71.9%
	72.0%
	72.5%
	73.1%

	Tempavg
	8.632
	8.863
	8.940
	8.890
	8.758
	8.582
	8.394

	HH
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800
	1.800

	Tau_E*HH
	1.273
	1.134
	1.030
	0.947
	0.879
	0.822
	0.773

	Q
	3.354
	3.155
	2.974
	2.807
	2.654
	2.516
	2.391

	P_Brem
	15.5
	13.4
	12.1
	11.3
	10.8
	10.5
	10.3

	P_aux
	50.4
	49.2
	48.2
	47.5
	46.8
	46.3
	45.8

	P_fusion
	169.2
	155.3
	143.5
	133.2
	124.3
	116.4
	109.5

	P_alpha
	33.8
	31.1
	28.7
	26.6
	24.9
	23.3
	21.9

	Eta_CD
	0.22
	0.22
	0.22
	0.22
	0.22
	0.21
	0.21

	P_CD
	50.4
	49.2
	48.2
	47.5
	46.8
	46.3
	45.8

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

	P_aux_input
	112.1
	109.4
	107.2
	105.5
	104.0
	102.8
	101.7

	∑P_tf
	114.7
	100.4
	96.4
	96.8
	99.5
	103.8
	109.2

	P_bop
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0

	∑P_elec input
	246.7
	229.8
	223.6
	222.3
	223.6
	226.6
	230.9

	P_elec gen
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	P_net elec
	-246.7
	-229.8
	-223.6
	-222.3
	-223.6
	-226.6
	-230.9

	Xnwall
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	n/s/W
	2.56E+11
	2.49E+11
	2.33E+11
	2.16E+11
	1.98E+11
	1.82E+11
	1.66E+11


Case 2: Optimized for n/sec/watt R=1.5m, Nwall=1.5MW/m2, Varying HH

Table 4: Menard /Wong Constraints (Optimize n/sec/watt, Fixed A, Varying HH)

	
	Menard
	Menard
	Menard
	Wong
	Wong
	Wong

	R0
	1.500
	1.500
	1.500
	1.500
	1.500
	1.500

	A
	1.500
	1.500
	1.500
	1.500
	1.500
	2.000

	kappa
	3.489
	3.489
	3.489
	2.913
	2.913
	2.456

	delta
	0.600
	0.600
	0.600
	0.600
	0.600
	0.600

	qMHD
	9.540
	9.540
	9.540
	8.755
	8.755
	5.890

	qcyl
	2.80
	2.80
	2.80
	2.60
	2.60
	2.81

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

	Bt
	1.651
	1.795
	1.997
	1.972
	2.011
	4.002

	fH20
	8.7%
	9.2%
	9.9%
	9.4%
	9.5%
	7.2%

	TH20max
	88.8
	92.6
	98.4
	91.8
	92.8
	72.4

	TCumax
	106.1
	111.9
	121.3
	115.0
	116.8
	83.9

	Sigmax
	38.4
	45.4
	56.1
	54.7
	56.9
	85.4

	Javgtf
	2.46E+07
	2.68E+07
	2.98E+07
	2.94E+07
	3.00E+07
	2.26E+07

	W_tf
	352.9
	417.8
	518.2
	461.9
	480.4
	1651.2

	Ip
	12.930
	14.056
	15.639
	12.004
	12.240
	9.387

	Beta_N
	6.58%
	5.38%
	4.28%
	6.23%
	6.24%
	3.45%

	Beta_N/Beta_N(A)
	76.9%
	63.0%
	50.1%
	82.0%
	82.1%
	55.9%

	Beta_T
	51.5%
	42.1%
	33.5%
	37.9%
	38.0%
	10.8%

	Beta_P
	138.3%
	113.1%
	90.0%
	121.3%
	121.6%
	96.8%

	xne
	2.11E+20
	1.79E+20
	1.60E+20
	2.29E+20
	2.75E+20
	2.40E+20

	fGW
	56.9%
	44.4%
	35.7%
	67.5%
	79.3%
	50.9%

	alpha_n(A)
	0.220
	0.220
	0.220
	0.250
	0.250
	0.250

	alpha_T(A)
	0.220
	0.220
	0.220
	0.250
	0.250
	0.250

	fBS
	75.0%
	61.4%
	48.8%
	73.6%
	73.7%
	50.3%

	Tempavg
	9.182
	10.469
	11.495
	8.863
	7.691
	9.865

	HH
	1.800
	1.600
	1.400
	1.800
	1.600
	1.400

	Tau_E*HH
	1.346
	1.066
	0.900
	1.134
	0.962
	0.509

	Q
	3.730
	2.988
	2.483
	3.155
	2.254
	1.605

	P_Brem
	13.5
	10.4
	8.7
	13.4
	17.8
	7.3

	P_aux
	44.6
	55.7
	67.0
	49.2
	68.9
	68.2

	P_fusion
	166.3
	166.3
	166.3
	155.3
	155.3
	109.5

	P_alpha
	33.3
	33.3
	33.3
	31.1
	31.1
	21.9

	Eta_CD
	0.23
	0.26
	0.29
	0.22
	0.19
	0.25

	P_CD
	44.6
	55.7
	67.0
	49.2
	68.9
	68.2

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

	P_aux_input
	99.1
	123.7
	148.9
	109.4
	153.1
	151.5

	∑P_tf
	80.7
	95.0
	117.4
	100.4
	104.4
	148.3

	P_bop
	20.0
	20.0
	20.0
	20.0
	20.0
	20.0

	∑P_elec input
	199.8
	238.7
	286.3
	229.8
	277.4
	319.8

	P_elec gen
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	P_net elec
	-199.8
	-238.7
	-286.3
	-229.8
	-277.4
	-319.8

	Xnwall
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	n/s/W
	3.06E+11
	2.56E+11
	2.13E+11
	2.49E+11
	2.06E+11
	1.20E+11


Fig. 1: Maximum Pnet vs. A

Summary Engineering Assumptions

1) 10 cm shielding on inner leg 

2) Glidcop inner leg at 87% IACS conductivity

3) 15% coolant fraction in inner leg

4) Radius of ends of inner leg flared beyond radius of central region by ∆R = (1-delta)*a

5) Flaring approximated by step change in inner leg radius beginning at Z=+/- 0.9*kappa*a

6) Height of inner leg equal to kappa*a + 4.0m

7) Current return via aluminum VV shell

8) Outer shell horizontal to R=R0+a, then angled toward midplane ending at R=R0+a+2.5m, Z=+/-kappa*a, then vertical to midplane

9) Outer shell current density equal to 1.5kA/cm^2 in horizontal section, 1.25kA/cm^2 in angled section, and 1.0kA/cm^2 in vertical section.

10) TF power supply efficiency 95%

11) Aux Heating/CD efficiency 45%

12) Electric power required for balance of plant equal to 10% of generated electric power

13) Superconducting PF coils (P=0, refrigeration power assumed include in balance of plant)

14) Neutron flux absorbed by center stack based on solid angle with origin at R0+a/3 (see figure following)

15) After center stack shadowing, 90% of remaining neutrons incident with blanket Efficiency of power conversion of thermal to electric power equal to 35%


[image: image3.wmf]
Fig. 3: Fraction of 14MeV Source Neutrons Intercepted by Center Stack

Summary Physics Constraints

Table 5: Summary of Physics Constraints

	Variable
	Menard
	Wong

	Max kappa(A)
	(1.46155) + (4.13281 * ) +

(-2.57812 * 2) + (1.41016 * 3)
	1.082+2.747/A

	Min qcyl(A)
	(-0.115479) + (14.5293 * ) +

(-27.4492 * 2) + (18.334 * 3)
	1.21+1.3*A-0.25*A2

	alpha_n(A) = alpha_T(A)
	(0.64-0.3*)/2
	0.25

	Peakfactor 
	[∫(1-(x)2)alpha_T(1-(x)2)alpha_ndx]-1, (x=r/a)
	[∫(1-(x)2)alpha_T(1-(x)2)alpha_ndx]-1

(x=r/a)

	Max Beta_N(A)
	((6.96436) + (-14.043 * ) +

(45.5 * 2) + (-31.3086 * 3))/100
	(3.09+3.35/A+3.87/A0.5)*(/3)0.5/

peakfactor0.5

	kbs
	0.344+0.195*A
	0.6783+0.0446/A

	fbs
	Kbs*Beta_P*

peakfactor0.25/A0.5
	Kbs*Beta_P*

peakfactor0.25/A0.5

	Eta_CD
	0.025*<T>
	0.025*<T>


Detailed Methodology

Zero-d physics algorithms
 along with various engineering equations were programmed into an EXCEL spreadsheet, and the EXCEL Solver was used to arrive at design point optimums, given optimization criteria and constraints. The following is a description of the basis for this work, with an explanation of each of the major variables, in the same order as the calculation sequence.

Plasma Shape Variables (R0, a A, 

Plasma cross sectional shape (95% flux surface, containing 95% of the plasma poloidal magnetic flux) is described by...


[image: image4.wmf]
 where (see Fig. 4) ...

R0  = major radius (m)

a = minor radius (m)

A = aspect ratio = R0 /a

= inverse aspect ratio = 1/A

= elongation

= Triangularity

= poloidal angle
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Fig. 4: Plasma Cross Sectional Shape

Elongation ) Aspect Ratio Dependance

According to the MHD stability studies by Menard1 the maximum elongation as a function of inverse aspect ratio is…

max() = 1.46155 + 4.13281 *  -2.57812 * 2 + 1.41016 * 3

Similarly, according to Wong2 the maximum elongation as a function of aspect ratio is…

max() = 1.082+2.747/A

A comparison of these results is given in Fig. 5.


[image: image6.wmf]
Fig. 5: Max. Elongation vs. A

MHD Safety Factor

The MHD safety factor, number of toroidal rotations per poloidal rotation of a field line on the 95% flux surface, is expressed in two forms, namely qcyl and qMHD, which are defined as follows….


[image: image7.wmf]

[image: image8.wmf]
where…

BT  = vacuum toroidal field at R0  (T)
Ip  = plasma current  (MA)

The calculations described herein rely primarily on qcyl and report qMHD as an output, for information only.

MHD Safety Factor Aspect Ratio Dependance

According to the MHD stability studies by Menard1 the minimum safety factor as a function of aspect ratio is…

qcyl min(A) = 12.259-13.58*A+6.4286* A2-1.0417* A3
Note: Menard prescribed Tmax(), Nmax(), and max(). The writer extracted qcyl min(A)  according to …


[image: image9.wmf]
and


[image: image10.wmf]
According to Wong2 the minimum safety factor as a function of aspect ratio is…

qcyl min(A) = 1.21+1.3*A-0.25*A2
A comparison of these results is given in Fig. 6.


[image: image11.wmf]
Fig. 6: Safety Factor vs. A
Toroidal Field Inner Leg

The first wall is assumed 10 cm thick, so the radial build of the TF inner leg in the midplane region is…


[image: image12.wmf]
The radius of the inner leg in the end regions was set to…


[image: image13.wmf]
The height of the inner leg above the midplane is assumed equal to the height of the plasma plus 4.0m, allowing for divertor, blanket, and shield…
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Glidcop AL-25 material, =87% IACS, was assumed for the inner leg, based upon its radiation resistance
.  The inner leg is modeled using 8 sections as depicted in Fig. 8, with water flowing in one end and out the other, heating up as the sections are traversed. 

A water inlet temperature of 35oC and flow velocity of 10m/s were assumed.  The fraction of cross section containing water is chosen by the optimizer. The number of water passages per unit area is assumed equal to 500/m2, similar to ARIES-ST4, but less than prior VNS
 studies which were of order 2000/m2. Thus with the water cross sectional area and number of passages specified the wetted perimeter of the cooling passages is determined.
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Fig. 8: TF Inner Leg
In addition to ohmic dissipation, nuclear heating is added at a rate equal to the average neutron wall loading times the surface area. This is conservative because 1) much of the heating would be received and removed via the first wall armor, and 2) the Cu is partially transparent to the neutrons. The flaring is set to 60o with respect to horizontal, with the flaring starting at 90% of the plasma height. 

The thermal resistance due to the film effect and the mass flow are computed, using water properties which are computed as a function of temperature. Limits on copper and water temperature were typically set at 150oC.

Triaxial and combined (Von Mises) stresses in the inner leg
 are computed as follows…
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where:

r = radius within conductor


a = outer radius of conductor

 = Poission’s ratio = 0.34 


Bmax = B at  r=a, Bma = µ0ITF/2a
Vertical tension is assumed equal to zero. However the above result was multiplied by a factor of 2.0 to account for the cooling passages in the conductor. An appropriate limit for Glidcop at 150oC is 100MPa.

Toroidal Field Outer Leg Return

The TF current is assumed to be returned through the outer VV shell which is constructed of aluminum, consisting of horizontal, angled, and vertical sections operating at current densities of 150, 125, and 100A/cm2, respectively. This is similar in concept to the VNS and ARIES-ST designs. The thickness of the horizontal, angled, and vertical sections is tailored to match the specified current density. Dimensions of the outer leg return circuit are chosen such that a region with 2.0m thickness is reserved for the first wall, blanket, and shield components. See Fig. 9. 
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Fig. 9: TF Cross Section, showing Inner Leg, Outer Leg Return, 

and 2.0m Space Allocation for First Wall /Blanket/Shield 

(R0=2.5m,A=1.5,=3.5,=0.6)

The horizontal section extends out to the plasma edge at radius R0+a. The height of the vertical section is equal to the plasma height 2**a. The radius to the centerline of the vertical section is located 2.5m beyond the plasma edge at radius R0+a+2.5m to allow for first wall/blanket/shield. 

Determination of Toroidal Field, Current, Input Power

The optimizer adjusts the current density in the TF inner legs along with the fraction of cross-sectional area containing water (fW) to adjust BT according to…
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Total TF power consumption is equal to the sum of the dissipation in the inner and outer legs divided by the efficiency of the power supply system, assumed to be 95%...
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Determination of Plasma Current

With R0,a,, and qcyl determined the plasma current (in MA) is calculated according to...
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Poloidal Field Requirements

PF coils are assumed superconducting, so their input power is assumed equal to zero. Refrigeration power requirements are assumed lumped with balance of plant power.

