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Study on Plasma Ignition of JAERI Experimental Fusion Reactor
L. % %% -
Koichi MAKT , Harumi YAMATO and Tatsuzo TONE
Division of Thermonuclear Fusion Research, Tokai, JAERI
( Received December 20, 1976 )

Heating the plasma in JAERI Experimental Fusion Reactor up to the
equilibrium operating state has been studied with a time dependent zero-
dimensional model. The neoclassical or pseudoclassical scaling-law plays
a leading part of the plasma diffusion in the low temperature region below
several keV and the trapped-ion scaling-law does so in the higher region.
The plasma temperature is raised to 1 keV by 10 sec Joule-heating. The
plasma is heated up to the equilibrium operating state of plasma tempéra-
ture 7 keV and electron density 1.1 x 10°° m=3 by 10 sec neutral beam in-
Jjection heating with injection power 28 MW and fueling rate 3‘X 10'°
-35-1

m

* On leave from Atomic Energy Research Laboratory, Hitachi Ltd., Kawasaki

*% (On leave from Research and Development Center, Tokyo Shibaura Electric
Co., Ltd., Kawasaki
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Table 1.1 Main design parameters of the JAERI Experimental
Fusion Reactor (JXFR)(10)

Fusion power (MW) 100
Reactor dimensions
Major radius (m) 6.75
Plasma radius {(m) 1.5
First wall radius (m) 1.75
Plasma volume (m3) 300
Plasma

Mean temperature (keV) 7
Mean density (lOlucm‘3) 1.
Effective charge 1
Confinement time (s)

Trapped-ion 2.9

Neo-Bohm 2.3

Pseudoclassical 5.7
Injection power (MW) 27

(D-particle with 200keV)
Toroidal field (T) 6
Safety factor 2.5
Poloidal beta 2,2
Toroidal beta 0.0
Plasma current (MA) 4

Reactor Structure

Reactor module/Reactor 8
Blanket cells/Reactor module 284
Injection and evacuation

hole/Reactor module 1
Nominal max.lst wall temp(°C)540

Materials
Structural material 31655
Blanket fertile material Li,0
Neutronics

Neutron current at

1st wall {n cm—2s~1) 7.6x1012
Neutron wall loading

(MW m=?) 0.17
First wall displacement

damage rate (dpa y™1) 0.9

Max. helium production

rate in 1lst wall (appm y~1) 12
Max. hydrogen production

rate in lst wall (appm y~1) 36

Tritium breeding ratio 0.92
Nuclear heating per
DT neutron (MeV n-1) 16.7

Total induced activity at
one hour after shutdown (Ci)

(after one year operation) 7.5%107

SCM irradiation effects
Max. copper displacement
(dpa y=1)

Max. nuclear heating
rate (W cm~3) '
Total nuclear heating
in SCM (kW)

Toroidal field magnet
Number of coils

Inner diameter, W/H(m)
Max. field strength (T)
Stored energy {GJ)

Vertical field magnet
Magnetomotive force (MAT)
Field intensity (T)

at plasma center
Stored energy (GJ)

Primary winding
Magnetomotive force (MAT)
Maximum field intensity (T)
Stored energy (GJ)

Flux change (Wb)

Neutral beam injector
Deuterium beam energy (keV)
ITon beam output (MW)
Injection power (MW)
Neutral beam gas efficiency

(Tp/Te)
Total power efficiency

Cooling system
Coolant (10 kg/cmz)
Inlet/Outlet temp. (°C)
Flow rate (kg/s)
Secondary system

Tritium inventory
Fuel recirculating system
(kg)
Tritium recovery system
including blanket (kg)
Total inventory
including storage (kg)

Operation cycle

Operation period(s)
Burn time(s)

1.5%x107°
7.8x107°

0.98

16

7/11
11.5
50

0.5

60

2.1
140

200
240
33

He
300/500
143

He, air-
cooled

0.3
0.1

0.5

420
300
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Table 3.1 Initial conditions for Joule-heating

Ion temperature (keV) 0,01
Electron density(lOlsm_3) 1.06
Plasma current (MA) 0.0001
Zeff 1.3
Impurity (%) 1.0

JAERI - Experimental Fusion Reactor D#FHC. #EIMERRN R 10 BE&LEE
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E T ]
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71 ]
6 i ] 1 ] . i i i 1 ] ]

5 6 7 8 9 10 11
' One turn voltage (volt)

Fig. 3.1 The relation between one turn voltage and
Joule-heating time to make the plasma current
reach full current of 4MA.
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Fig. 3.2 Ton temperature and electron density after
10 second heating with various fueling rates
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Ip (Plasma current) (MA )

time (s) .

Fig. 3.3 Plasma current during Joule-heating

6

Ne (10'° ni3)
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Fig. 3.4 Ion temperature Ti; electron temperature Te
and electron density ng during Joule-heating
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Table 3.2 Final values after 10 second Joule-heating and

plasma parameters

Ton temperature (keV)
Electron densipy(lolgm"3)

Zeff

Impurity (%)

One turn voltage (V)

Fueling rate (d=t) (1020m~3s™1)

= N e
D
O W R e
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Table 4.1 1Initial conditions for neutral beam
injection heating

Ion temperature (keV)

Deuteron density(lolgm'a) 1.0
Triton density (lOlgm_3) f 2.0
Electron density(10!%m~3) | 4,24
Impurity (%) 1.0
Zeff 1.3
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