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STEADY-STATE1 AND TIME-DEPENDENT ANALYSES

'Steady-state 1 contours generated by slow time evolution
of 1-1/2-D WHIST transport code and 0-D global m o d e l .

• IGNITOR-A, PPPL 0424, LITE, and "MX".

• Sensitivity to Xe (onm|C & a u x i l i a r y ) .

Time-dependent simulation of 'flat-top':

• Time-to-ignition.

• Auxiliary power requirements.

Full startup analysis:

• TF compression with current and density ramps.

• Volt-second consumption.
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Steady-state (equilibrium) : aw / a t = 0

pa + P Q H + paux pcon + prad plosses

There are two possibilities

G/8S

paux ploss"P0H"pa

max

aux

paux * pmax is required

for ignition
Ohmic ignition
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Plasma parameter operating space is constrained by:

• Confinement (ion & electron transport, impurities).
• MHD effects (|3 limit, cty, etc).
• Density Iimit (Murakami limit).
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Example 1 (o-D 4 i-'/z
Plasma performance contours for devices with

aBo/q« = 20

under different scaling assumptions.

Optimal path, PQUX, and Max. ignition margins are given,
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Steady-state auxiliary power contours for devices with

aBe
2/q. = 20

(a representative case for PPPL-ISP/MIT-LITE)

Confinement model: T£ =

q(0) =

^Global
TNeoaIcator
0.8

ORNL-OWG 85-2924 FED

Paux*O (EQUILIBRIUM)

T E = TSLOBAL: TNEO*LCATOR

2 4 6 8 10 \Z 14 16

<T>, AVERAGE TEMPERATURE (keV)

Optimal path

PaiK(equilibrium) :

Max. Ign. Margin :

n = "murakami
-8.5 MW
-1.5
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Steady-state auxiliary power contours for devices with

aBo
2/q« - 20

(a representative case for PPPL-ISP/MIT-LITE)

Confinement model:

q(0) =

*Neoalcator
lxXChang-Hinton
0.8 a
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Steady-state auxiliary power contours for devices with

aB*/q» = 20

(a representative case for PPPL-ISP/MIT-LITE)

Confi nement model:
^e = NeoaIcator
X, =

q(0) = 0.8
-Hi nton

ORNL-OWG 85-2919 FED
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Steady-state auxiliary power contours for devices with

aB?/q. = 20

(a representative case for PPPL-ISP/MIT-LITE)
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14-mode operation or some, plasma-

a
Conditions and. potoer recto
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- NORMALIZED OENSITY
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Example 2 (o-b £ \-Vz-
Plasma performance contours for devices with

O B Q A U = 32

under different scaling assumptions.

Optimal path, PQUX; and max. ignition margin are given.
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Steady-state auxiliary power contours for devices with

aB?/q.= 32

(a representative case for IGNITOR-A/BCX2)

Confinement model: = TGlobal
= TNeoalcator
= 0.8
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Steady-state auxiliary power contours for devices with

aBo
2/q» = 32

(a representative case for IGNITOR-A/BCX2)

Confinement model: Xe = ^NeOalcator
Xj = lxXchann-Hinton

q(0) = 0.8 *

ORNL-DWG 85-2917 FED
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Steady-state auxiliary power contours for devices with

V . = 32

(a representative case for IGNITOR-A/BCX2)
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Steady-state auxiliary power contours for devices with

aBe
2/q« = 32

(a representative case for I6NIT0R-A/BCX2)

Conf'nemert+ model •• KteooAc«.W I

W
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OHHIC IGNITOR-A SIMULATIONS WITH BALDUR

Tj(p,t) (keV)

8 .
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STARTUP ANALYSIS

Advantages of simultaneous B^, I A , and density ramps:

• Avoid skin current problems with fast ramp.

• Maintain constant q^(a , t ) .

• Overcome sawtooth activity.

• Ma inta in n < n^.

• Modest compressions I heating and fueling (not
included in simulations.

• Increase 'flat-top1 time relative to startup time
(at the expense of TF and PF power supplies) when
temperature rise in coils is limiting factor in
pulse.

e>cr>
I (MA)

10

8

r

4-

5.

0

• /

' STAeTOP

B, I

0

= 3 Seconds)



P C

-SCALING tO«jo-Ptlector ('X-e.

ELECTRON DENSITY

0.0 2.5 5.0 7.5
TIME ( SEC)

10.0 0.0 2.5 5.0 7.5 10.0
TIME ( SEC)

§ TOROIDRL BETR o VOLT-SECONDS

0.0 2.5 5.0 7.5
TIME ( SEC)

10.0 0.0 2.5 5.0 7.5
TIME ( SEC)

10.0



lo/85

3 -SEC 1 0 - M A STASLTOP

SCAUNiG, — _

2 RLPHR THERM TIME FflST RLPHR DENSITY
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IGNITOR-A, 3-SEC 10-MA STARTUP
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IGNITOR-A, DELAYED 1O-MA STARTUP
IFT CH
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IGNITOR-A, DELAYED IO-U STARTUP
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IGNITOR-A, OELAYEO 1O-NA STARTUP
CH
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VOLT-SECOND CONSUMPTION

For a 3 s rise and 2.5 s 'flat-top1:

Internal
External
Breakdown
Resistive
Bv in core
Totals

IGNITOR-A
8.5
10.0
0.5-?
3.3-4.9
•

23.3-24.6+

PPPL-0424/LITE
10.0
15.5
0.5-?
2.0-3.4
•

28.0-29.4+
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