Density and Temperature Profiles

Spatial distribution of temperature and density across the plasma cross section is assumed to be parabolic according to…
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where…

r = variable in minor radius

a = minor radius of plasma = R0/A

T0,n0 = central peak temperature and density at r=0

T, N = shape exponents on temperature and density 

It is noted that for these functions the peak to average ratios are equal to…
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…and the line average to volume average ratios are equal to…
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According to Menard the appropriate values for the exponents, consistent with his analysis, are…
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According to the Wong assumption…
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Beta Limits and Aspect Ratio Dependence
According to Menard an appropriate limit on N is as follows…
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According to Wong the N limit depends on A, , and pressure peaking factor. The peaking factor is as follows…
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 EMBED Equation.3  [image: image32.wmf]
…where x=r/a

Then the N limit is as follows…
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A comparison of these results is given in Fig. 10.
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[image: image36.wmf]Fig. 10: Max. N vs. A

The optimizer chooses an actual value for N which must be ≤ Nmax. Then, with N and other variables previously determined, T can P can be calculated based on their definitions as follows… 
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Finally, the volume averaged pressure is…
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Bootstrap Current Fraction

Bootstrap current fraction fBS is dependant on P and aspect ratio as follows…
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…where X is a function containing terms related to shape and profile. In the work described herein we apply a curve fit function X = kBS(A)*Peakfactor0.25 which results in fBS = 0.9 for the Wong case and fBS = 0.99 for the Menard case since these were the applicable bootstrap fractions for the MHD stability analysis performed. Therefore fBS is calculated as follows…
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where for Menard…
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and for Wong…
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A comparison of these results is given in Fig. 11. 
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Fig. 11: Bootstrap Coefficient vs. A

Current Drive

The maximum current drive efficiency is assumed to be temperature dependant2 as follows....
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where...

CDmax = maximum efficiency in units Ampere/Watt-m2
<T> = volume average temperature in keV, assume Ti=Te

The current to be driven is Ip*(1-fBS), and the current drive power (MW) requirement is...
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…where ne is the electron density. Neutral beam injection (NBI) is assumed to provide the auxiliary heating power (Paux) and current drive power. The solver is constrained in such a way that CD≤ CDmax and PCD ≤  Paux. 

Density

Line average electron density is related to the fraction of Greenwald Limit fGW as follows…
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Electron density (volume average) is…


[image: image48.wmf]
Helium ash density (volume average) is calculated as follows: 

For power balance, total power into the plasma equals power out …
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where…

P = power in  particles

Paux = auxiliary heating power

Prad = radiated power


Pfusion = total fusion power

Q = fusion power gain 

frad = radiation fraction = Prad/P
W = stored energy


E = energy confinement time

For  particle balance, the rate of  production from fusion reactions must equal the rate of  particle loss…
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…where

W = energy per  particle, equal to 3.52MeV*1.6e-13Joule/MeV=5.63e-13Joule

*p=  particle confinement time after adjusting for recycling

The stored energy is related to the pressure as follows…
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Rearranging and combining the prior three equations yields the following expression for helium ash density…
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The ratio *p/E is an input variable assumed equal to 5.0.

For impurities, Be is assumed the dominant species (Zimp=4) at a concentration fimp = 6%.

For charge neutrality, with Z=2 for He…
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The impurity density (volume average) is…
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The density (volume average) of H species (50:50 DT mix) is then calculated as follows…
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The total particle density (volume average) is then…
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 EMBED Equation.3  [image: image57.wmf]
Temperature

With the volume average density determined the peak temperature can be backed-out from the pressure as follows…
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Note: 1.6 x 10-19 Joule/eV

Radiation

The effective ionic charge Zeff is…
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Power loss (MW), assumed to arise exclusively from Bremsstrahlung radiation is…
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Alpha Power

Alpha power is calculated per the following integral…
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where…

a0 = -23.836
a* = -22.712
a1 = -0.09393
a2 = 7.994e-4
a3 = -3.144e-6

As depicted in Fig. 12, the incremental volume ∆V is…
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where R is the radius from the plasma center at R0.
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Fig. 12: P Integration

Plasma Stored Energy

The plasma thermal energy is …
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Energy Confinement Time

Energy confinement time is calculated based on the ITER 98[y,2] scaling…
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where 
[image: image67.wmf] is the line average electron density in units 1019/m3 and M is the average mass number, equal to 2.5 for a 50:50 DT mix.

A confinement enhancement factor HH is introduced and used in the power balance equation as follows…
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So, the effective confinement time is…
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Neutron Wall Loading

Neutron wall loading is based on the surface area of the plasma…
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Gross Thermal Power

Electricity production is assumed derived from the power in the fusion neutrons and the radiated power to the first wall. This includes energy multiplication which takes place in the blanket due to reactions involving the neutrons and the Li isotopes Energy flow through the SOL to the divertors, and other low grade heat such as dissipation in the magnets is not recovered. However, a fraction of the power from the neutrons is not captured by the blanket due to absorption by the center stack and due to the fact that the blanket does not cover 100% of the area of the plasma. 

The fraction of neutrons incident on the narrow midplane region of the center stack is…
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where  and  are angles in the toroidal and poloidal planes which correspond to the intersection of a cylinder (the center stack) and a unit sphere with center at the effective average point source of neutron production, which is assumed located a distance a/3 beyond R0. See Fig. 13. The angles  and  are…


[image: image72.wmf]

[image: image73.wmf]
where Rfw is the radius of the first wall and ∆Ztfmid is the height of the narrow midplane section of the center stack.
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Fig. 13: Calculation of Solid Angle of Center Stack

Then the total useful thermal power is…
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where…

fS = fraction of surface area covered by blanket (assumed = 0.9)

fBEM = blanket energy multiplication factor (assumed =1.2) 

Electric Power Production

Thermal to electrical energy conversion efficiency EC is assumed 35%, so the gross electrical power production is…
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Operation of the “balance of plant” is assumed to consume a fraction (fBOP=10%) of the gross electric power production, so the net electric power is…
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Variables Adjustable by Solver

Typically the Solver is set up to adjust the following variables to obtain a solution…

frad, fGW, N, qcyl, Pfusion, CD, JTF, fW

In other cases more variables may be added to this list, such as R0 or A. 

Solver Constraints for Valid Solutions

In obtaining a solution the Solver iterates to satisfy the following constraints which are required for a mathematically valid solution:

1) Value of frad used to calculate E, nHe, Ptot and subsequent dependent variables must be equal to ratio of calculated values Pbrem/P. 

2) Value of Pfusion used to calculate Q and subsequent dependent variables must be equal to calculated value 5*P. 

3) Value CD must be  ≤  CDmax (T) = 0.025<T>

4) Value of PCD must be ≤ Paux
Other Solver Constraints

The following additional constraints are applied to ensure that physics and engineering limits are realistic…

1) N ≤ Nmax
2) qcyl ≥ qcylmin
3) 0.1 ≤ fBS ≤ 0.99

4) 0.1 ≤ fGW ≤ 1

5) TF ≤ 100MPa

6) TTFCu ≤ 150C

7) TTFH20 ≤ 150C

8) 0.05 ≤ fW ≤ 0.3

Additional constraints are sometimes added to limit the solution to a particular range of interest such as:

1) HH = or ≤  an input value

2) Nwall = or ≤ an input value
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		5.2463383767		8.2214518439		16.4429036879		1		0.0000000381		0.0000046442

		5.3881042787		8.0122661298		16.0245322595		1		0.0000000371		0.0000047331

		5.5298701808		7.8030804156		15.6061608312		1		0.0000000362		0.0000048174

		5.6716360829		7.5938947014		15.1877894028		1		0.0000000353		0.0000048974

		5.813401985		7.3847089872		14.7694179745		1		0.0000000344		0.0000049733

		5.955167887		7.1755232731		14.3510465461		1		0.0000000336		0.0000050454

		6.0969337891		6.9663375589		13.9326751178		1		0.0000000328		0.0000051137

		6.2386996912		6.7571518447		13.5143036894		1		0.0000000321		0.0000051785

		6.3804655932		6.5479661305		13.0959322611		1		0.0000000313		0.0000052399

		6.5222314953		6.3387804164		12.6775608327		1		0.0000000307		0.0000052981

		6.6639973974		6.1295947022		12.2591894044		1		0.00000003		0.0000053532

		6.8057632995		5.920408988		11.840817976		0.6700966524		0.0000000197		0.0000054054

		6.9475292015		5.7112232738		11.4224465477		0.3338624479		0.0000000096		0.0000054384

		7.0892951036		5.5020375597		11.0040751193		-0.0023717565		-0.0000000001		0.000005454

		7.0882951036		0		0		0		0		0.000005454





TF_inductance

		0.001

		0.1434292792

		0.2858585584

		0.4282878376

		0.5707171168

		0.713146396

		0.8555756752

		0.9980049544

		1.1404342336

		1.2828635128

		1.425292792

		1.5677220712

		1.7101513504

		1.8525806296

		1.9950099089

		2.1374391881

		2.2798684673

		2.4222977465

		2.5647270257

		2.7071563049

		2.8495855841

		2.9920148633

		3.1344441425

		3.2768734217

		3.4193027009

		3.5617319801

		3.7041612593

		3.8465905385

		3.9890198177

		4.1314490969

		4.2738783761

		4.4163076553

		4.5587369345

		4.7011662137

		4.8435954929

		4.9860247721

		5.1284540513

		5.2708833305

		5.4133126097

		5.5557418889

		5.6981711681

		5.8406004473

		5.9830297266

		6.1254590058

		6.267888285

		6.4103175642

		6.5527468434

		6.6951761226

		6.8376054018

		6.980034681

		7.1224639602

		7.1214639602



9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.8145845679

9.6573479871

9.4484613553

9.2395747235

9.0306880918

8.82180146

8.6129148282

8.4040281965

8.1951415647

7.9862549329

7.7773683011

7.5684816694

7.3595950376

7.1507084058

6.9418217741

6.7329351423

6.5240485105

6.3151618788

6.106275247

5.8973886152

5.6885019834

5.4796153517

0



TF_Heating

		Itf		1.77E+07

		Rcenter		0.73				1.4666666667

		∆Zcenter		10.47

		Rends		1.40				2.8

		∆Zends		4.58

		fH20		0.06

		tH20inlet		35.00

		tH20max		100.00

		tH20avg		67.50

		vH20		10.00

		CSAcenter		1.69								Passage/Area

		CSAends		6.16								ARIES-ST		326

		CSAH20		0.10								Culham-CTF		2820

		Npassage/Area		500.00								VNS		1818

		Npassage		844.74

		Dpassage		0.012

		WPPassage		0.04

		WP		32.92

		FlowH20		1.02

		Xnwall		1.50

		SHH20		4179.87

		ViscH20		5.24E-04

		DensH20		981.19

		TconH20		0.66

		PrandtLH20		2.58

		Reynolds		232308.90

		Massflow		1001.9692364249

		Rmassflow		0.0000002388

		DensCu		8940.00

		SHCu		386.00

		CoeffCu		0.0041

		ResCu		1.98E-08

		Section		Region		R		∆Z		Pnuc		CSACu		MassCu		HcapCu		Wet Area		Rfilm		Rthermal		TH20in		Rohmic		Pohmic		Ptotal		∆TH20		∆Tfilm		Tcu

		1		End		1.40		3.43		0.00E+00		6.06		1.86E+05		7.16E+07		1.13E+02		2.53E-07		4.92E-07		35.00		1.19E-08		3.70E+06		3.70E+06		0.88		0.94		36.38

		2		Angled		1.07		1.15		1.16E+07		3.47		3.58E+04		1.38E+07		3.80E+01		7.51E-07		9.90E-07		35.88		7.00E-09		2.18E+06		1.38E+07		3.29		10.36		47.89

		3		Center		0.73		2.62		1.81E+07		1.59		3.71E+04		1.43E+07		8.61E+01		3.31E-07		5.70E-07		39.18		3.52E-08		1.10E+07		2.90E+07		6.94		9.63		52.27

		4		Center		0.73		2.62		1.81E+07		1.59		3.71E+04		1.43E+07		8.61E+01		3.31E-07		5.70E-07		46.11		3.61E-08		1.13E+07		2.93E+07		7.00		9.72		59.34

		5		Center		0.73		2.62		1.81E+07		1.59		3.71E+04		1.43E+07		8.61E+01		3.31E-07		5.70E-07		53.12		3.70E-08		1.15E+07		2.96E+07		7.07		9.82		66.48

		6		Center		0.73		2.62		1.81E+07		1.59		3.71E+04		1.43E+07		8.61E+01		3.31E-07		5.70E-07		60.19		3.80E-08		1.18E+07		2.99E+07		7.15		9.92		73.68

		7		Angled		1.07		1.15		1.16E+07		3.47		3.58E+04		1.38E+07		3.80E+01		7.51E-07		9.90E-07		67.34		7.85E-09		2.45E+06		1.41E+07		3.36		10.56		79.57

		8		End		1.40		3.43		0.00E+00		6.06		1.86E+05		7.16E+07		1.13E+02		2.53E-07		4.92E-07		70.69		1.35E-08		4.22E+06		4.22E+06		1.01		1.07		72.26

								19.63				∑		5.91E+05

																						Max->		71.70		∑		5.82E+07						Max->		79.57

								9.8145845679





TF_Stress

		Bmax		4.8166720001		T

		Nu		0.34

		Sigrr		-16224388.6262763

		Sigtt		-4475693.41414519

		Sigzz		-4755424.25252926

		SigVM		11611357.2061102

		fStress		2

		SigMax		23.2227144122		MPA





Base

		mu0		1.257E-06		4*PI()*0.0000001

		R0		2.500						2.500				R0		2.500		2.500		2.500		2.500		2.500		2.500		2.500				R0		2.500		2.500		2.500				R0		1.500		1.500		1.500		1.500		1.500		1.500		1.500				R0		1.500		1.500		1.500

		A		1.500						1.500				A		1.400		1.500		1.600		1.700		1.800		1.900		2.000				A		1.500		1.500		1.500				A		1.400		1.500		1.600		1.700		1.800		1.900		2.000				A		1.500		1.500		1.500

		e		0.67		1/A				3.489				kappa		3.612		3.489		3.382		3.288		3.204		3.128		3.060				kappa		3.489		3.489		3.489				kappa		3.612		3.489		3.382		3.288		3.204		3.128		3.060				kappa		3.489		3.489		3.489

		kappa(A)		3.49						0.600				delta		0.600		0.600		0.600		0.600		0.600		0.600		0.600				delta		0.600		0.600		0.600				delta		0.600		0.600		0.600		0.600		0.600		0.600		0.600				delta		0.600		0.600		0.600

		kappa		3.49						9.540				qMHD		12.348		9.540		7.962		6.978		6.315		5.841		5.486				qMHD		9.540		9.540		9.540				qMHD		12.348		9.540		7.962		6.978		6.315		5.841		5.486				qMHD		9.540		9.540		9.540

		delta		0.60		(1+kappa^2*(1+2*delta^2-1.2*delta^3))/(1-e^2)^2				2.80				qcyl		2.94		2.80		2.72		2.66		2.63		2.60		2.58				qcyl		2.80		2.80		2.80				qcyl		2.94		2.80		2.72		2.66		2.63		2.60		2.58				qcyl		2.80		2.80		2.80

		qcyl(A)		2.80		(1+kappa^2)				100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%

		qcyl		2.80						1.413				Bt		1.415		1.524		1.653		1.798		1.956		2.122		2.296				Bt		1.524		1.413		1.593				Bt		1.527		1.651		1.791		1.939		2.095		2.260		2.432				Bt		1.651		1.795		1.997

		sMHD		44.8		qMHD*s/sMHD				6.0%				fH20		8.6%		7.3%		6.5%		5.9%		5.5%		5.1%		5.0%				fH20		7.3%		6.0%		6.3%				fH20		11.0%		8.7%		7.5%		6.7%		6.1%		5.7%		5.4%				fH20		8.7%		9.2%		9.9%

		s		13.2						71.7				TH20max		92.9		80.3		73.2		68.6		65.3		62.9		60.1				TH20max		80.3		71.7		73.8				TH20max		112.5		88.8		77.5		71.1		67.1		64.3		62.3				TH20max		88.8		92.6		98.4

		qMHD		9.540		PI()*R0*e^2*Bt*s/qcyl/mu0/1e6				79.6				TCumax		108.3		92.7		83.7		77.9		73.8		70.7		67.5				TCumax		92.7		79.6		81.8				TCumax		143.2		106.1		91.5		83.0		77.6		73.8		71.1				TCumax		106.1		111.9		121.3

