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FY-85 MISSION II
FEDC PROGEAM PLAN

Objective

Identify the Features and
Characteristics of an Attractive Reactor
Relevant Device. Establish a Design

Concept Incorporating the Most Desirable
Features

Areas of Studg

* Systems Analysis/Sensitivity Studies
* Design Integration
¢ OCritical Issues

e Initernational Collaboration



OVERALL FY85 GOALS

¢ Develop Cost/ Performance Sensilivity to a
Wide Specirum of Goals,Assumptions,
Specifications, and Approaches

- Trade-off Studies; Upgraded TSC
- Point Designs

o Identify Concept Improvement Ideas
¢ Provide Basis for Focus in FY86



TFCX GUIDELINES

o Fixed Physics

s Fixed Engineering

¢ Fixed Cost Algorithms
» Fixed Configuration

SENSITIVITY STUDIES
K Vary Physics

s Vary Engineering

o Fixed Cost Algorithms

e Fixed Configuration




PHYSICS

TFCX Trades

Mirnov Scaling Many Scalings
Triangularity Can Vary
Flongation Can Vary
IGN Margin Can Vary
Safety Factor Can Vary
Pulse Length Can Vary

Beta Options
ENGINEERING
TFCX Trades

Maximum Field Vary
Aspeci Ralio Vary
Nuclear Heating Vary
Sep. Vacuum Ves., Two Options



VARIATIONS ARE MAN Y

Max. TF Fizld
Scaling @O PF ot oo, /181012)
Elongation
(calc) — '
ya T'“":g}f“'“” Aspest Ratio
Pulse Length (25,3.0,4.0,5.0)
(unspecifisd) :

lmu'tiod Margi.
(15)

Separate V. Vessel
(Yeas,No)

SENSITIVITY




The Capability To Generale Qutpui
Is Enormous

For One Scaling
3 Fields
4 Aspect Ratios
3 Nuclear Heal Rates
- 2 Vac. Vessel Options
72 Cases

For Four Scalings
288 Cases

In Future:
Multiple Scalings,Ignition Margin,
Elongation, Triangularity, Safety Factor,

Etce., Etc., Elc.
\ A 4
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GETTING READY

‘Systems Code Modificatlions*

« Physics Module
s Summary Routine

~ * Plot Routine

- MHD Fq. Code Addition
* Configuration Geometry Code
~ * COSMOS Executive Routine



PHYSICS MODEL

e Major Assumptions
Jons and Elect. Temps. are equal
Profiles:Temp=FParabolic; Dens.=Flat
Parabolic Press. profile =
Concentrate Flux Surfaces

- * IONS

Meo-clasgizal

Xz(1/C) X,

where: C,= 2-4, and
Neo-classica) AR L
¥ Ml (" & :;‘v,( )



CONFINEMENT SCALING

Scaling Global Conf. Time
O Alcator 5e-21 n-a*2
- 1 Old Schmidt
- 2 New Schmidt 0.39 a-ip
'3 TFCX Phys. |
| Xe
- 4 Neoclass.
- -5 Neo-Alcator 4.688 a/(nR2q)
. 6 Mirnov-H 0.961 a/Ip
- 7 Goldston-H (10397 nTa"*"* 71"A™)
' 8 Asdex-H 375 a’/Al
9 Perkins-H (611/C) BT I'A™

. 10 K-Golsdston-H (2679/C)&"d* T RB"I'Y
1l Pfeiffer-Waltz 5.95(d"7n"’Rzeff*™)



CONFINEMENT SCALING

- There are four combinations:

- INeo-Alcator Combined With:
2 Mirnov
- {3 Goldston

. 14 Perkins
- 15 Kaye-Goldston

C. Ranges From 2-4 For H-Mode



BETA OPTIONS IN TSC

* Tryon Limil Scaling
* TFCX Scaling
* User Input Value Used



Tokamalk Sgstems Code, Version 4

* Bela input or limiting value calculated
¢ Input igt,gition margin or calcrlate
¢« Additional transport scaling
Jon & Electron losses calculated
* Scalings include:
Neoclassical (1 &E)
Neoalcator (NC 1)
Mirnov (NC I)
Goldston (NC 1)
* Beta Calculation is per Tryon Limit
Beta= C (I/aB); here C=0.035
o Igniticn Margin is Ratio of Power/Losses
IGM:=:(Plalpha)tPlohmic))/(P(loss)+Plrad))
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‘«B401. sunmary dats

Systea code Input ftle: nig:.’

