
DISCLAIMER

This report was prepared as as account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any wananty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclwxi, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily .constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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FY-85 MISSION II
FEDC PROGRAM PLAN

Objective

Identify the Features and
Characteristics of an Attractive Reactor
Relevant Device. Establish a Design
Concept Incorporating the Most Desirable
Features

Areas of Study

4 Systems Analysis/Sensitivity Studies

• Design Integration

• Critical Issues

4 International Collaboration



OVERALL FY8S GOALS

• Develop Cost/Performance Sensitivity to a
Wide Spectrum of Goalsf Assumptions,
Specifications, and Approaches

- Trade-off Studies; Upgraded TSC

- Point Designs

• Identify Concept Improvement Ideas

• Provide Basis for Focus in FY86



TFCX GUIDELINES

• Fixed Physics
9 Fixed Engineering
• Fixed Cost Algorithms
• Fixed Configuration

SENSITIVITY STUDIES

• Vary Physics
• Vary Engineering
• Fixed Cost Algorithms
• Fixed Configuration



PHYSICS

TFCX

Mirnov Scaling
Triangularity
Elongation
IGN Margin
Safety Factor
Pulse Length
Beta

Trades

Many Scalings
Can Vary
Can Vary
Can Vary
Can Vary
Can Vary
Options

TFCX

ENGINEERING

Trades
Maximum Field Vary
Aspect Ratio Vary
Nuclear Heating Vary
Sep. Vacuum Ves* Two Options



VARIATIONS ARE MANY

Scaling /12*\ Max. Tb Field
<*bur? / *' PFCoiiLoc -AMM»

Beta
icalcJ

Elongation ^

Ignition Mar git

Ratio

Nuclear Heating

Separate V. Ktssel

COST/PERFORMANCE
SENSITIVITY



The Capability To Generate Output
Is Enormous

For One Scaling
3 Fields
4 Aspect Ratios
3 Nuclear Heat Rates
2 Vac* Vessel Options
72 Cases

For Four Scalings
288 Cases

In Future:
Multiple Scalingsjgnition Margin,

Elongation, Triangularity, Safety Factor,
Etc*, Etc*, Etc*

SATURATION





GETTING READY
•Systems Code Modifications*

• Physics Module
• Summary Routine
• Plot Routine
• MHD Eq. Code Addition
• Configuration Geometry Code
• COSMOS Executive Routine



PHYSICS MODEL
Major Assumptions

Ions and Elect. Temps, are equal
Profiles:Temp=Parabolic; Dens.=Flat
Parabolic Press, profile =^

Concentrate Flux Surfaces

IONS

where: Qs 2-4, and



CONFINEMENT SCALING

Scaling
0 Alcator
1 Old Schmidt
2 New Schmidt
3 TFCX Phys.

Global Conf. Time
5e-21 n»am*2

0.39 alp

Xe
Neoclass.

5 Neo-Alcator
6 Mimov-H
7 Goldston-H
8 Asdex-H
9 Perkins-H
10 K-Golsdston-H (2679/Q)(d"ii*T'
11 Pfeifter-Waltz SSStiV d*tfketf*i

4.688 a/(nR2q)
0.961 a/Ip
<1039/q)(nTa*"
3.75 a/AI



CONFINEMENT SCALING

There are four combinations:
Neo-Alcator Combined With:
12 Mirnov
13 Goldston
14 Perkins
15 Kaye-Goldston

C« Ranges From 2-4 For H-Mode



BETA OPTIONS IN TSC

• Tryon Limit Scaling

• TFCX Scaling

• User Input Value Used



Tokamak Systems Code, Version 4

• Beta input or limiting value calculated
• Input ignition margin or calculate
• Additional transport scaling

Ion & Electron losses calculated
• Scaling* include:

Neoclassical (I&XS)
Neoalcator INC I)
Mirnov (NC I)
Goldston INC I)

• Beta Calculation is per Tryon Limit
Beta: C (I/aBi; here C:0M35

• Igniticn Margin is Ratio of Power/Losses
IGMzlPlalpha)*P(ohmic))/lPlloss»Plrad))
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gvaaary data

Syataa coda Input f l l a i aSfll
•yataa codo output f l l a i azgo7

MAJOR tESIfiN

Ignition acallng
Ignition aargln
•afoty factor
ton* ifcow)
alongatlon
triangularty
i off
TF laaM
TF koat rata. (aW/ccI
TF cond ed U/catl
aapact rat la :•
ww alild tna la) .

3.00
1.60
2.40
10.00
1.60
0.00
1.60
10.00
1.00
3.00
0.00

HAJIK) PAJtAMCTERS

aajor radlua la)
ainar radlua «a)
p'laafia curnt (aa)
field on an la It)
tf cat baaic It)
tf atorad anorgy (gi)
aaargy conf tlaa la)
*lo donalty Iol9/a3l
aota (XI
latorma) flux (wa)
otart-up w-a rood
burn tlaa (a)
Icrh powar law)
pl 'odgo nau load (aw/at)
fualon powar law)
oh w-a auppitod Iwa)
of w-a auppllod (wa)

4.16
1.39
10.10
4.34
9.99
7.77
6.46
10.76
4.94
31.66
97.40
366.00

16.72
0.S7

329.82
21.23
2E.0i

Run datoa 01 /10 / tS

DIRECT CAPITAL COST l g |

facliltloa
pf
tf
aagnat atr
ahlald
fIrat wall/llnltor
vacuua ayatoaa
rf
cryo plant
hoat transport
trltlua ayataa
roactor olo aqulp
pliant olo aqulp
I a C