		Javgtf		1.045E+07						23.2				Sigmax		33.2		27.0		24.4		23.4		23.4		24.0		24.9				Sigmax		27.0		23.2		29.5				Sigmax		48.6		38.4		33.8		31.6		30.8		30.9		31.5				Sigmax		38.4		45.4		56.1

		∆Rfw		0.100		Ip*Beta_N/R0/e/Bt				1.05E+07				Javgtf		1.49E+07		1.13E+07		9.38E+06		8.28E+06		7.61E+06		7.18E+06		6.91E+06				Javgtf		1.13E+07		1.05E+07		1.18E+07				Javgtf		3.38E+07		2.46E+07		2.00E+07		1.73E+07		1.56E+07		1.45E+07		1.37E+07				Javgtf		2.46E+07		2.68E+07		2.98E+07

		∆Rtf		0.733						850.6				W_tf		905.8		990.7		1107.2		1251.5		1420.0		1611.4		1824.0				W_tf		990.7		850.6		1083.1				W_tf		315.8		352.9		398.9		451.6		511.1		578.1		653.4				W_tf		352.9		417.8		518.2

		fH20		0.060		Beta_N*(mu0*1000000)*10*e*R0*Bt*s/Ip				18.440				Ip		21.563		19.889		18.462		17.234		16.167		15.235		14.413				Ip		19.889		18.440		20.787				Ip		13.958		12.930		11.999		11.150		10.394		9.734		9.160				Ip		12.930		14.056		15.639

		Bt(J)		1.413						7.22%				Beta_N		8.25%		8.09%		7.85%		7.56%		7.26%		6.97%		6.70%				Beta_N		8.09%		7.22%		5.33%				Beta_N		6.84%		6.58%		6.35%		6.18%		6.03%		5.89%		5.74%				Beta_N		6.58%		5.38%		4.28%

		Bt		1.413						84.5%				Beta_N/Beta_N(A)		94.5%		94.7%		94.3%		93.6%		92.7%		91.6%		90.4%				Beta_N/Beta_N(A)		94.7%		84.5%		62.3%				Beta_N/Beta_N(A)		78.3%		76.9%		76.4%		76.5%		77.0%		77.4%		77.5%				Beta_N/Beta_N(A)		76.9%		63.0%		50.1%

		Itf		1.77E+07						56.5%				Beta_T		70.4%		63.4%		56.1%		49.3%		43.2%		38.0%		33.6%				Beta_T		63.4%		56.5%		41.7%				Beta_T		58.4%		51.5%		45.4%		40.3%		35.9%		32.1%		28.8%				Beta_T		51.5%		42.1%		33.5%

		TH20max		71.7		fGW*Ip/(PI()*R0^2*e^2*(1+0.5*alpha_N))*1e20				151.8%				Beta_P		169.8%		170.1%		170.7%		171.2%		171.8%		172.3%		172.7%				Beta_P		170.1%		151.8%		112.0%				Beta_P		140.7%		138.3%		138.1%		140.0%		142.7%		145.5%		147.9%				Beta_P		138.3%		113.1%		90.0%

		TCumax		79.6						1.81E+20				xne		1.95E+20		2.05E+20		2.16E+20		2.27E+20		2.39E+20		2.50E+20		2.61E+20				xne		2.05E+20		1.81E+20		1.25E+20				xne		2.12E+20		2.11E+20		2.17E+20		2.28E+20		2.43E+20		2.60E+20		2.75E+20				xne		2.11E+20		1.79E+20		1.60E+20

		Sigmax		23.2		0.5*(2+alpha_N)*xne/1e20				95.2%				fGW		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		99.9%				fGW		100.0%		95.2%		58.4%				fGW		60.6%		56.9%		55.5%		55.9%		57.1%		58.5%		59.6%				fGW		56.9%		44.4%		35.7%

		∆Ztf middle		10.466						0.220				alpha_n(A)		0.213		0.220		0.226		0.232		0.237		0.241		0.245				alpha_n(A)		0.220		0.220		0.220				alpha_n(A)		0.213		0.220		0.226		0.232		0.237		0.241		0.245				alpha_n(A)		0.220		0.220		0.220

		∆Ztf end		4.581						0.220				alpha_T(A)		0.213		0.220		0.226		0.232		0.237		0.241		0.245				alpha_T(A)		0.220		0.220		0.220				alpha_T(A)		0.213		0.220		0.226		0.232		0.237		0.241		0.245				alpha_T(A)		0.220		0.220		0.220

		Rend/Rmiddle		1.909						82.3%				fBS		92.3%		92.3%		92.5%		92.8%		93.1%		93.5%		93.9%				fBS		92.3%		82.3%		60.7%				fBS		76.5%		75.0%		74.9%		75.8%		77.4%		79.0%		80.4%				fBS		75.0%		61.4%		48.8%

		Nu_TF		0.95		1.5*tpote*(Beta_N*Ip*Bt/(R0*e*2*mu0))/(3.52*1.6e-16*(1+(5/Q)-frad))				8.636				Tempavg		10.182		10.061		9.945		9.833		9.723		9.615		9.520				Tempavg		10.061		8.636		11.701				Tempavg		8.860		9.182		9.268		9.155		8.941		8.718		8.528				Tempavg		9.182		10.469		11.495

		P_tf_inner		58.2						1.600				HH		1.800		1.800		1.800		1.800		1.800		1.800		1.800				HH		1.800		1.600		1.400				HH		1.800		1.800		1.800		1.800		1.800		1.800		1.800				HH		1.800		1.600		1.400

		P_tf_outer		21.4						2.789				Tau_E*HH		3.675		3.469		3.318		3.205		3.120		3.056		3.003				Tau_E*HH		3.469		2.789		1.953				Tau_E*HH		1.480		1.346		1.256		1.195		1.153		1.121		1.095				Tau_E*HH		1.346		1.066		0.900

		∑P_tf		83.7						6.761				Q		26.441		24.591		23.580		23.053		22.823		22.779		22.869				Q		24.591		6.761		5.283				Q		3.837		3.730		3.638		3.558		3.494		3.447		3.418				Q		3.730		2.988		2.483

		Ip		18.440						45.3				P_Brem		68.7		64.3		60.6		57.5		55.0		52.8		50.8				P_Brem		64.3		45.3		25.2				P_Brem		15.9		13.5		12.3		11.7		11.4		11.3		11.1				P_Brem		13.5		10.4		8.7

		(Rpf-R0)/a		4.00E+00						68.3				P_aux		31.6		31.3		30.3		28.8		27.2		25.6		24.0				P_aux		31.3		68.3		87.5				P_aux		47.1		44.6		42.3		40.3		38.4		36.5		34.7				P_aux		44.6		55.7		67.0

		Rpf		7.17E+00						462.1				P_fusion		836.4		770.1		713.3		664.1		621.0		583.0		549.3				P_fusion		770.1		462.1		462.1				P_fusion		180.7		166.3		154.1		143.4		134.1		125.9		118.6				P_fusion		166.3		166.3		166.3

		Ipf/Ip		5.00E-01						92.4				P_alpha		167.3		154.0		142.7		132.8		124.2		116.6		109.9				P_alpha		154.0		92.4		92.4				P_alpha		36.1		33.3		30.8		28.7		26.8		25.2		23.7				P_alpha		33.3		33.3		33.3

		Ipf		9.22E+06						0.22				Eta_CD		0.25		0.25		0.25		0.25		0.24		0.24		0.24				Eta_CD		0.25		0.22		0.29				Eta_CD		0.22		0.23		0.23		0.23		0.22		0.22		0.21				Eta_CD		0.23		0.26		0.29

		Jpf		1.00E+07						68.3				P_CD		31.6		31.3		30.3		28.8		27.2		25.6		24.0				P_CD		31.3		68.3		87.5				P_CD		47.1		44.6		42.3		40.3		38.4		36.5		34.7				P_CD		44.6		55.7		67.0

		Apf		9.22E-01		xne*(1-Zimp*fimp)-2*xnHe				100.0%				P_CD/P_aux		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%				P_CD/P_aux		100.0%		100.0%		100.0%				P_CD/P_aux		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%				P_CD/P_aux		100.0%		100.0%		100.0%

		P_pf		168.4						151.9				P_aux_input		70.3		69.6		67.2		64.0		60.5		56.9		53.4				P_aux_input		69.6		151.9		194.3				P_aux_input		104.6		99.1		94.1		89.6		85.3		81.2		77.1				P_aux_input		99.1		123.7		148.9

		P_pf		0.0						83.7				∑P_tf		120.7		97.3		87.1		82.9		81.7		82.3		84.0				∑P_tf		97.3		83.7		103.6				∑P_tf		105.3		80.7		70.4		65.8		63.9		63.9		65.0				∑P_tf		80.7		95.0		117.4

		alpha_n(A)		0.22						15.6				P_bop		26.4		24.1		22.1		20.4		18.9		17.7		16.5				P_bop		24.1		15.6		14.5				P_bop		20.0		20.0		20.0		20.0		20.0		20.0		20.0				P_bop		20.0		20.0		20.0

		alpha_T(A)		0.22						251.2				∑P_elec input		217.4		190.9		176.5		167.3		161.1		156.8		153.9				∑P_elec input		190.9		251.2		312.5				∑P_elec input		229.9		199.8		184.6		175.3		169.3		165.0		162.1				∑P_elec input		199.8		238.7		286.3

		Beta_N(A)		8.55%						155.8				P_elec gen		264.3		240.9		221.1		204.1		189.5		176.7		165.4				P_elec gen		240.9		155.8		145.5				P_elec gen		0.0		0.0		0.0		0.0		0.0		0.0		0.0				P_elec gen		0.0		0.0		0.0

		Beta_N		7.22%						-95.4				P_net elec		46.9		49.9		44.6		36.8		28.4		19.9		11.5				P_net elec		49.9		-95.4		-167.0				P_net elec		-229.9		-199.8		-184.6		-175.3		-169.3		-165.0		-162.1				P_net elec		-199.8		-238.7		-286.3

		Beta_T		56.5%						1.5				Xnwall		2.5		2.5		2.5		2.5		2.5		2.5		2.5				Xnwall		2.5		1.5		1.5				Xnwall		1.5		1.5		1.5		1.5		1.5		1.5		1.5				Xnwall		1.5		1.5		1.5

		Beta_P		151.8%		xnDT*(((1+fimp)/(1-Zimp*fimp))+1)+xnHe*(2*((1+fimp)/(1-Zimp*fimp))+1)				6.75E+11				n/s/W																		n/s/W				6.75E+11		5.43E+11				n/s/W		2.92E+11		3.06E+11		3.03E+11		2.93E+11		2.81E+11		2.68E+11		2.55E+11				n/s/W		3.06E+11		2.56E+11		2.13E+11

		pf		1.19

		kBS(A)		0.6365						0.0000				A		1.4		1.5		1.6		1.7		1.8		1.9		2.0														A		1.4		1.5		1.6		1.7		1.8		1.9		2.0

		fBS		82.3%						-0.0000				P_net (Menard)		46.9		49.3		44.6		36.8		28.4		19.9		11.5														n/s/w (Menard)		2.92E+11		3.06E+11		3.03E+11		2.93E+11		2.81E+11		2.68E+11		2.55E+11

		Eta_CD		0.22										P_net (Wong)		-0.5		-13.8		-31.3		-49.5		-67.3		-84.5		-100.9														n/s/W (Wong)		2.56E+11		2.49E+11		2.33E+11		2.16E+11		1.98E+11		1.82E+11		1.66E+11

		P_CD		68.3

		P_aux/P_CD		1.00																																						A		1.4		1.5		1.6		1.7		1.8		1.9		2

		P_aux		68.3																																						P_input (Menard)		229.9		199.8		184.6		175.3		169.3		165.0		162.1

		P_fusion		462.1																																						P_input (Wong)		246.7		229.8		223.6		222.3		223.6		226.6		230.9

		Q		6.761

		P_alpha_target		92.412

		fGW		0.95		((Beta_N*Ip*Bt)/(R0*e*2*mu0)*(1+alpha_N+alpha_T)/((1+alpha_N)*xnTotal*1.6e-16))

		xne		1.812E+20		((Beta_N*Ip*Bt)/(R0*e*2*mu0)/(xnTotal*1.6e-16))

		ane		20.11

		tau_p/tau_E		5.00		(xnDT+4*xnHe+Zimp^2*fimp*xne)/xne

		frad		0.490		4.8E-43*Zeff*xne^2*(1+alpha_N)^2*Temp0^0.5*(1+alpha_T)^0.5*(2*PI()^2*R0^3*e^2*kappa)/(1+2*alpha_N+(alpha_T/2))

		xnHe		4.785E+18		20

		Zimp		4		R0*e/nrdiv

		fimp		0.06		Rminor

		xnDT		1.282E+20		(B36-0.5)*dr

		xnTotal		3.250E+20		(B37-0.5)*dr

		Temp0		10.19		(B38-0.5)*dr

		Tempavg		8.64		(B39-0.5)*dr

		Eta_CD(<Te>)		0.22

		difcalc(Eta_CD)		-0.00

		Zeff		1.77		(B40-0.5)*dr

		P_Brem		45.253		(B41-0.5)*dr

		nrdiv		20		(B42-0.5)*dr

		dr		0.0833333333		(B43-0.5)*dr

				Rminor		(B44-0.5)*dr		Tikev		dens		dv		rdtcgs		exparg		svdt		power		sum

		1		0.0416666667		(B45-0.5)*dr		10.1915782996		1.56324910197394E+20		1.196		78162455098697		-36.7082795612		1.14234358297613E-16		0.3908239393		0.4672597337

		2		0.125		(B46-0.5)*dr		10.1803385989		1.56152508518997E+20		3.587		78076254259498.3		-36.7110361864		1.13919890616572E-16		0.3888888806		1.8620984059