System cade autput files fun date: 81718788

MNAJOR BESIGN SPECS Méﬁ-zﬁ?ﬁzsgi : DIRECT CAPITAL COST (8) RADIAL BLE THX(Im) RADIR) -
fgnition scaling s.08 msajor radius (m) 4.16 facilities 163.67 device ¢l 5.008 0.808
fgnitior margin 1.68 ainor radiue im) 1.39 pf 111.1) bore 8.767 8,767
safety facter 2.48 plascs curat (ms) 18.18 L 129.69 oh sol 5. 058 1.217
tony ikov) 18.88 field on axfe (t) 4.34 magnet str 7.%3 gap 5.838 \(.247
elongstiona . 1.6 ¢f cal bmax it) 9.99 shield 37.56 becyl eyl 5,196 1.44)
triangularty 8.08 tf stored enargy (g)) .27 first walli/diniter 236.% (14 col{ 5.413 },0686
s eoff W 1.68 evargy conf time i 6.46 vacuus systemes 32,63 gap - trepiz §.836 1,992
TF bman 18.89 éle density {el9/8]) 15.76 rt 81.% vac vasse) S.508 ),.8%2
TF heat rate« (mii/cc) 1.80 beta (X} 4.98 cryo plant 1.66 gap 5.838 \.922
YF cond cd (a/cal) 3888.88 iaternal flun (ws) 31.66 heat transport 6.3 inhd shield F£.66% 2.691
aspect ratie - , .08 otart-up v-s reqd 97.48 tritium systen 27.88 gap 8.8068 2,68}
uyv shid thk {@) .08 burn tise is) 365.00 reactor ele equip 24.34 First wvall N.0580 2.78)
. fcrh power (mw) 15.72 piant ele equip .27 scrape off BS.878 2.271
p) ‘edge neu load (mw/w2) #.07 14¢€C 62.67 plases rad 1.2308 4.158
. : tuslon pover Iaw) 229.02 remcte maintensace 33.62
oh v=s supplied (ws) 21.23 Senean
of v=8 supplied (ws) RE.88
Tots) DCC 064.58
Q i
e R
Q
= o
..n:_
e Q
@ .
e a B
: ol “Bee_g IP (A}
° [
-]
o LY
o Ae o B0 (M
a A T Tl ~
o O, AR Sl o9 TBeeii 4 BETA ()
o
[~} (~]
‘; ¥ 1 1 d L] ) 1] 1\ L ] L]
0.0 1.0 a.0 3.0 1.0 5.0 6.0 0.0 1.0 2.0 1.0 4.0 5.0 $.0
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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 MDD Eq. Code
PROCEDURE

¢ Define PF Coil Locations
Based on Configuration Reqmnts.

e 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
oIn De-bug Stage




Configuration Geomett;ILCode

TFCX-NSC RO-4.084 - 10/16/84

<
@]

Z(M)
o
1

0.0 2.0 3.0 6.0 8.0 10.0 12.0




2.0

BILLION §

1.6}

1.2

0.8

CAPITOL COST VARIATION WITH TF PEAK FIELD
AND MACHINE MAJOR RADIUS

COST VS MAJOR RADIUS COST VS Bmax

2.0r

16y ASPECT RATIO
5.0

1.2 i \o\_
&'OT_.’-—‘
0.8y INSUF.