163.67
III.II
129.69
7.63

37.66
36.90
132.63
• 1.96
1.66
6.39

27.10
24.34
1.27

62.67
roaeto aatntananco 33.62

Total DCC •64.60

RAOIAL ILg TNXfal RAt(a)

davICO c l
bora
oh aol
gap
bey) cy l
tf cell
9«P - trapIt
wac voaaol
gap
lnb« alilold
gap
f Irat wall
acrapo off
plaaaa rad

0.000
0.767
0.160
0.030
0.196
0.413
0.036
0.000
0.030
0.669
0.060
0.060
0.0/0
i.m

0.000
0.767
1.217
1.247
1.443
1.166
1.192
1.192
1.922
2.691
2.661
2.7*1
2.771
4.1W

RflDIflL DIMEN. PLflSMfi PflRRM
si

o
at

q

O BORE

0.0 |'.o 2.0 3.0 4.0 5.0 6.0

Q

• • * - — o IP (HflJ

, o »
^~—« A BETH IX)

0.0 1.0 2.0 3.0

m
4.0 5.0 6.0



FUSION PONER
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PF Module For TSC
•With Simplified MHD Eq. Code*

PURPOSE
This module calculates PF Coil Currents
Using a simplified version of MHO Eq. Code

PROCEDURE
• Define PF Coil Locations

Based on Configuration Reqmnts*
• Calculate Coil Currents with MHD Code

(Simplified Version in TSC)
• Determine PF Coil System

(Size, poweer supply requirements, etc)
• Calculate Cost of Coils and Power Supplies

APPLICATION
• Routine must be called every time PF Coil

Location is changed

STATUS
•In De-bug Stage



Configuration Geometru Code

TFCX-NSC RO4.084 10/16/84

0.0



CAPITOL COST VARIATION WITH TF PEAK FIELD
AND MACHINE MAJOR RADIUS

COST VS MAJOR RADIUS
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MAJOR RADIUS AND MACHINE BORE

CHANGES DUE TO SCALING AND ASPECT RATIO

SCALING:

10

Z 8
Q«
CO-
35" 6
i-
5 4
<
5 2
a:

8T

BORE

6

TFCX
NEOALCATOR
MIRNOV

10T

TFCX

AR
4

AR

BORE

6

12T

BORE



VOLT SECOND PERFORMANCE BASED ON
ASPECT RATIO AND IGNITION SCALING

SCALING:
TFCX

NEOALCATOR

8T 10T 12T

250r

200

§150
CO
K-100

60

TOTAL
AVAIL

4
AR

TOTAL
AVAIL TOTAL

AVAIL 8 o

4
AR



CAPITOL COST ACCUMULATION
(TFCX SCALING. imW/cc. INT. VV)
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TOTAL COST REDUCTION DUE TO

INCREASE IN TF HEAT RATE

FOR: AR 5.0 - 2.5
Bmax 12T - 8T

TFCX NOMINAL S/C

4 8 12 16

TF NUCLEAR HEAT RATE (mW/cc)

10T RANGE

12T RANGE

20



VACUUM SYSTEM COST WITH AND WITHOUT
INTERNAL VACUUM VESSEL

(TFCX SCALING. 10T)

INTERNAL
VAC VESSEL

300

** 200
O
13
I

100

TOTAL VACUUM SYS COST

COST WITH
INT. VV

COST WITHOUT
INT. VV
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. PF POSITION ft TRIANGUURITY COST IMPACT

TFCX DEFINED PF LOCATION

«

D D

D

0.3 TRIANG

919 TCC (N$)
149 PF
27 ELE
38 NA
1100 NAM

0.2 TRIANG

915 TCC
145 PF
28 ELE

0.1 TRIANG

NOTE: PF B ^ WILL CHANGE, IMPACTING
MACHINE SIZE AND COST.

UNCONSTRAINED PF LOCATION

A
E
M*

I

S
M*

I

I

829 TCC
D 90 PF

19 ELE
32 NA

„ 604 NAM

820 TCC
o 83 PF

18 ELE
28 NA

D 544 MAM

802 TCC
D 6 8 P F

16 ELE
18 MA

0 460 MAM



TFCX PERFORMANCE UNDER ALTERNATE SCALING ASSUMPTIONS

IGNITION SCALING
IGNITION MARGIN
SAFETY FACTOR
TF B ^ (T)
TF HEAT RATE (ffiW/cc)
ASPECT RATIO
VV ALLOCATION (m)
VV SHIELD THICKNESS (in)
MAJOR RADIUS (fll)

PLASMA CURRENT (MA)
FIELD ON AXIS (T)
ENERGY CONFINEMENT TIME (s)
BETA (X)
FUSION POWER (MW)
TOTAL DCC <M$)

TFCX
1.50

2.40

10.0

1.0

2.69

0.16

0.05

4.09

11.21

3.72

6.65

5.51

264

919

NEO-ALCATOR
1.44

2.40

10.0

1.0

2.69

0.16

0.05

4.09

10.17

3.72

3.31

6.28

307

932

MIRNOV
1.33

2.40

10.0

1.0

2.69

0.16

0.05

4.09

10.17

3.72

3.06

6.28

307

936



CONCLUSIONS

• Significant Capability Developed to do
Trade Studies; They Should Continue

• There are Many Knobs to Vary; Care Must
be Taken to Assure Self-consistency

• More Effort is Needed to Perform, Remaining
Trades and Fully Understand Implications

• The Major Cost Variations Observed to Date
are with Aspect Ratio and PF Coil Location*