		3		0.2083333333		(B47-0.5)*dr		10.1577262905		1.55805666550492E+20		5.978		77902833275246		-36.7165970441		1.13288156437168E-16		0.3850162347		4.1636793125

		4		0.2916666667		(B48-0.5)*dr		10.1234695035		1.55280214163391E+20		8.369		77640107081695.5		-36.725059936		1.12333456469953E-16		0.379200936		7.3372241598

		5		0.375		(B49-0.5)*dr		10.0771446744		1.54569654470842E+20		10.760		77284827235420.9		-36.7365783281		1.11046978978388E-16		0.371435369		11.3339371747

		6		0.4583333333		(B50-0.5)*dr		10.018155805		1.53664845671618E+20		13.151		76832422835809		-36.7513703493		1.09416458787406E-16		0.361709353		16.0908985305

		7		0.5416666667		(B51-0.5)*dr		9.9457033822		1.52553524328387E+20		15.542		76276762164193.3		-36.7697324564		1.07425675467244E-16		0.3500101344		21.5309269807

		8		0.625		(B52-0.5)*dr		9.8587391752		1.51219612009418E+20		17.934		75609806004709		-36.7920596438		1.05053740141092E-16		0.3363223999		27.5624119765

		9		0.7083333333		(B53-0.5)*dr		9.7559007975		1.49642211563389E+20		20.325		74821105781694.6		-36.8188752903		1.02274091777473E-16		0.3206283376		34.0791164105

		10		0.7916666667		(B54-0.5)*dr		9.6354160253		1.47794139493408E+20		22.716		73897069746704.2		-36.8508758267		9.90530779332574E-17		0.3029077865		40.9599528979

		11		0.875		(B55-0.5)*dr		9.4949599957		1.45639735575718E+20		25.107		72819867787858.8		-36.8889991802		9.53479177345162E-17		0.2831385556		48.0687399743

		12		0.9583333333				9.3314356817		1.43131495640623E+20		27.498		71565747820311.4		-36.9345331593		9.11037087817346E-17		0.2612970531		55.2539513219

		13		1.0416666667		P_Brem/P_alpha		9.1406230372		1.40204689934975E+20		29.889		70102344967487.4		-36.9892945269		8.62488866170489E-17		0.2373594985		62.3484844954

		14		1.125		frad-C57		8.9165895891		1.36768322414481E+20		32.281		68384161207240.5		-37.0559412542		8.06880447302873E-17		0.211304267		69.1695030457

		15		1.2083333333		2*PI()^2*R0^3*e^2*kappa		8.6506347223		1.32688937508648E+20		34.672		66344468754324.2		-37.1385559339		7.42899544442307E-17		0.1831165345		75.5184654886

		16		1.2916666667		3/4/mu0*0.000001*((Beta_N*Ip*Bt)/R0/e)*vol		8.3292322535		1.27759062018281E+20		37.063		63879531009140.4		-37.2438393628		6.68661132989042E-17		0.1527979561		81.1815942733

		17		1.375		0.0562*Ip^0.93*R0^1.97*e^0.58*Bt^0.15*kappa*0.78*ane^0.41*2.5^0.19/(P_alpha*(1+5/Q-frad))^0.69		7.9295288112		1.21628156393048E+20		39.454		60814078196524.1		-37.3838763796		5.8128454494937E-17		0.1203885156		85.9314038505

		18		1.4583333333				7.4076706024		1.13623563264663E+20		41.845		56811781632331.5		-37.5838352247		4.75935119886634E-17		0.0860226066		89.5310336793

		19		1.5416666667		Tau_e*HH		6.6586995441		1.0213536879795E+20		44.236		51067684398975.2		-37.9110769754		3.43106121506921E-17		0.0501082026		91.7476358208

		20		1.625		Hcordy*P_alpha*(1+5/Q-frad)/Wtot*Tau_e		5.2586315592		8.06602355490246E+19		46.627		40330117774512.3		-38.6967896445		1.56385970651485E-17		0.0142444209		92.4118170597

		P_alpha		92.412

		difcalc(P_alpha)		0.000

		fradcalc		0.490

		difcalc (frad)		-1.207E-10

		vol		478.23

		Wtot		322.15

		Tau_E		1.743

		HH		1.600		P_alpha*5/Q

		Tau_E*HH		2.789		(0.525+0.5*alpha_N)*SQRT(e)*Beta_P

		eo2		0.3333333333		(xne*R0*Ip*(1-fBS))/1e20/Eta_CD

		e1		1.2530761675		P_CD/P_aux

		e2		0.0812200127		P_aux*Q

		e3		0.9345621283		Wtot/C63

		e4		0.7442094032

		e5		0.05

		Eta_neo		6.04E-03

		P_loss		115.5

		Tau_J		128.4

		a1		0.807360219

		a2		0.554180534

		a3		1.661399177

		a4		0.1533333333

		ls		0.11872607

		m		0.2359052245

		Li		0.1

		Lext		0.008

		FluxFactor		0.023

		T_flat		5

		C_ejima		0.25

		Psi_OH (axial)		25.65

		Psi_OH (Poynting)		27.55

		Xnwall		1.50

		P_LtoH		8.55

		phi_CS		0.552

		theta_CS		1.169

		f_CS		0.081

		f_surface		0.9

		fN		0.827						0.081		3.000		3.200		3.400		3.600		3.800		4.000

		Nu_conversion		0.35						1.300		0.053		0.053		0.054		0.054		0.055		0.055

		BEM		1.20						1.400		0.066		0.067		0.068		0.069		0.069		0.070

		Gen Elec?		Yes						1.500		0.079		0.080		0.081		0.081		0.082		0.082

		P_elec gen		155.77						1.600		0.090		0.091		0.092		0.093		0.094		0.094

		P_bop		15.6						1.700		0.100		0.102		0.103		0.103		0.104		0.105

		Nu_Paux		0.45						1.800		0.110		0.111		0.112		0.113		0.114		0.115

		P_aux_input		151.9						1.900		0.118		0.120		0.121		0.122		0.123		0.124

		∑P_elec input		251.2						2.000		0.126		0.128		0.129		0.130		0.131		0.132

		P_net elec		-95.4						2.100		0.134		0.135		0.137		0.138		0.139		0.140

		Q_elec		0.6						2.200		0.141		0.143		0.144		0.145		0.146		0.147

		N_flux		1.70E+20						2.300		0.147		0.149		0.151		0.152		0.153		0.154

		n/s/W		6.75E+11						2.400		0.153		0.155		0.157		0.158		0.159		0.161

										2.500		0.159		0.161		0.163		0.164		0.165		0.167

										2.600		0.165		0.167		0.168		0.170		0.171		0.172

										2.700		0.170		0.172		0.174		0.175		0.176		0.178

										2.800		0.175		0.177		0.179		0.180		0.181		0.183

										2.900		0.179		0.181		0.183		0.185		0.186		0.187

										3.000		0.184		0.186		0.188		0.189		0.191		0.192
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Beta_N

		0		1		1		0

		0.1		0.9977913687		0.9977913687		0.1

		0.2		0.9910593685		0.9910593685		0.1995587616

		0.3		0.9794654165		0.9794654165		0.2977786287

		0.4		0.9623685966		0.9623685966		0.393713879

		0.5		0.9386711671		0.9386711671		0.4863292105

		0.6		0.9064828548		0.9064828548		0.5744395665

		0.7		0.8623140033		0.8623140033		0.6566106831

		0.8		0.7987052703		0.7987052703		0.7309692271

		0.9		0.6939461845		0.6939461845		0.794762238

		1		0.000359929		0.000359929		0.8429183687

		peaking factor		1.1863545002

		Beta_N		8.3989604049





TF_outer

		Rho_outer		3.70E-08		Ω-m

		J_vert		1.00E+06		A/m^2

		A_vert		17.7		m^2

		R_vert		6.7		m

		Z_vert		5.8		m		11.6291691358

		Thk_vert		4.22E-01		m

		Res_vert		2.44E-08		Ω

		J_horizon		1.50E+06		A/m^2

		A_horizon		11.8		m^2

		R_horizon		4.2		m

		R_horizon_avg		2.78E+00		m

		J_angled		1.25E+06		A/m^2

		A_angled		14.1		m^2

		Thk_horizon		6.73E-01		m

		Res_horizon		1.91E-08		Ω

		R_angled_avg		5.42E+00		m

		Thk_angled		4.15E-01		m

		Theta		1.01E+00		rad

				5.80E+01		deg

		Res_angled		2.52E-08		Ω

		∑R_outer		6.86E-08		Ω

		P_tf_outer		21.4		MW

		P_tf_outer/P_tf_inner		36.8%

		Density Al		2670		kg/m^3

		Mass horizon		1.74E+05

		Mass angled		3.56E+05

		Mass vert		5.48E+05

		∑Mass		1.08E+06





Shape

		dTheta		10

		R0		2.500

		A		1.500

		a		1.667

		k		3.489

		d		0.600

		Theta		R		Z

		0		4		0

		0.1745329252		3.9421118233		0.9087228127

		0.3490658504		3.7754210579		1.7898345426

		0.5235987756		3.5193783481		2.6165630556

		0.6981317008		3.2019546385		3.3637886241

		0.872664626		2.8543753675		4.0088071776

		1.0471975512		2.5059752842		4.5320201534

		1.2217304764		2.180345641		4.9175299903

		1.3962634016		1.8933601769		5.1536231667

		1.5707963268		1.6530362899		5.2331261111

		1.745329252		1.4607427437		5.1536231667

		1.9198621772		1.3130966188		4.9175299903

		2.0943951024		1.2039598433		4.5320201534

		2.2689280276		1.1261415501		4.0088071776

		2.4434609528		1.0726292339		3.3637886241

		2.617993878		1.0373413419		2.6165630556

		2.7925268032		1.0154936827		1.7898345426

		2.9670597284		1.0037096806		0.9087228127

		3.1415926536		1		0

		3.3161255788		1.0037096806		-0.9087228127

		3.490658504		1.0154936827		-1.7898345426

		3.6651914292		1.0373413419		-2.6165630556

		3.8397243544		1.0726292339		-3.3637886241

		4.0142572796		1.1261415501		-4.0088071776

		4.1887902048		1.2039598433		-4.5320201534

		4.36332313		1.3130966188		-4.9175299903

		4.5378560552		1.4607427437		-5.1536231667

		4.7123889804		1.6530362899		-5.2331261111

		4.8869219056		1.8933601769		-5.1536231667

		5.0614548308		2.180345641		-4.9175299903

		5.235987756		2.5059752842		-4.5320201534

		5.4105206812		2.8543753675		-4.0088071776

		5.5850536064		3.2019546385		-3.3637886241

		5.7595865316		3.5193783481		-2.6165630556

		5.9341194568		3.7754210579		-1.7898345426

		6.108652382		3.9421118233		-0.9087228127

		6.2831853072		4		-0





TF_inductance

		rinner1		0.001		m

		rinner2		4.1666666667		m

		router1		6.6666666667		m

		router2		7.09E+00		m

		half height		9.8145845679		m

		height		19.6291691358		m

		outer half height		5.8145845679		m

		slope		-1.4755714253

		mid outer leg		6.8774808851		m

		Flux		0.000005454		weber/amp-turn

		Coils		1

		Turns		1

		Inductance		5.5E-06		H

		W_tf		850.6		MJ

		dr		0.1417659021

		R		Z/2		Z		Ifraction		B'		∑B'*A

		0.001		9.8145845679		19.6291691358		0		0		0

		0.1427659021		9.8145845679		19.6291691358		0.0340319842		0.0000000477		0

		0.2845318041		9.8145845679		19.6291691358		0.0680639683		0.0000000478		0.0000001327

		0.4262977062		9.8145845679		19.6291691358		0.1020959525		0.0000000479		0.0000002658

		0.5680636083		9.8145845679		19.6291691358		0.1361279367		0.0000000479		0.0000003991

		0.7098295104		9.8145845679		19.6291691358		0.1701599209		0.0000000479		0.0000005325

		0.8515954124		9.8145845679		19.6291691358		0.204191905		0.000000048		0.0000006659

		0.9933613145		9.8145845679		19.6291691358		0.2382238892		0.000000048		0.0000007993

		1.1351272166		9.8145845679		19.6291691358		0.2722558734		0.000000048		0.0000009328

		1.2768931186		9.8145845679		19.6291691358		0.3062878576		0.000000048		0.0000010663

		1.4186590207		9.8145845679		19.6291691358		0.3403198417		0.000000048		0.0000011998

		1.5604249228		9.8145845679		19.6291691358		0.3743518259		0.000000048		0.0000013333

		1.7021908249		9.8145845679		19.6291691358		0.4083838101		0.000000048		0.0000014668

		1.8439567269		9.8145845679		19.6291691358		0.4424157943		0.000000048		0.0000016003

		1.985722629		9.8145845679		19.6291691358		0.4764477784		0.000000048		0.0000017339

		2.1274885311		9.8145845679		19.6291691358		0.5104797626		0.000000048		0.0000018674

		2.2692544332		9.8145845679		19.6291691358		0.5445117468		0.000000048		0.0000020009

		2.4110203352		9.8145845679		19.6291691358		0.5785437309		0.000000048		0.0000021345

		2.5527862373		9.8145845679		19.6291691358		0.6125757151		0.000000048		0.000002268

		2.6945521394		9.8145845679		19.6291691358		0.6466076993		0.000000048		0.0000024016

		2.8363180414		9.8145845679		19.6291691358		0.6806396835		0.000000048		0.0000025351

		2.9780839435		9.8145845679		19.6291691358		0.7146716676		0.000000048		0.0000026687

		3.1198498456		9.8145845679		19.6291691358		0.7487036518		0.000000048		0.0000028023

		3.2616157477		9.8145845679		19.6291691358		0.782735636		0.000000048		0.0000029358

		3.4033816497		9.8145845679		19.6291691358		0.8167676202		0.000000048		0.0000030694

		3.5451475518		9.8145845679		19.6291691358		0.8507996043		0.000000048		0.0000032029

		3.6869134539		9.8145845679		19.6291691358		0.8848315885		0.000000048		0.0000033365

		3.8286793559		9.8145845679		19.6291691358		0.9188635727		0.000000048		0.0000034701

		3.970445258		9.8145845679		19.6291691358		0.9528955569		0.000000048		0.0000036036

		4.1122111601		9.8145845679		19.6291691358		0.986927541		0.000000048		0.0000037372

