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Status and Prospect of Nuclear Fusion Research.* Ja H. Lee, V anderbiltUniversity,
| Nashville, TN 37235 USA..-- The current status of four different approaches in
i plasma confinement and heating for nuclear fusion reactor development, namely,
i the tokamak, and magnetic mirror, the pinches and the laser-pellet systems is :
i reviewed. The recent progress toward the scientific break-even conditions is !
i assessed following the description of basic principles involved. For tokamak D-T
i fusion reactors the plasma densities of 10* m™, the beta values (ratio of plasma !
pressure to confining magnetic pressure) of over 5 percent and plasma burning
i times of the order of 100-1000sec are aimed. Large super-conducting magnets
i which furnish the ‘toroidal magnetic field are under development. The mirror
! reactors may use both thermal conversion of neutron energy and, direct MHD
power generation by the end-loss plasma. The average ion energy of 600 keV
and the beta value of 85 percent should be obtained before a usable power output :
i can be expected from the mirror reactor. The reactors based on pinches and
i Jaser-pellet schemes are pulsed and repltltlon rate of the order of 10 Hz must be !
i achieved. Attention is also called to emerging concepts in hybrid fussion-fission !
breeder reactors and worldwide cooperation in fusion research. *Supported by NASA !
Grant NSG 1235.
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TOKAMAK FUSION TEST REACTOR (TFTR)
Princeton
Cost: $238M

Apt 1978 Cemp deslgn
Kar 1982 Begin operation
Kiar 1883 Begin DT operation

Objectivas:
¢ Demoustrate fusion energy production from detterium-iritium {07} fuel.
& Study physics of kurning plasmas,
* Demonslrate engineering fealures of large DT fusion sysiems,

¥

Conficement Temperature °K Befa Ensray Gain (Q) '

Projectzd resulis: 4 x 16" 60-100 miltion 3% >1

Tokamak®| S}LIQl TFTR. 2B Prinmceton
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Cost: $54.2  Baslc device

Qct 1977 A
Apr 1978 Begin construction
Oct 1981 Begin operation

Objectives:
-t

scaling of

time with
* Siudy energy galn (Q) enhancement,
* Tesl quasi-steady-siate operation.

and size.

Confinement  Temperature °X

Bela  Encrgy Gain (Q)
107 376 million

50% 6%

Projected results:
* Establish fimiis ot Hime with i
* Establish scaling laws for mirrors,
* Provide comparison with tokamaks for reactor apptlications,

18! 4, Tandem Mirror Machine, ZEZUE|ZL]0H
Lawrence Livermare®d 74K Ratehel B
HEe.

ol vh(zdg 2).

EREFES] ) wel Zkigel Bik(Toroi-
dal) Eel=rle] BE0] FHiEs o whelA I
B el EskzntFe Joule®g 7HxIAl
el e EFebznlbe] RS T B #=
Biol BRBEImE ] Eelzvtg B4 ES 4
# BEgm Coils F3 9l vl wel4 Tokamak
Z£o] Zglavl: 7 RS Wiel K
W (poloidal flux)e} #-#8e] Fal Coilsy
ke Eln=l = BIRBIEH(Toroidal flux)e]
T WIRE] FHEHe gk (Helical) B4
el ks HEAElZ gle Aotk PLTY &
Eeh=rte] HEE 2,5008Eex o HEE

wave energy and size.

5 2

BT

10%/em?®e] o] 2el. TFTRe] Higsle EE
6,000 ES U x
Znp ol A B BEKEY ZEAEY
& A7 Felzatdl A Bk oA
o] 2 HBualelch.  o]=l jREAF o] Felx
“PHELY Wz BB a) BER T ded S
ZrHEEEo] ol Fojok & 3 Hiflolxn FEholE
b AR AR CTER YEihiEisl &
B W Belek B} o ole HEES

BEE 4X10%/cmPe 2 g
A
o
]

Aok ghel.

Tokamake] 7efie) B WE, HEE BE
10M/cm® WARARHE Bl 10086 Ll Lo 2 20054
Ukl Bk 2A22 Wekim glvh

HikEr Joule #hell k3 Eelzwmbe] InEe
BEA sobddl wal o hZe] Holx=z I
ESl InEJrEke] bEEskel. SR TFH A RF
g EBEE I EGES) R o fot T
Aol 71 WY o] w A BmAE i
T iR BESe]l ARSI glx old
PLTo] IMWLI LS shik TS HASE=E B
R )

Zul=znlE WHEHEe 2 B WS e 4

TEEME HE ol B5sA el oM
wkx] WESF G v B BESF & £
—EF Bikem o8 wHolA THE At
HLE wEEN FRE R gk

Zel=vle] HMES BES Fobdd wet T
Ltk (k3 BHEEST o ARez HE o5
3t 20mse) MYEARE-S- 100s Ll ko= Fe g
o] BAHT Aol ohd& & + glvh

R M- RGeS E Fetzeke] T
fbrh = MEz devh. B 23 %E
T @7l wlEe]  EFelzutel A mERT(ET
EE o] )Ee —#rF Melrher] mlulel o]