BORE SPACE

BILLION §

MAJOR RADIUS Bmax



RADIAL DIMENSION (M)

-

-t
&~ L (-] (=
- T —

s

e

MAJOR RADIUS AND MACHINE BORE
CHANGES DUE TO 5CALING AND ASPECT RATIO

SCALING:

TFCX
----- NEOALCATOR
ot MIRNOV

8t " 107 127




VOLT SECOND

VOLT SECOND PERFORMANCE BASED ON
ASPECT RATIO AND IGNITION SCALING

SCALING :
TFCX
————— NEOALCATOR
8T 107 121
130
TOTAL
AVAL | 8
16
VS -’14
REQD il
- 42
SUPLD
4 (! 3 } < 0
2 4 6

MAJOR RADIUS Ro (M)



CAPITOL COST ACCUMULATION
- (TFCX SCALING, imW/cc, INT. VV)

81
g‘.
‘ TOTAL COST
§ rr
Q
& PF
@ g- RF
3 _
d=
£ 21 :
VAC SYS
g-
g SHIELD
/ FH/LINITCR
@ REAC ELE
§ ::z,__/v%acmm HAIN
Q H"‘"’/—‘
R FACILITY
a Vi ——— O Y50
@ ¢ L] [ | |
0.6 1.0 2.0 3.0 1.0 8.0 6.0

10T

TOTAL COST

T

/°rr
7
:-// VAC SYS
SHIELD .
x_/ FW/LINITER
W?Eiﬁgﬁ"ﬂ\m
rncu.m
———8|50 ,
4.0 ';.‘0 1.0 i ] 6.0

127

\\\

TOTAL COST

Ff
RF

VWAC SYS

SHIELD

FH/ZLINITER

FACILIZY




100¢

20

COST REDUCTION ($M)

60}

TOTAL COST REDUCTION DUE TO
INCREASE IN TF HEAT RATE

FOR: AR 5.0 - 25
Bmax 12T - 8T

12T RANGE
TFCX NOMINAL S/C
1 i i ]
4 8 12 16 20

TF NUCLEAR HEAT RATE (mW/cc)



VACUUM SYSTEM COST WITH AND WITHOUT
INTERNAL VACUUM VESSEL
(TFCX SCALING, 10T)

INTERNAL
VAC VESSEL

TOTAL VACUUM SYS COST

300
COST WITH
INT. VV
“ 200+
&
oy | COST WITHOUT
g | INT. W
100 / 8
» Ro 3
rd —
7 — 6 o
P
,/ &
3 > 2 P

ASPECT RATIO
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. PF POSITION & TRIANGULARITY COST IMPACT

TFCX DEFINED PF LOCATION

O

NOTE: PF By,y WILL CHANGE, IMPACTING

D

]

0.3 TRIANG
919 TCC (M$)

148 PF
27 ELE
38 MA
1100 MAM

0.2 TRIANG

915 TCC
145 PF
28 ELE

1 TR

MACHINE SIZE AND COST.

UNCONSTRAINED PF LOCATION

Pl
WS me  Ime  we

pAL 1)
we  we  ymo

ziom
TS WMWE -NES  NIE IS WM We  -We

829 TCC
80 PF
19 ELE
32 MA
604 MAM

820 TCC
83 PF
18 ELE
28 MA
5S4t MAM

802 TCC
68 PF
16 ELE
18 MA

o 460 MAM



TFCX PERFORMANCE UNDER ALTERNATE SCALING ASSUMPTIONS

IGNITION SCALING | TFCX NEO-ALCATOR MIRNOV
IGNITION MARGIN 1.50 1.44 1.33
SAFETY FACTOR 2.40 2.40 2.40
TF Byax (1 10.0 10.0 10.0
TF HEAT RATE (mW/cc} 1.0 1.0 1.0
ASPECT RATIO 2.69 2,69 2,69
VV ALLOCATION (m) 0.16 0.16 0.16
VV SHIELD THICKNESS (m) 0.05 0.05 0.05
MAJOR RADIUS (m) 4.09 4,09 4,09
PLASMA CURRENT (MA) 11.21 10.17 10.17
FIELD ON AXIS (T) 3.72 3.72 3.72
ENERGY CONFINEMENT TIME (s) 6.65 3.31 3.06
BETA (%) 5.51 6.28 6.28
FUSION POWER (MW) 264 307 307

TOTAL DCC (M$) 919 932 936



" 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 Efforl 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.