		4.2539770622		9.6857518432		19.3715036864		1		0.000000047		0.0000038708

		4.3957429642		9.476566129		18.953132258		1		0.0000000455		0.0000039999

		4.5375088663		9.2673804148		18.5347608296		1		0.0000000441		0.0000041222

		4.6792747684		9.0581947006		18.1163894013		1		0.0000000427		0.000004238

		4.8210406705		8.8490089865		17.6980179729		1		0.0000000415		0.0000043477

		4.9628065725		8.6398232723		17.2796465446		1		0.0000000403		0.0000044518

		5.1045724746		8.4306375581		16.8612751162		1		0.0000000392		0.0000045505

		5.2463383767		8.2214518439		16.4429036879		1		0.0000000381		0.0000046442

		5.3881042787		8.0122661298		16.0245322595		1		0.0000000371		0.0000047331

		5.5298701808		7.8030804156		15.6061608312		1		0.0000000362		0.0000048174

		5.6716360829		7.5938947014		15.1877894028		1		0.0000000353		0.0000048974

		5.813401985		7.3847089872		14.7694179745		1		0.0000000344		0.0000049733

		5.955167887		7.1755232731		14.3510465461		1		0.0000000336		0.0000050454

		6.0969337891		6.9663375589		13.9326751178		1		0.0000000328		0.0000051137

		6.2386996912		6.7571518447		13.5143036894		1		0.0000000321		0.0000051785

		6.3804655932		6.5479661305		13.0959322611		1		0.0000000313		0.0000052399

		6.5222314953		6.3387804164		12.6775608327		1		0.0000000307		0.0000052981

		6.6639973974		6.1295947022		12.2591894044		1		0.00000003		0.0000053532

		6.8057632995		5.920408988		11.840817976		0.6700966524		0.0000000197		0.0000054054

		6.9475292015		5.7112232738		11.4224465477		0.3338624479		0.0000000096		0.0000054384

		7.0892951036		5.5020375597		11.0040751193		-0.0023717565		-0.0000000001		0.000005454

		7.0882951036		0		0		0		0		0.000005454





TF_inductance

		0.001

		0.1434292792

		0.2858585584

		0.4282878376

		0.5707171168

		0.713146396

		0.8555756752

		0.9980049544

		1.1404342336

		1.2828635128

		1.425292792

		1.5677220712

		1.7101513504

		1.8525806296

		1.9950099089

		2.1374391881

		2.2798684673

		2.4222977465

		2.5647270257

		2.7071563049

		2.8495855841

		2.9920148633

		3.1344441425

		3.2768734217

		3.4193027009

		3.5617319801

		3.7041612593

		3.8465905385

		3.9890198177

		4.1314490969

		4.2738783761

		4.4163076553

		4.5587369345

		4.7011662137

		4.8435954929

		4.9860247721

		5.1284540513

		5.2708833305

		5.4133126097

		5.5557418889

		5.6981711681

		5.8406004473

		5.9830297266

		6.1254590058

		6.267888285

		6.4103175642

		6.5527468434

		6.6951761226

		6.8376054018

		6.980034681

		7.1224639602

		7.1214639602
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9.8145845679

9.8145845679

9.8145845679

9.6573479871

9.4484613553

9.2395747235

9.0306880918

8.82180146

8.6129148282

8.4040281965

8.1951415647

7.9862549329

7.7773683011

7.5684816694

7.3595950376

7.1507084058

6.9418217741

6.7329351423

6.5240485105

6.3151618788

6.106275247

5.8973886152

5.6885019834

5.4796153517

0



TF_Heating

		Itf		1.77E+07

		Rcenter		0.73				1.4666666667

		∆Zcenter		10.47

		Rends		1.40				2.8

		∆Zends		4.58

		fH20		0.06

		tH20inlet		35.00

		tH20max		100.00

		tH20avg		67.50

		vH20		10.00

		CSAcenter		1.69								Passage/Area

		CSAends		6.16								ARIES-ST		326

		CSAH20		0.10								Culham-CTF		2820

		Npassage/Area		500.00								VNS		1818

		Npassage		844.74

		Dpassage		0.012

		WPPassage		0.04

		WP		32.92

		FlowH20		1.02

		Xnwall		1.50

		SHH20		4179.87

		ViscH20		5.24E-04

		DensH20		981.19

		TconH20		0.66

		PrandtLH20		2.58

		Reynolds		232308.90

		Massflow		1001.9692364249

		Rmassflow		0.0000002388

		DensCu		8940.00

		SHCu		386.00

		CoeffCu		0.0041

		ResCu		1.98E-08

		Section		Region		R		∆Z		Pnuc		CSACu		MassCu		HcapCu		Wet Area		Rfilm		Rthermal		TH20in		Rohmic		Pohmic		Ptotal		∆TH20		∆Tfilm		Tcu

		1		End		1.40		3.43		0.00E+00		6.06		1.86E+05		7.16E+07		1.13E+02		2.53E-07		4.92E-07		35.00		1.19E-08		3.70E+06		3.70E+06		0.88		0.94		36.38

		2		Angled		1.07		1.15		1.16E+07		3.47		3.58E+04		1.38E+07		3.80E+01		7.51E-07		9.90E-07		35.88		7.00E-09		2.18E+06		1.38E+07		3.29		10.36		47.89

		3		Center		0.73		2.62		1.81E+07		1.59		3.71E+04		1.43E+07		8.61E+01		3.31E-07		5.70E-07		39.18		3.52E-08		1.10E+07		2.90E+07		6.94		9.63		52.27

		4		Center		0.73		2.62		1.81E+07		1.59		3.71E+04		1.43E+07		8.61E+01		3.31E-07		5.70E-07		46.11		3.61E-08		1.13E+07		2.93E+07		7.00		9.72		59.34

		5		Center		0.73		2.62		1.81E+07		1.59		3.71E+04		1.43E+07		8.61E+01		3.31E-07		5.70E-07		53.12		3.70E-08		1.15E+07		2.96E+07		7.07		9.82		66.48

		6		Center		0.73		2.62		1.81E+07		1.59		3.71E+04		1.43E+07		8.61E+01		3.31E-07		5.70E-07		60.19		3.80E-08		1.18E+07		2.99E+07		7.15		9.92		73.68

		7		Angled		1.07		1.15		1.16E+07		3.47		3.58E+04		1.38E+07		3.80E+01		7.51E-07		9.90E-07		67.34		7.85E-09		2.45E+06		1.41E+07		3.36		10.56		79.57

		8		End		1.40		3.43		0.00E+00		6.06		1.86E+05		7.16E+07		1.13E+02		2.53E-07		4.92E-07		70.69		1.35E-08		4.22E+06		4.22E+06		1.01		1.07		72.26

								19.63				∑		5.91E+05

																						Max->		71.70		∑		5.82E+07						Max->		79.57

								9.8145845679





TF_Stress

		Bmax		4.8166720001		T

		Nu		0.34

		Sigrr		-16224388.6262763

		Sigtt		-4475693.41414519

		Sigzz		-4755424.25252926

		SigVM		11611357.2061102

		fStress		2

		SigMax		23.2227144122		MPA





Base

		mu0		1.257E-06		4*PI()*0.0000001

		R0		2.500						2.500				R0		2.500		2.500		2.500		2.500		2.500		2.500		2.500				R0		2.500		2.500		2.500				R0		1.500		1.500		1.500		1.500		1.500		1.500		1.500				R0		1.500		1.500		1.500

		A		1.500						1.500				A		1.400		1.500		1.600		1.700		1.800		1.900		2.000				A		1.500		1.500		1.500				A		1.400		1.500		1.600		1.700		1.800		1.900		2.000				A		1.500		1.500		1.500

		e		0.67		1/A				3.489				kappa		3.612		3.489		3.382		3.288		3.204		3.128		3.060				kappa		3.489		3.489		3.489				kappa		3.612		3.489		3.382		3.288		3.204		3.128		3.060				kappa		3.489		3.489		3.489

		kappa(A)		3.49						0.600				delta		0.600		0.600		0.600		0.600		0.600		0.600		0.600				delta		0.600		0.600		0.600				delta		0.600		0.600		0.600		0.600		0.600		0.600		0.600				delta		0.600		0.600		0.600

		kappa		3.49						9.540				qMHD		12.348		9.540		7.962		6.978		6.315		5.841		5.486				qMHD		9.540		9.540		9.540				qMHD		12.348		9.540		7.962		6.978		6.315		5.841		5.486				qMHD		9.540		9.540		9.540

		delta		0.60		(1+kappa^2*(1+2*delta^2-1.2*delta^3))/(1-e^2)^2				2.80				qcyl		2.94		2.80		2.72		2.66		2.63		2.60		2.58				qcyl		2.80		2.80		2.80				qcyl		2.94		2.80		2.72		2.66		2.63		2.60		2.58				qcyl		2.80		2.80		2.80

		qcyl(A)		2.80		(1+kappa^2)				100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%

		qcyl		2.80						1.413				Bt		1.415		1.524		1.653		1.798		1.956		2.122		2.296				Bt		1.524		1.413		1.593				Bt		1.527		1.651		1.791		1.939		2.095		2.260		2.432				Bt		1.651		1.795		1.997

		sMHD		44.8		qMHD*s/sMHD				6.0%				fH20		8.6%		7.3%		6.5%		5.9%		5.5%		5.1%		5.0%				fH20		7.3%		6.0%		6.3%				fH20		11.0%		8.7%		7.5%		6.7%		6.1%		5.7%		5.4%				fH20		8.7%		9.2%		9.9%

		s		13.2						71.7				TH20max		92.9		80.3		73.2		68.6		65.3		62.9		60.1				TH20max		80.3		71.7		73.8				TH20max		112.5		88.8		77.5		71.1		67.1		64.3		62.3				TH20max		88.8		92.6		98.4

		qMHD		9.540		PI()*R0*e^2*Bt*s/qcyl/mu0/1e6				79.6				TCumax		108.3		92.7		83.7		77.9		73.8		70.7		67.5				TCumax		92.7		79.6		81.8				TCumax		143.2		106.1		91.5		83.0		77.6		73.8		71.1				TCumax		106.1		111.9		121.3

		Javgtf		1.045E+07						23.2				Sigmax		33.2		27.0		24.4		23.4		23.4		24.0		24.9				Sigmax		27.0		23.2		29.5				Sigmax		48.6		38.4		33.8		31.6		30.8		30.9		31.5				Sigmax		38.4		45.4		56.1

		∆Rfw		0.100		Ip*Beta_N/R0/e/Bt				1.05E+07				Javgtf		1.49E+07		1.13E+07		9.38E+06		8.28E+06		7.61E+06		7.18E+06		6.91E+06				Javgtf		1.13E+07		1.05E+07		1.18E+07				Javgtf		3.38E+07		2.46E+07		2.00E+07		1.73E+07		1.56E+07		1.45E+07		1.37E+07				Javgtf		2.46E+07		2.68E+07		2.98E+07

		∆Rtf		0.733						850.6				W_tf		905.8		990.7		1107.2		1251.5		1420.0		1611.4		1824.0				W_tf		990.7		850.6		1083.1				W_tf		315.8		352.9		398.9		451.6		511.1		578.1		653.4				W_tf		352.9		417.8		518.2

		fH20		0.060		Beta_N*(mu0*1000000)*10*e*R0*Bt*s/Ip				18.440				Ip		21.563		19.889		18.462		17.234		16.167		15.235		14.413				Ip		19.889		18.440		20.787				Ip		13.958		12.930		11.999		11.150		10.394		9.734		9.160				Ip		12.930		14.056		15.639

		Bt(J)		1.413						7.22%				Beta_N		8.25%		8.09%		7.85%		7.56%		7.26%		6.97%		6.70%				Beta_N		8.09%		7.22%		5.33%				Beta_N		6.84%		6.58%		6.35%		6.18%		6.03%		5.89%		5.74%				Beta_N		6.58%		5.38%		4.28%

		Bt		1.413						84.5%				Beta_N/Beta_N(A)		94.5%		94.7%		94.3%		93.6%		92.7%		91.6%		90.4%				Beta_N/Beta_N(A)		94.7%		84.5%		62.3%				Beta_N/Beta_N(A)		78.3%		76.9%		76.4%		76.5%		77.0%		77.4%		77.5%				Beta_N/Beta_N(A)		76.9%		63.0%		50.1%

		Itf		1.77E+07						56.5%				Beta_T		70.4%		63.4%		56.1%		49.3%		43.2%		38.0%		33.6%				Beta_T		63.4%		56.5%		41.7%				Beta_T		58.4%		51.5%		45.4%		40.3%		35.9%		32.1%		28.8%				Beta_T		51.5%		42.1%		33.5%

		TH20max		71.7		fGW*Ip/(PI()*R0^2*e^2*(1+0.5*alpha_N))*1e20				151.8%				Beta_P		169.8%		170.1%		170.7%		171.2%		171.8%		172.3%		172.7%				Beta_P		170.1%		151.8%		112.0%				Beta_P		140.7%		138.3%		138.1%		140.0%		142.7%		145.5%		147.9%				Beta_P		138.3%		113.1%		90.0%

		TCumax		79.6						1.81E+20				xne		1.95E+20		2.05E+20		2.16E+20		2.27E+20		2.39E+20		2.50E+20		2.61E+20				xne		2.05E+20		1.81E+20		1.25E+20				xne		2.12E+20		2.11E+20		2.17E+20		2.28E+20		2.43E+20		2.60E+20		2.75E+20				xne		2.11E+20		1.79E+20		1.60E+20

		Sigmax		23.2		0.5*(2+alpha_N)*xne/1e20				95.2%				fGW		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		99.9%				fGW		100.0%		95.2%		58.4%				fGW		60.6%		56.9%		55.5%		55.9%		57.1%		58.5%		59.6%				fGW		56.9%		44.4%		35.7%

		∆Ztf middle		10.466						0.220				alpha_n(A)		0.213		0.220		0.226		0.232		0.237		0.241		0.245				alpha_n(A)		0.220		0.220		0.220				alpha_n(A)		0.213		0.220		0.226		0.232		0.237		0.241		0.245				alpha_n(A)		0.220		0.220		0.220

		∆Ztf end		4.581						0.220				alpha_T(A)		0.213		0.220		0.226		0.232		0.237		0.241		0.245				alpha_T(A)		0.220		0.220		0.220				alpha_T(A)		0.213		0.220		0.226		0.232		0.237		0.241		0.245				alpha_T(A)		0.220		0.220		0.220

		Rend/Rmiddle		1.909						82.3%				fBS		92.3%		92.3%		92.5%		92.8%		93.1%		93.5%		93.9%				fBS		92.3%		82.3%		60.7%				fBS		76.5%		75.0%		74.9%		75.8%		77.4%		79.0%		80.4%				fBS		75.0%		61.4%		48.8%

		Nu_TF		0.95		1.5*tpote*(Beta_N*Ip*Bt/(R0*e*2*mu0))/(3.52*1.6e-16*(1+(5/Q)-frad))				8.636				Tempavg		10.182		10.061		9.945		9.833		9.723		9.615		9.520				Tempavg		10.061		8.636		11.701				Tempavg		8.860		9.182		9.268		9.155		8.941		8.718		8.528				Tempavg		9.182		10.469		11.495