L
i
T
—
KN
=

ol Adre] el fZEste] EE wbEI Y&
WEe RTEe EEAA MR Estzvld

ZEAA A ol E THMTES dAR £BK

T Qoz EFHE Eold Telzels A%
B2 BHAAA KEES AR oo

& il AL s}
E A A+

Diverter: Tffidyeo] m&3 Felzvhe
S Eojue] EREERZ WHIE BiES
gk o] HEe wWhEF ke EEstxn
EEY FEEY Sl
Llle) EAMe MES fde & Agks
P70l 200f5kwo @& G B
wo TER MBS 2ch A#ELENAE
1] o] JEd SelzrMpyBpsEd FA  @e-
WIES HAsk [BFTE BEEIEC JEs

&3} Diverter-

7}=]

1
ES

3

A

L.
k.

o4

— 34 —



sy

MEES oh37] wERch

A 2 E EReEA NS BEAEMirror)
AE(2d 4) o) HRAA I F2 #E g4
ok AL o) HRA A FEBTE Fel=rt L
RE AL EES M RUHETFES &
AT R Felzrte] BESL T BHLE Fo &

B el "AIY

o] JRAAE Aligd Vot PlTE HHE
gte] #& dEAI Bhpd A Fver
stzelE Ei#E BRI ZMWMHD) BEEH
FIRste F7hx] BEHRNE ZEstz b o
TR BN HEs ol THRE 60K
H TPk 85%0] vt Wl elgh- Eet=rlsl 71A)
T A (kT 2 Fet=ntE WHstE B
Ziol 7FA = oA (8/82)9) g E3rh

o] Hell= TANDEM Mirrors} Mirror
Fusion Test Facility(MFTF)-} 19784 4 1981
Fofl H& BEY BoEoR T '

Pinche} =] o] ~/\eRe] mb& AR EEREE
Eoletx E9Aleh. ol FRAAE FlkE
ol A Hipnste M-S 2% g3 Zglzvle] I
ks FIAs zhe MR (B ps Y ns)el
Bl BEEE o Alge dosAE Ao
t}. Pinche] A= #EE7 10°°/cm® & o] 21 -N 1
EEfEe] A= 107/cmie)] o] 21 gl v}

PinchJ55{e A1 = E-pinch$} Q-pinche] 57}
Azb vk §iEE Bl E-dbe] Bel 3E2a
#Ee QM B ERRERE 71xch. Q-pinch
Jix e 2 Syllacelgle & #Es} Los Alamos
o FEE HEE Fou TRERS IRS
- ol HEE =z gokth

E-pinch® 713 HEY RE=ZA BEHH
(Capacitor Bank)e] BEAIAE 224 HE
BAboldl g REBE @l mEmez HE
A7l Aelvh. B EHEE(Rise time)o]
grod s REEEEY 2=+ B A
o Bkl HIEfEHC ksl BR# Pinch
BRI vERA FREE O ERES) EER B
fislz wmiREEY Fgtzebs EEY @ik
HREer. o] E-pinche] Bsle Ao A =
glzrl R (Plasma Focus) B - 99 25k]

¥ BATWRS RRL BE—
89 e Apoez 10958 BEES Wt $L&
BEE ¥oli ¢ th(Tokamak: 1,000kwe)
REERITFHAS  $dE stz 10%/s9] B
A% BRIL D). TAd Fehast
BEY Bge YT 4 B0 0lem® s}
e FEREA/s)d g KT BiEE
T WSl BAA wY. S8t BUER
E 7Exlz 9= Hypocycloidal Pinchye o] #
Bhe fplshy] A8 RMEW B4 55 pinch
o WEP BES REAYE BERA 229
FAZEe] wiell Xl glel. o] #EEd HelAE

BRI BAT EE SACE D@L 3)

ool A NERS BREHRL S BTl IAfF
Hol o HEBRES wEe] w34 EEe ek
EIRE F el AL ' HEd A BER iR
EE NERERE B EEpEel wleA

AR F WHeshe] 788 Sel=nl JetE nbEA

ek DAY HES o] Fg=nt JetE: uk
A ek NERRESY HES o] Fet=rt Jet
Y REE whol EfEd 2w ATHES 3
gehe A3k 2L FHEooh BE 100TWLL R
o #HolAE AA IIRAHA Yo BEAES =
Bk RERAEST BBREEY —BE/1 I5
5 Bttt BEol WL HiTH Yok

L4 {FHE] #A1FE Shival 10kJ9 oy

2| 900pse]] Hesfst= H77 10TWr d= Nd-
doped-glassgl o] Aol 7 ¥HE-L 1.06pme] ).

o #lolAE 20709 Yo g el EEHQl /b
HOERY m)E BESHA ek NERAC #
BRELR B BEAE =EAERAFE
b BESY —o Bz Bl Ehs
+ 22l Aol olx] HEHZ Y. e
o] A —/ERe] HEEo R BEAES BT F
Qb FEEM S SERE wESRbY —HE Joule
Lk BEE /1= geiR@2im)e] ¥ o]