		P_tf_inner		58.2						1.600				HH		1.800		1.800		1.800		1.800		1.800		1.800		1.800				HH		1.800		1.600		1.400				HH		1.800		1.800		1.800		1.800		1.800		1.800		1.800				HH		1.800		1.600		1.400

		P_tf_outer		21.4						2.789				Tau_E*HH		3.675		3.469		3.318		3.205		3.120		3.056		3.003				Tau_E*HH		3.469		2.789		1.953				Tau_E*HH		1.480		1.346		1.256		1.195		1.153		1.121		1.095				Tau_E*HH		1.346		1.066		0.900

		∑P_tf		83.7						6.761				Q		26.441		24.591		23.580		23.053		22.823		22.779		22.869				Q		24.591		6.761		5.283				Q		3.837		3.730		3.638		3.558		3.494		3.447		3.418				Q		3.730		2.988		2.483

		Ip		18.440						45.3				P_Brem		68.7		64.3		60.6		57.5		55.0		52.8		50.8				P_Brem		64.3		45.3		25.2				P_Brem		15.9		13.5		12.3		11.7		11.4		11.3		11.1				P_Brem		13.5		10.4		8.7

		(Rpf-R0)/a		4.00E+00						68.3				P_aux		31.6		31.3		30.3		28.8		27.2		25.6		24.0				P_aux		31.3		68.3		87.5				P_aux		47.1		44.6		42.3		40.3		38.4		36.5		34.7				P_aux		44.6		55.7		67.0

		Rpf		7.17E+00						462.1				P_fusion		836.4		770.1		713.3		664.1		621.0		583.0		549.3				P_fusion		770.1		462.1		462.1				P_fusion		180.7		166.3		154.1		143.4		134.1		125.9		118.6				P_fusion		166.3		166.3		166.3

		Ipf/Ip		5.00E-01						92.4				P_alpha		167.3		154.0		142.7		132.8		124.2		116.6		109.9				P_alpha		154.0		92.4		92.4				P_alpha		36.1		33.3		30.8		28.7		26.8		25.2		23.7				P_alpha		33.3		33.3		33.3

		Ipf		9.22E+06						0.22				Eta_CD		0.25		0.25		0.25		0.25		0.24		0.24		0.24				Eta_CD		0.25		0.22		0.29				Eta_CD		0.22		0.23		0.23		0.23		0.22		0.22		0.21				Eta_CD		0.23		0.26		0.29

		Jpf		1.00E+07						68.3				P_CD		31.6		31.3		30.3		28.8		27.2		25.6		24.0				P_CD		31.3		68.3		87.5				P_CD		47.1		44.6		42.3		40.3		38.4		36.5		34.7				P_CD		44.6		55.7		67.0

		Apf		9.22E-01		xne*(1-Zimp*fimp)-2*xnHe				100.0%				P_CD/P_aux		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%				P_CD/P_aux		100.0%		100.0%		100.0%				P_CD/P_aux		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%				P_CD/P_aux		100.0%		100.0%		100.0%

		P_pf		168.4						151.9				P_aux_input		70.3		69.6		67.2		64.0		60.5		56.9		53.4				P_aux_input		69.6		151.9		194.3				P_aux_input		104.6		99.1		94.1		89.6		85.3		81.2		77.1				P_aux_input		99.1		123.7		148.9

		P_pf		0.0						83.7				∑P_tf		120.7		97.3		87.1		82.9		81.7		82.3		84.0				∑P_tf		97.3		83.7		103.6				∑P_tf		105.3		80.7		70.4		65.8		63.9		63.9		65.0				∑P_tf		80.7		95.0		117.4

		alpha_n(A)		0.22						15.6				P_bop		26.4		24.1		22.1		20.4		18.9		17.7		16.5				P_bop		24.1		15.6		14.5				P_bop		20.0		20.0		20.0		20.0		20.0		20.0		20.0				P_bop		20.0		20.0		20.0

		alpha_T(A)		0.22						251.2				∑P_elec input		217.4		190.9		176.5		167.3		161.1		156.8		153.9				∑P_elec input		190.9		251.2		312.5				∑P_elec input		229.9		199.8		184.6		175.3		169.3		165.0		162.1				∑P_elec input		199.8		238.7		286.3

		Beta_N(A)		8.55%						155.8				P_elec gen		264.3		240.9		221.1		204.1		189.5		176.7		165.4				P_elec gen		240.9		155.8		145.5				P_elec gen		0.0		0.0		0.0		0.0		0.0		0.0		0.0				P_elec gen		0.0		0.0		0.0

		Beta_N		7.22%						-95.4				P_net elec		46.9		49.9		44.6		36.8		28.4		19.9		11.5				P_net elec		49.9		-95.4		-167.0				P_net elec		-229.9		-199.8		-184.6		-175.3		-169.3		-165.0		-162.1				P_net elec		-199.8		-238.7		-286.3

		Beta_T		56.5%						1.5				Xnwall		2.5		2.5		2.5		2.5		2.5		2.5		2.5				Xnwall		2.5		1.5		1.5				Xnwall		1.5		1.5		1.5		1.5		1.5		1.5		1.5				Xnwall		1.5		1.5		1.5

		Beta_P		151.8%		xnDT*(((1+fimp)/(1-Zimp*fimp))+1)+xnHe*(2*((1+fimp)/(1-Zimp*fimp))+1)				6.75E+11				n/s/W																		n/s/W				6.75E+11		5.43E+11				n/s/W		2.92E+11		3.06E+11		3.03E+11		2.93E+11		2.81E+11		2.68E+11		2.55E+11				n/s/W		3.06E+11		2.56E+11		2.13E+11

		pf		1.19

		kBS(A)		0.6365						0.0000				A		1.4		1.5		1.6		1.7		1.8		1.9		2.0														A		1.4		1.5		1.6		1.7		1.8		1.9		2.0

		fBS		82.3%						-0.0000				P_net (Menard)		46.9		49.3		44.6		36.8		28.4		19.9		11.5														n/s/w (Menard)		2.92E+11		3.06E+11		3.03E+11		2.93E+11		2.81E+11		2.68E+11		2.55E+11

		Eta_CD		0.22										P_net (Wong)		-0.5		-13.8		-31.3		-49.5		-67.3		-84.5		-100.9														n/s/W (Wong)		2.56E+11		2.49E+11		2.33E+11		2.16E+11		1.98E+11		1.82E+11		1.66E+11

		P_CD		68.3

		P_aux/P_CD		1.00																																						A		1.4		1.5		1.6		1.7		1.8		1.9		2

		P_aux		68.3																																						P_input (Menard)		229.9		199.8		184.6		175.3		169.3		165.0		162.1

		P_fusion		462.1																																						P_input (Wong)		246.7		229.8		223.6		222.3		223.6		226.6		230.9

		Q		6.761

		P_alpha_target		92.412

		fGW		0.95		((Beta_N*Ip*Bt)/(R0*e*2*mu0)*(1+alpha_N+alpha_T)/((1+alpha_N)*xnTotal*1.6e-16))

		xne		1.812E+20		((Beta_N*Ip*Bt)/(R0*e*2*mu0)/(xnTotal*1.6e-16))

		ane		20.11

		tau_p/tau_E		5.00		(xnDT+4*xnHe+Zimp^2*fimp*xne)/xne

		frad		0.490		4.8E-43*Zeff*xne^2*(1+alpha_N)^2*Temp0^0.5*(1+alpha_T)^0.5*(2*PI()^2*R0^3*e^2*kappa)/(1+2*alpha_N+(alpha_T/2))

		xnHe		4.785E+18		20

		Zimp		4		R0*e/nrdiv

		fimp		0.06		Rminor

		xnDT		1.282E+20		(B36-0.5)*dr

		xnTotal		3.250E+20		(B37-0.5)*dr

		Temp0		10.19		(B38-0.5)*dr

		Tempavg		8.64		(B39-0.5)*dr

		Eta_CD(<Te>)		0.22

		difcalc(Eta_CD)		-0.00

		Zeff		1.77		(B40-0.5)*dr

		P_Brem		45.253		(B41-0.5)*dr

		nrdiv		20		(B42-0.5)*dr

		dr		0.0833333333		(B43-0.5)*dr

				Rminor		(B44-0.5)*dr		Tikev		dens		dv		rdtcgs		exparg		svdt		power		sum

		1		0.0416666667		(B45-0.5)*dr		10.1915782996		1.56324910197394E+20		1.196		78162455098697		-36.7082795612		1.14234358297613E-16		0.3908239393		0.4672597337

		2		0.125		(B46-0.5)*dr		10.1803385989		1.56152508518997E+20		3.587		78076254259498.3		-36.7110361864		1.13919890616572E-16		0.3888888806		1.8620984059

		3		0.2083333333		(B47-0.5)*dr		10.1577262905		1.55805666550492E+20		5.978		77902833275246		-36.7165970441		1.13288156437168E-16		0.3850162347		4.1636793125

		4		0.2916666667		(B48-0.5)*dr		10.1234695035		1.55280214163391E+20		8.369		77640107081695.5		-36.725059936		1.12333456469953E-16		0.379200936		7.3372241598

		5		0.375		(B49-0.5)*dr		10.0771446744		1.54569654470842E+20		10.760		77284827235420.9		-36.7365783281		1.11046978978388E-16		0.371435369		11.3339371747

		6		0.4583333333		(B50-0.5)*dr		10.018155805		1.53664845671618E+20		13.151		76832422835809		-36.7513703493		1.09416458787406E-16		0.361709353		16.0908985305

		7		0.5416666667		(B51-0.5)*dr		9.9457033822		1.52553524328387E+20		15.542		76276762164193.3		-36.7697324564		1.07425675467244E-16		0.3500101344		21.5309269807

		8		0.625		(B52-0.5)*dr		9.8587391752		1.51219612009418E+20		17.934		75609806004709		-36.7920596438		1.05053740141092E-16		0.3363223999		27.5624119765

		9		0.7083333333		(B53-0.5)*dr		9.7559007975		1.49642211563389E+20		20.325		74821105781694.6		-36.8188752903		1.02274091777473E-16		0.3206283376		34.0791164105

		10		0.7916666667		(B54-0.5)*dr		9.6354160253		1.47794139493408E+20		22.716		73897069746704.2		-36.8508758267		9.90530779332574E-17		0.3029077865		40.9599528979

		11		0.875		(B55-0.5)*dr		9.4949599957		1.45639735575718E+20		25.107		72819867787858.8		-36.8889991802		9.53479177345162E-17		0.2831385556		48.0687399743

		12		0.9583333333				9.3314356817		1.43131495640623E+20		27.498		71565747820311.4		-36.9345331593		9.11037087817346E-17		0.2612970531		55.2539513219

		13		1.0416666667		P_Brem/P_alpha		9.1406230372		1.40204689934975E+20		29.889		70102344967487.4		-36.9892945269		8.62488866170489E-17		0.2373594985		62.3484844954

		14		1.125		frad-C57		8.9165895891		1.36768322414481E+20		32.281		68384161207240.5		-37.0559412542		8.06880447302873E-17		0.211304267		69.1695030457

		15		1.2083333333		2*PI()^2*R0^3*e^2*kappa		8.6506347223		1.32688937508648E+20		34.672		66344468754324.2		-37.1385559339		7.42899544442307E-17		0.1831165345		75.5184654886

		16		1.2916666667		3/4/mu0*0.000001*((Beta_N*Ip*Bt)/R0/e)*vol		8.3292322535		1.27759062018281E+20		37.063		63879531009140.4		-37.2438393628		6.68661132989042E-17		0.1527979561		81.1815942733

		17		1.375		0.0562*Ip^0.93*R0^1.97*e^0.58*Bt^0.15*kappa*0.78*ane^0.41*2.5^0.19/(P_alpha*(1+5/Q-frad))^0.69		7.9295288112		1.21628156393048E+20		39.454		60814078196524.1		-37.3838763796		5.8128454494937E-17		0.1203885156		85.9314038505

		18		1.4583333333				7.4076706024		1.13623563264663E+20		41.845		56811781632331.5		-37.5838352247		4.75935119886634E-17		0.0860226066		89.5310336793

		19		1.5416666667		Tau_e*HH		6.6586995441		1.0213536879795E+20		44.236		51067684398975.2		-37.9110769754		3.43106121506921E-17		0.0501082026		91.7476358208

		20		1.625		Hcordy*P_alpha*(1+5/Q-frad)/Wtot*Tau_e		5.2586315592		8.06602355490246E+19		46.627		40330117774512.3		-38.6967896445		1.56385970651485E-17		0.0142444209		92.4118170597

		P_alpha		92.412

		difcalc(P_alpha)		0.000

		fradcalc		0.490

		difcalc (frad)		-1.207E-10

		vol		478.23

		Wtot		322.15

		Tau_E		1.743

		HH		1.600		P_alpha*5/Q

		Tau_E*HH		2.789		(0.525+0.5*alpha_N)*SQRT(e)*Beta_P

		eo2		0.3333333333		(xne*R0*Ip*(1-fBS))/1e20/Eta_CD

		e1		1.2530761675		P_CD/P_aux

		e2		0.0812200127		P_aux*Q

		e3		0.9345621283		Wtot/C63

		e4		0.7442094032

		e5		0.05

		Eta_neo		6.04E-03

		P_loss		115.5

		Tau_J		128.4

		a1		0.807360219

		a2		0.554180534

		a3		1.661399177

		a4		0.1533333333

		ls		0.11872607

		m		0.2359052245

		Li		0.1

		Lext		0.008

		FluxFactor		0.023

		T_flat		5

		C_ejima		0.25

		Psi_OH (axial)		25.65

		Psi_OH (Poynting)		27.55

		Xnwall		1.50

		P_LtoH		8.55

		phi_CS		0.552

		theta_CS		1.169

		f_CS		0.081

		f_surface		0.9

		fN		0.827						0.081		3.000		3.200		3.400		3.600		3.800		4.000

		Nu_conversion		0.35						1.300		0.053		0.053		0.054		0.054		0.055		0.055

		BEM		1.20						1.400		0.066		0.067		0.068		0.069		0.069		0.070

		Gen Elec?		Yes						1.500		0.079		0.080		0.081		0.081		0.082		0.082

		P_elec gen		155.77						1.600		0.090		0.091		0.092		0.093		0.094		0.094

		P_bop		15.6						1.700		0.100		0.102		0.103		0.103		0.104		0.105

		Nu_Paux		0.45						1.800		0.110		0.111		0.112		0.113		0.114		0.115

		P_aux_input		151.9						1.900		0.118		0.120		0.121		0.122		0.123		0.124

		∑P_elec input		251.2						2.000		0.126		0.128		0.129		0.130		0.131		0.132

		P_net elec		-95.4						2.100		0.134		0.135		0.137		0.138		0.139		0.140

		Q_elec		0.6						2.200		0.141		0.143		0.144		0.145		0.146		0.147

		N_flux		1.70E+20						2.300		0.147		0.149		0.151		0.152		0.153		0.154

		n/s/W		6.75E+11						2.400		0.153		0.155		0.157		0.158		0.159		0.161
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										2.800		0.175		0.177		0.179		0.180		0.181		0.183