A 7F FEEE ook & & ohzgl o] dHlojAE o
FIEEEZ U] 10%k0]F o)A 2 = ook 3
oh A 24 A3 90 Nd-doped-glass =] ¢] &

T onE BEERE oo ohRe] BuEehel K
T 5 Gt EfEelelA olrz BEEY Wk
£ BEeR 234 kY Aol E 4 ¢

— 35 —



—3H| 5 % ISKSE &&=

I BES HEER s Bhaie] MEe e
e “X-# o] 477 Yelvokk gy R
L abE Q& Aoleh ey K =]
A= BEEEEA A EEESL 917 @2l
EES v E EEEAA ELXSE KEE stz ¢
o} 197944 EH BEE A #9 9, 3005 5ke]
#H ol AfEE BEHEdE HEAET R A
e A g e (R 2).

BrEma R e dlolA REyor BTFHER
o]} o] LS 2% AE HERd du o]
WS 2y FEL JBY REY BER AL
2 B A YEHIEAA HEHsE InEE) 2

& BEER BrHY o]&& 10GeV DEkow in
E/‘]?ﬂ BAE ZEAREY BEAET Sdldwe
NERE BHElRlE Acolth.  Brookhavens}

Argonne®] %@iﬂﬂ%ﬁﬁﬂ] A A ERRED
gesl F@atsh HT Rl e HbeozA BEE
4 45RE Fﬁﬂ‘ﬁ%ﬁ Bage AR HRe] Bl
#AA BFAE SRR BEE T Boler
Aoy BEEEA A £HR EHES Lot
37 YAAE £ FRol Wz = BEER
s B WREEY RES HEE Bl $£ A
o]k E3L I HRE BAE Aol F3 v
At S-S KA KIEHRE Aot o HE X
o Fx gv}h. Tokamake H7E BMCEAAHE 10°
9] EhERIEZSS Bolx glont HEEELA “BIE
B WeiatEasre) o] 28& wol vehd KIER
3.6%x10% FEEH P x 3.6X10°ES g
Z31q E(Scaling)e ok At Aoz Ay
A gdek BEALMirrors)E 10°9]
o] gleyok #Fm Theta Pinch® 10°¢] [ ko]
Magnetic Fusion Energy Program

FFunding Request- FY 1979
(Dollars in Millions)

FY1978 FY1979 Change

B/A " B/A Dollar %
Confinement Systems 120.4 152.9 +32.5 +27
.Develop. & Technology 54.1 61.5 -+ 7.4 -+14
Applied Plasma Physics 50.9 57.5 + 6.6 -+13
Reactor Projects 100.0 62.1 —37.9 —38
Total Program 325.4 334.0 + 8.6 -+ 3

F 1. EEUUXIH0| MEEE 1979FF2] B BR
& BE,

Percent of
Core Program FY78 FY79 FY79 Budget
Livermore
Drivers $8.3 $5.3
Pellet Design and 40
Fabrication 11.6 14.2 .
Experiments 16.1 17.7
Los Alamos
Drives 18.2 8.0
Pellet Design and 21
Fabrication 4.1 4.1
Experiments 8.4 7.2
Sandia
Drivers 4.2 2.7
Pellet Design and 8
Fabrication 1.2 1.2
xperiments 2.9 3.8
KMSF, NRL, Other 13.0 12.5 14
Advanced Lasers 9.5 9.1 10
Systems Studies 3.6 2.6 3
Heavy Ion Development 2.9 3.5 4
Long Lead Technology 0.3 0.4 (<D
$98.3$92.8 10025
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3 3. Performances of Nuclear Fusion Research Devices Break-even
Devices | Density | poRfine'| T | Volume | BD DD Reac/D T Reac] Reaction [Necessar-
n, cm™ |z, sec T, KeV| V, cm® | per pulse] R®, cm™® | RT,cm™® | RE, cm™?
sec™! sec™* sec™t
Tokamak| 5x 10 951073 1 10° 10% 10° 108 3.6X10%1 3.6<10°
PLT 1pulse/10s
(30M $)
Mirrors 10t 101073 | 10 104 3Ix10¢ 3108 I X107 3.6X10% 10&
DCXIIB Ipulse/s
(I0M $)
Theta 10 101078 1 10t 108 10t 10 10°
Pinch
Scyllac Ipulse/s per pulsejper pulse
30M $) '
Plasma |. 10w 0.1x10°¢| 8 1 10t% . 10 3X107 IX10*
Focus
DFP 10pulse/s per/pilse |per pulse
(aMs) C ‘
Laser- 100 | 5 - (10zmg) 3X10° | 4x10% 108
Pellet
Ipulse |per pellet
/day
(20M $)
Electron 2.0X107% 0.7 (10pme) 10¢ 4X10% | 410w
Beam )
Pellet : 10pulse/s|per pellet
(M $)
Jon Beam (10%x10™ (Immg)
Pellet
G30M$)

DENSE PLASMA FCCUS BREEDER

J Thorium .
+ POWER Lithium POWER
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