										2.900		0.179		0.181		0.183		0.185		0.186		0.187
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		0.6		0.894427191		0.894427191		0.5711263078

		0.7		0.8450697266		0.8450697266		0.6511263078

		0.8		0.7745966692		0.7745966692		0.7225405921

		0.9		0.6602195804		0.6602195804		0.7825405921

		1		0.0001220703		0.0001220703		0.8261295816

		peaking factor		1.21

		WONG///

		A		1.20		1.40		1.60		1.80		2.00

		e		0.83		0.71		0.63		0.56		0.50

		kappa(A)		3.37		3.04		2.80		2.61		2.46

		Beta_N(A)		9.1%		8.0%		7.2%		6.6%		6.2%

		I/aB		10.7		7.2		5.2		4.0		3.1

		Beta_T		97.1%		57.8%		37.7%		26.3%		19.3%

		Beta_P		130.9%		142.6%		153.5%		163.6%		173.2%

		Cbs		0.84		0.83		0.83		0.82		0.82
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		qcyl (A)		2.41		2.54		2.65		2.74		2.81

		MENARD///

		kappa(A)		3.93		3.61		3.38		3.20		3.06

		Beta_N(A)		8.7%		8.7%		8.3%		7.8%		7.4%

		Beta_T(A)		87.5%		73.3%		59.4%		47.8%		38.7%

		Beta_P		179.6%		182.8%		181.1%		181.0%		183.7%

		I/aB		10.01		8.39		7.14		6.10		5.22

		Cbs		0.85		0.84		0.84		0.83		0.83

		Kbs		1.47		1.38		1.27		1.19		1.14

		Kbs(A)		1.48		1.37		1.27		1.20		1.14

		fbs		99.0%		99.0%		99.0%		99.0%		99.0%

		qcyl		3.42		2.99		2.72		2.57		2.48

		qcyl (A)		3.42		2.99		2.72		2.57		2.48

		q*(A)		3.54		2.94		2.72		2.63		2.58

		A		1.2		1.4		1.6		1.8		2

		kappa(A) - Wong		3.37		3.04		2.80		2.61		2.46

		kappa(A) - Menard		3.93		3.61		3.38		3.20		3.06

		A		1.2		1.4		1.6		1.8		2

		qcyl(A) - Wong		2.41		2.54		2.65		2.74		2.81

		qcyl(A) - Menard		3.42		2.99		2.72		2.57		2.48
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Beta_N

		0		1		1		0

		0.1		0.9975406968		0.9975406968		0.1

		0.2		0.9900484589		0.9900484589		0.1995087442

		0.3		0.9771587856		0.9771587856		0.2975283393

		0.4		0.9581829199		0.9581829199		0.3930122685

		0.5		0.931944414		0.931944414		0.4848237193

		0.6		0.8964252761		0.8964252761		0.5716757584

		0.7		0.8479196368		0.8479196368		0.6520335859

		0.8		0.778563631		0.778563631		0.723930357

		0.9		0.6657246411		0.6657246411		0.7845464897

		1		0.0001461766		0.0001461766		0.8288654195

		peaking factor		1.2064684766

		Beta_N		6.8971354178





TF_outer

		Rho_outer		3.70E-08		Ω-m

		J_vert		1.00E+06		A/m^2

		A_vert		28.6		m^2

		R_vert		6.3		m

		Z_vert		3.8		m

		Thk_vert		7.28E-01		m

		Res_vert		9.90E-09		Ω

		J_horizon		1.50E+06		A/m^2

		A_horizon		19.1		m^2

		R_horizon		3.8		m

		R_horizon_avg		2.70E+00		m

		J_angled		1.25E+06		A/m^2

		A_angled		22.9		m^2

		Thk_horizon		1.12E+00		m

		Res_horizon		1.40E-08		Ω

		R_angled_avg		5.00E+00		m

		Thk_angled		7.28E-01		m

		Theta		1.01E+00		rad

				5.80E+01		deg

		Res_angled		1.56E-08		Ω

		∑R_outer		3.95E-08		Ω

		P_tf_outer		32.2		MW

		P_tf_outer/P_tf_inner		53.7%





Shape

		dTheta		10

		R0		2.500

		A		2.000

		a		1.250

		k		3.060

		d		0.600

		Theta		R		Z

		0		4.5		0

		0.1745329252		4.4228157643		1.0626209219

		0.3490658504		4.2005614105		2.0929546449

		0.5235987756		3.8591711308		3.059695

		0.6981317008		3.435939518		3.9334680708

		0.872664626		2.97250049		4.6877247048

		1.0471975512		2.5079670456		5.2995471957

		1.2217304764		2.073794188		5.7503456267

		1.3962634016		1.6911469025		6.0264227157

		1.5707963268		1.3707150532		6.11939

		1.745329252		1.1143236583		6.0264227157

		1.9198621772		0.9174621584		5.7503456267

		2.0943951024		0.7719464578		5.2995471957

		2.2689280276		0.6681887334		4.6877247048

		2.4434609528		0.5968389785		3.9334680708

		2.617993878		0.5497884558		3.059695

		2.7925268032		0.5206582437		2.0929546449

		2.9670597284		0.5049462408		1.0626209219

		3.1415926536		0.5		0

		3.3161255788		0.5049462408		-1.0626209219

		3.490658504		0.5206582437		-2.0929546449

		3.6651914292		0.5497884558		-3.059695

		3.8397243544		0.5968389785		-3.9334680708

		4.0142572796		0.6681887334		-4.6877247048

		4.1887902048		0.7719464578		-5.2995471957

		4.36332313		0.9174621584		-5.7503456267

		4.5378560552		1.1143236583		-6.0264227157

		4.7123889804		1.3707150532		-6.11939

		4.8869219056		1.6911469025		-6.0264227157

		5.0614548308		2.073794188		-5.7503456267

		5.235987756		2.5079670456		-5.2995471957

		5.4105206812		2.97250049		-4.6877247048

		5.5850536064		3.435939518		-3.9334680708

		5.7595865316		3.8591711308		-3.059695

		5.9341194568		4.2005614105		-2.0929546449

		6.108652382		4.4228157643		-1.0626209219

		6.2831853072		4.5		-0





TF_inductance

		rinner1		0.001		m

		rinner2		3.75		m

		router1		6.25		m

		router2		6.98E+00		m

		half height		7.82461875		m

		height		15.6492375		m

		outer half height		3.82461875		m

		slope		-1.3966710132

		mid outer leg		6.6139529011		m

		Flux		0.0000044302		weber/amp-turn

		Coils		1

		Turns		1

		Inductance		4.4E-06		H

		W_tf		1809.9		MJ

		dr		0.139558116

		R		Z/2		Z		Ifraction		B'		∑B'*A

		0.001		7.82461875		15.6492375		0		0		0

		0.140558116		7.82461875		15.6492375		0.0372254244		0.000000053		0

		0.2801162321		7.82461875		15.6492375		0.0744508488		0.0000000532		0.0000001157

		0.4196743481		7.82461875		15.6492375		0.1116762732		0.0000000532		0.0000002318

		0.5592324642		7.82461875		15.6492375		0.1489016976		0.0000000533		0.000000348

		0.6987905802		7.82461875		15.6492375		0.186127122		0.0000000533		0.0000004643

		0.8383486963		7.82461875		15.6492375		0.2233525463		0.0000000533		0.0000005807

		0.9779068123		7.82461875		15.6492375		0.2605779707		0.0000000533		0.000000697

		1.1174649283		7.82461875		15.6492375		0.2978033951		0.0000000533		0.0000008134

		1.2570230444		7.82461875		15.6492375		0.3350288195		0.0000000533		0.0000009298

		1.3965811604		7.82461875		15.6492375		0.3722542439		0.0000000533		0.0000010462

		1.5361392765		7.82461875		15.6492375		0.4094796683		0.0000000533		0.0000011627

		1.6756973925		7.82461875		15.6492375		0.4467050927		0.0000000533		0.0000012791

		1.8152555085		7.82461875		15.6492375		0.4839305171		0.0000000533		0.0000013955

		1.9548136246		7.82461875		15.6492375		0.5211559415		0.0000000533		0.000001512

		2.0943717406		7.82461875		15.6492375		0.5583813659		0.0000000533		0.0000016284

		2.2339298567		7.82461875		15.6492375		0.5956067903		0.0000000533		0.0000017449

		2.3734879727		7.82461875		15.6492375		0.6328322146		0.0000000533		0.0000018613

		2.5130460888		7.82461875		15.6492375		0.670057639		0.0000000533		0.0000019778

		2.6526042048		7.82461875		15.6492375		0.7072830634		0.0000000533		0.0000020943

		2.7921623208		7.82461875		15.6492375		0.7445084878		0.0000000533		0.0000022107

		2.9317204369		7.82461875		15.6492375		0.7817339122		0.0000000533		0.0000023272

		3.0712785529		7.82461875		15.6492375		0.8189593366		0.0000000533		0.0000024437

		3.210836669		7.82461875		15.6492375		0.856184761		0.0000000533		0.0000025601

		3.350394785		7.82461875		15.6492375		0.8934101854		0.0000000533		0.0000026766

		3.4899529011		7.82461875		15.6492375		0.9306356098		0.0000000533		0.0000027931

		3.6295110171		7.82461875		15.6492375		0.9678610342		0.0000000533		0.0000029096

		3.7690691331		7.7979854445		15.595970889		1		0.0000000531		0.000003026

		3.9086272492		7.6030686692		15.2061373383		1		0.0000000512		0.0000031415

		4.0481853652		7.4081518938		14.8163037877		1		0.0000000494		0.0000032501

		4.1877434813		7.2132351185		14.426470237		1		0.0000000478		0.0000033523

		4.3273015973		7.0183183432		14.0366366864		1		0.0000000462		0.0000034484

		4.4668597133		6.8234015679		13.6468031357		1		0.0000000448		0.000003539

		4.6064178294		6.6284847925		13.256969585		1		0.0000000434		0.0000036243

		4.7459759454		6.4335680172		12.8671360344		1		0.0000000421		0.0000037046

		4.8855340615		6.2386512419		12.4773024837		1		0.0000000409		0.0000037803

		5.0250921775		6.0437344665		12.0874689331		1		0.0000000398		0.0000038515

		5.1646502936		5.8488176912		11.6976353824		1		0.0000000387		0.0000039187

		5.3042084096		5.6539009159		11.3078018318		1		0.0000000377		0.0000039819

		5.4437665256		5.4589841405		10.9179682811		1		0.0000000367		0.0000040414

		5.5833246417		5.2640673652		10.5281347304		1		0.0000000358		0.0000040974

		5.7228827577		5.0691505899		10.1383011798		1		0.0000000349		0.00000415

		5.8624408738		4.8742338146		9.7484676291		1		0.0000000341		0.0000041995

		6.0019989898		4.6793170392		9.3586340785		1		0.0000000333		0.0000042459

		6.1415571059		4.4844002639		8.9688005278		1		0.0000000326		0.0000042894

		6.2811152219		4.2894834886		8.5789669771		0.9572537795		0.0000000305		0.0000043302

		6.4206733379		4.0945667132		8.1891334265		0.7655282628		0.0000000238		0.0000043666

		6.560231454		3.8996499379		7.7992998758		0.5738027461		0.0000000175		0.0000043939

		6.69978957		3.7047331626		7.4094663252		0.3820772293		0.0000000114		0.0000044129

		6.8393476861		3.5098163873		7.0196327745		0.1903517126		0.0000000056		0.0000044247

		6.9789058021		3.3148996119		6.6297992239		-0.0013738041		-0		0.0000044302

		6.9779058021		0		0		0		0		0.0000044302
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Base

		mu0		1.257E-06		4*PI()*0.0000001

		R0		2.500						2.500				R0		2.500		2.500		2.500		2.500		2.500		2.500		2.500		2.500

		A		2.000						2.000				A		1.300		1.400		1.500		1.600		1.700		1.800		1.900		2.000

		e		0.50		1/A				3.060				kappa		3.757		3.612		3.489		3.382		3.288		3.204		3.128		3.060

		kappa(A)		3.06						0.600				delta		0.600		0.600		0.600		0.600		0.600		0.600		0.600		0.600

		kappa		3.06						6.493				qMHD		27.147		17.497		12.951		10.425		8.859		7.807		7.056		6.493

		delta		0.60		(1+kappa^2*(1+2*delta^2-1.2*delta^3))/(1-e^2)^2				2.58				qcyl		3.16		2.94		2.80		2.72		2.66		2.63		2.60		2.58

		qcyl(A)		2.58		(1+kappa^2)				100.0%				qcyl/qcyl(A)		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%

		qcyl		2.58						2.287				Bt		1.331		1.414		1.524		1.654		1.799		1.955		2.119		2.287

		sMHD		26.1		qMHD*s/sMHD				6.88E+06				Javgtf		2.33E+07		1.49E+07		1.13E+07		9.38E+06		8.29E+06		7.61E+06		7.17E+06		6.88E+06

		s		10.4						1809.9				W_tf		857.3		905.0		990.8		1108.0		1252.2		1419.1		1606.1		1809.9

		qMHD		6.493		PI()*R0*e^2*Bt*s/qcyl/mu0/1e6				14.358				Ip		23.521		21.553		19.890		18.468		17.238		16.163		15.210		14.358

		Javgtf		6.880E+06						6.66%				Beta_N		8.22%		8.19%		8.02%		7.77%		7.49%		7.20%		6.92%		6.66%

		∆Rfw		0.100		Ip*Beta_N/R0/e/Bt				89.9%				Beta_N/Beta_N(A)		93.0%		93.8%		93.9%		93.5%		92.8%		91.9%		90.9%		89.9%

		∆Rtf		1.150						33.4%				Beta_T		75.5%		69.9%		62.8%		55.6%		48.8%		42.9%		37.8%		33.4%

		fH20		0.150		Beta_N*(mu0*1000000)*10*e*R0*Bt*s/Ip				171.6%				Beta_P		169.0%		168.6%		168.7%		169.1%		169.7%		170.3%		171.0%		171.6%

		Bt(J)		2.287						2.43E+20				xne		1.74E+20		1.85E+20		1.95E+20		2.06E+20		2.16E+20		2.27E+20		2.35E+20		2.43E+20

		Bt		2.287						93.4%				fGW		95.0%		95.0%		95.0%		95.0%		95.0%		95.0%		94.3%		93.4%

		Itf		2.86E+07						0.245				alpha_n(A)		0.205		0.213		0.220		0.226		0.232		0.237		0.241		0.245

		∆Ztf middle		6.884		fGW*Ip/(PI()*R0^2*e^2*(1+0.5*alpha_N))*1e20				0.245				alpha_T(A)		0.205		0.213		0.220		0.226		0.232		0.237		0.241		0.245

		∆Ztf end		4.382						93.1%				fBS		91.8%		91.4%		91.5%		91.8%		92.2%		92.6%		92.9%		93.1%

		Rend/Rmiddle		1.435		0.5*(2+alpha_N)*xne/1e20				10.078				Tempavg		10.778		10.635		10.503		10.378		10.260		10.146		10.097		10.078

		Nu_TF		0.95						1.800				HH		1.800		1.800		1.800		1.800		1.800		1.800		1.800		1.800

		P_tf_inner		60.1						2.782				Tau_E*HH		3.749		3.490		3.303		3.164		3.057		2.971		2.877		2.782

		P_tf_outer		32.2						22.925				Q		29.175		26.123		24.546		23.732		23.334		23.148		23.040		22.925

		∑P_tf		97.2		1.5*tpote*(Beta_N*Ip*Bt/(R0*e*2*mu0))/(3.52*1.6e-16*(1+(5/Q)-frad))				45.3				P_Brem		68.3		63.3		59.3		55.9		53.1		50.7		48.0		45.3

		Ip		14.358						24.0				P_aux		31.4		32.0		31.4		30.1		28.5		26.8		25.3		24.0

		(Rpf-R0)/a		4.00E+00						549.3				P_fusion		914.7		836.4		770.1		713.3		664.1		621.0		583.0		549.3

		Rpf		6.75E+00						109.9				P_alpha		182.9		167.3		154.0		142.7		132.8		124.2		116.6		109.9

		Ipf/Ip		5.00E-01						0.25				Eta_CD		0.27		0.27		0.26		0.26		0.26		0.25		0.25		0.25

		Ipf		7.18E+06						24.0				P_CD		31.4		32.0		31.4		30.1		28.5		26.8		25.3		24.0

		Jpf		1.00E+07						100.0%				P_CD/P_aux		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%

		Apf		7.18E-01						53.2				P_aux_input		69.7		71.1		69.7		66.8		63.2		59.6		56.2		53.2

		P_pf		123.5						97.2				∑P_tf		187.5		130.1		107.7		98.1		94.3		93.7		94.9		97.2

		P_pf		0.0						18.1				P_bop		32.7		29.4		26.8		24.5		22.5		20.9		19.4		18.1

		alpha_n(A)		0.25		xne*(1-Zimp*fimp)-2*xnHe				168.6				∑P_elec input		289.9		230.7		204.2		189.4		180.1		174.2		170.6		168.6

		alpha_T(A)		0.25						181.3				P_elec gen		326.9		294.5		267.5		244.8		225.4		208.7		194.1		181.3

		Beta_N(A)		7.40%						12.7				P_net elec		37.0		63.8		63.4		55.5		45.3		34.5		23.5		12.7

		Beta_N		6.66%						2.5				Xnwall		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5

		Beta_T		33.4%

		Beta_P		171.6%		xnDT*(((1+fimp)/(1-Zimp*fimp))+1)+xnHe*(2*((1+fimp)/(1-Zimp*fimp))+1)

		cbs		0.83										A		1.3		1.4		1.5		1.6		1.7		1.8		1.9		2.0

		pf		1.21						0.0000				P_net (Menard)		37.0		63.8		63.4		55.5		45.3		34.5		23.5		12.7

		kbs(A)		1.13562						-0.0000				P_net (Wong)		18.8		14.2		-4.1		-25.6		-47.5		-68.8		-89.4		-109.3

		fBS		93.1%

		Eta_CD		0.25

		P_CD		24.0

		P_aux/P_CD		1.00

		P_aux		24.0

		P_fusion		549.3

		Q		22.925

		P_alpha_target		109.855

		fGW		0.93		((Beta_N*Ip*Bt)/(R0*e*2*mu0)*(1+alpha_N+alpha_T)/((1+alpha_N)*xnTotal*1.6e-16))

		xne		2.434E+20		((Beta_N*Ip*Bt)/(R0*e*2*mu0)/(xnTotal*1.6e-16))

		ane		27.32

		tau_p/tau_E		5.00		(xnDT+4*xnHe+Zimp^2*fimp*xne)/xne

		frad		0.413		4.8E-43*Zeff*xne^2*(1+alpha_N)^2*Temp0^0.5*(1+alpha_T)^0.5*(2*PI()^2*R0^3*e^2*kappa)/(1+2*alpha_N+(alpha_T/2))

		xnHe		1.150E+19		20

		Zimp		4		R0*e/nrdiv

		fimp		0.06		Rminor

		xnDT		1.619E+20		(B36-0.5)*dr

		xnTotal		4.314E+20		(B37-0.5)*dr

		Temp0		12.06		(B38-0.5)*dr

		Tempavg		10.08		(B39-0.5)*dr

		Eta_CD(<Te>)		0.25

		difcalc(Eta_CD)		-0.00

		Zeff		1.81		(B40-0.5)*dr

		P_Brem		45.328		(B41-0.5)*dr

		nrdiv		20		(B42-0.5)*dr

		dr		0.0625		(B43-0.5)*dr

				Rminor		(B44-0.5)*dr		Tikev		dens		dv		rdtcgs		exparg		svdt		power		sum

		1		0.03125		(B45-0.5)*dr		12.0592278389		2.01596346564336E+20		0.590		100798173282168		-36.3102789648		1.7007724378703E-16		0.9676973674		0.5707520509

		2		0.09375		(B46-0.5)*dr		12.0444180461		2.01348768513594E+20		1.769		100674384256797		-36.3130237018		1.69611066542489E-16		0.9626760697		2.2741234552

		3		0.15625		(B47-0.5)*dr		12.0146289687		2.00850778986448E+20		2.949		100425389493224		-36.3185620878		1.68674291501138E-16		0.9526293795		5.083447891

		4		0.21875		(B48-0.5)*dr		11.9695140085		2.00096583837226E+20		4.129		100048291918613		-36.3269946387		1.67257917169233E-16		0.9375492016		8.9542416269

		5		0.28125		(B49-0.5)*dr		11.908533466		1.99077160807695E+20		5.308		99538580403847.6		-36.3384791678		1.65348026835231E-16		0.9174236447		13.8241451731

		6		0.34375		(B50-0.5)*dr		11.8309284945		1.97779824116356E+20		6.488		98889912058177.8		-36.3532401591		1.62925251316259E-16		0.8922373677		19.6128447935

		7		0.40625		(B51-0.5)*dr		11.7356821128		1.96187572702614E+20		7.667		98093786351306.9		-36.3715830132		1.59963979328213E-16		0.8619721277		26.2219778679

		8		0.46875		(B52-0.5)*dr		11.6214625739		1.9427814350515E+20		8.847		97139071752574.8		-36.3939151395		1.56431237175974E-16		0.8266076215		33.5350285882

		9		0.53125		(B53-0.5)*dr		11.4865415094		1.92022643066074E+20		10.027		96011321533036.9		-36.4207771496		1.52285115588212E-16		0.7861227764		41.4172244431

		10		0.59375		(B54-0.5)*dr		11.3286744555		1.893835502704E+20		11.206		94691775135199.8		-36.4528896072		1.47472551463704E-16		0.74049774		49.7154504624

		11		0.65625		(B55-0.5)*dr		11.1449229076		1.86311741591904E+20		12.386		93155870795952		-36.4912247855		1.41926155183194E-16		0.6897169904		58.2582091832

		12		0.71875				10.9313813994		1.82741928625696E+20		13.565		91370964312847.8		-36.5371205065		1.35559569007772E-16		0.6337742985		66.8556734693

		13		0.78125		P_Brem/P_alpha		10.6827424403		1.78585385070618E+20		14.745		89292692535309		-36.5924686052		1.28260463655624E-16		0.5726808625		75.2999140915

		14		0.84375		frad-C57		10.3915677843		1.73717764385684E+20		15.925		86858882192842		-36.6600442828		1.19879538299264E-16		0.5064791372		83.3654503162

		15		0.90625		2*PI()^2*R0^3*e^2*kappa		10.0469875011		1.67957351935618E+20		17.104		83978675967809		-36.7441229567		1.10212323300989E-16		0.4352674898		90.8104065651

		16		0.96875		3/4/mu0*0.000001*((Beta_N*Ip*Bt)/R0/e)*vol		9.632174396		1.61022844385235E+20		18.284		80511422192617.4		-36.8517456547		9.89669562505582E-17		0.3592470721		97.3788558687

		17		1.03125		0.0562*Ip^0.93*R0^1.97*e^0.58*Bt^0.15*kappa*0.78*ane^0.41*2.5^0.19/(P_alpha*(1+5/Q-frad))^0.69		9.1188431876		1.52441391445472E+20		19.464		76220695722735.9		-36.9956602509		8.57015938122415E-17		0.2788192424		102.8056657104

		18		1.09375				8.4530665371		1.4131147979986E+20		20.643		70655739899929.9		-37.2025387636		6.96855451968456E-17		0.1948164505		106.8272908961

		19		1.15625		Tau_e*HH		7.5069160982		1.25494507574283E+20		21.823		62747253787141.5		-37.5441887856		4.95183292191259E-17		0.1091800921		109.2099016707

		20		1.21875		Hcordy*P_alpha*(1+5/Q-frad)/Wtot*Tau_e		5.7715872355		9.64846933898821E+19		23.002		48242346694941.1		-38.37698156		2.1532213451553E-17		0.028062965		109.8554162901

		P_alpha		109.855

		difcalc(P_alpha)		0.000

		fradcalc		0.413

		difcalc (frad)		-1.334E-08

		vol		235.92

		Wtot		246.17

		Tau_E		1.546

		HH		1.800		P_alpha*5/Q

		Tau_E*HH		2.782		(0.525+0.5*alpha_N)*SQRT(e)*Beta_P

		eo2		0.25		(xne*R0*Ip*(1-fBS))/1e20/Eta_CD

		e1		1.2303160876		P_CD/P_aux

		e2		0.0759925817		P_aux*Q

		e3		0.942902938		Wtot/C63

		e4		0.6641921954

		e5		0.05

		Eta_neo		4.81E-03

		P_loss		88.5

		Tau_J		99.2

		a1		1.2272889159

		a2		0.5137683192

		a3		1.29859375

		a4		0.1325

		ls		0.2961641179

		m		0.4493031295

		Li		0.1

		Lext		0.044

		FluxFactor		0.018

		T_flat		5

		C_ejima		0.25

		Psi_OH (axial)		20.69

		Psi_OH (Poynting)		21.95

		Xnwall		2.50

		P_LtoH		12.01

		phi_CS		0.886

		theta_CS		1.120

		f_CS		0.127

		f_misc		0.1

		fN		0.786						0.127		3.000		3.200		3.400		3.600		3.800		4.000

		Nu_conversion		0.35						1.300		0.053		0.053		0.054		0.054		0.055		0.055

		BEM		1.20						1.400		0.066		0.067		0.068		0.069		0.069		0.070

		P_elec gen		181.28						1.500		0.079		0.080		0.081		0.081		0.082		0.082

		P_bop		18.1						1.600		0.090		0.091		0.092		0.093		0.094		0.094

		Nu_Paux		0.45						1.700		0.100		0.102		0.103		0.103		0.104		0.105

		P_aux_input		53.2						1.800		0.110		0.111		0.112		0.113		0.114		0.115

		∑P_elec input		168.6						1.900		0.118		0.120		0.121		0.122		0.123		0.124

		P_net elec		12.7						2.000		0.126		0.128		0.129		0.130		0.131		0.132

		Q_elec		1.1						2.100		0.134		0.135		0.137		0.138		0.139		0.140

		N_flux		1.95E+20						2.200		0.141		0.143		0.144		0.145		0.146		0.147

		n/s/W		1.16E+12						2.300		0.147		0.149		0.151		0.152		0.153		0.154

										2.400		0.153		0.155		0.157		0.158		0.159		0.161

										2.500		0.159		0.161		0.163		0.164		0.165		0.167

										2.600		0.165		0.167		0.168		0.170		0.171		0.172

										2.700		0.170		0.172		0.174		0.175		0.176		0.178

										2.800		0.175		0.177		0.179		0.180		0.181		0.183

										2.900		0.179		0.181		0.183		0.185		0.186		0.187

										3.000		0.184		0.186		0.188		0.189		0.191		0.192
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		0		1		1		0

		0.1		0.9974905699		0.9974905699		0.1

		0.2		0.9898464008		0.9898464008		0.1994987437

		0.3		0.9766981117		0.9766981117		0.2974783334

		0.4		0.9573479717		0.9573479717		0.3928722536

		0.5		0.9306048591		0.9306048591		0.4845237675

		0.6		0.894427191		0.894427191		0.5711263078

		0.7		0.8450697266		0.8450697266		0.6511263078

		0.8		0.7745966692		0.7745966692		0.7225405921

		0.9		0.6602195804		0.6602195804		0.7825405921

		1		0.0001220703		0.0001220703		0.8261295816

		peaking factor		1.21

		WONG///

		A		1.20		1.40		1.60		1.80		2.00

		e		0.83		0.71		0.63		0.56		0.50

		kappa(A)		3.37		3.04		2.80		2.61		2.46

		Beta_N(A)		9.1%		8.0%		7.2%		6.6%		6.2%

		I/aB		10.7		7.2		5.2		4.0		3.1

		Beta_T		97.1%		57.8%		37.7%		26.3%		19.3%

		Beta_P		130.9%		142.6%		153.5%		163.6%		173.2%

		Cbs		0.84		0.83		0.83		0.82		0.82

		Kbs		1.17		1.17		1.17		1.17		1.17

		fbs		90.0%		90.0%		90.0%		90.0%		90.0%

		qcyl		2.41		2.54		2.65		2.74		2.81

		qcyl (A)		2.41		2.54		2.65		2.74		2.81

		MENARD///

		kappa(A)		3.93		3.61		3.38		3.20		3.06

		Beta_N(A)		8.7%		8.7%		8.3%		7.8%		7.4%

		Beta_T(A)		87.5%		73.3%		59.4%		47.8%		38.7%

		Beta_P		179.6%		182.8%		181.1%		181.0%		183.7%

		I/aB		10.01		8.39		7.14		6.10		5.22

		Cbs		0.85		0.84		0.84		0.83		0.83

		Kbs		1.47		1.38		1.27		1.19		1.14

		Kbs(A)		1.48		1.37		1.27		1.20		1.14

		fbs		99.0%		99.0%		99.0%		99.0%		99.0%

		qcyl		3.42		2.99		2.72		2.57		2.48

		qcyl (A)		3.42		2.99		2.72		2.57		2.48

		qcyl(A) Menard		3.54		2.94		2.72		2.63		2.58

		A		1.2		1.4		1.6		1.8		2

		kappa(A) - Wong		3.37		3.04		2.80		2.61		2.46

		kappa(A) - Menard		3.93		3.61		3.38		3.20		3.06
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