Compact magnetic confinement
fusion: Spherical torus and
Compact torus
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Magnetic confinement fusion (MFC)

e Tokamak -> ITER, DEMO
e Stellarator

* Spherical torus (a.k.a. spherical tokamak, ST)
* Reversed field pinch (RFP)
e Compact stellarator (NCSX)

* Compact torus (CT) (mopoudansHas 2eomempus, 8 Komopoii omeepcmue mopa He
MPOHU3bIBAEMCA MPOBOOHUKAMU UAU 8aKYYMHOU Kamepoli)
e Spheromak
* Field reversed configuration (FRC)

e Additional
* Merging ST
e Screw-Pinch ST
* Magnetised target fusion (MTF)

NCSX — national compact stellarator experiment




Spherical tokamak
toroidal confinement

* Pa3HOBMAHOCTb TOKaMaKa C Ma/ibimM
acCrneKTHbIM oTHoWweHMnem (A<2) = BbITAHYTOE
ceyeHue naasmol

* Otnnume ot CT: Tokamak LATE — ybpaH
LEeHTPaNbHbIKM CONEHOMA, HO BaKyyMHas
Kamepa OCTaB/EeHA

* MarHuTHble nona (nononaanbHoe U
TOpounJasibHOe) CpaBHUMbI MO BeAUYNHE

LATE — low aspect ratio torus experiment
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Spherical tokamak. Otanyma ot cTaHAaPTHOrO

TORdAMdRKa
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Spherical tokamak. cchenosaHma

1. HenHayKUMOHHOE co3aaHmne Toka (Mano mecta Ans coneHomnaa)
e Compression and merging (START, MAST, ST-40)
* Helicity injection (NSTX)
e RF assistance (TST-2)
* NBI: manaa anbpBEHOBCKaA CKOPOCTb
e EC: 60nblian nna3meHHana 4acToTa
 LWCD, EBWCD, HHFWCD

2. [lpouecchbl nepeHoca
* [lpenmyLLecTBeHHO NEPEeHOC 3a CYET INEKTPOHOB (wunp ExB)
* MNone cnabee (knac. ToK.) = TypbYyNeHTHbIN NnepeHoc bonee ABHO BbipaXKeH

3. MAST-U, NSTX-U, Globus-2M, QUEST, Pegasus, LTX, HIT-Il, TST-2, LATE, ...

4. ST-40:A=1.6—-18,B; =15T,7=200mc, I, =400 kA




Spheromak
toroidal confinement

e OTCYTCTBYIOT TOPOUAA/IbHbIE KAaTYLLKU U 3N1EMEHTbI
BaKYYMHOM Kamepbl BHYTpPU TOpa

* ACnekTHOe OTHOWeHne A ~ 1, HO LUEHTPA/IbHAA 30HA HE
npumeHAaeTCcAa anAa ygepxaHuna rnjia3dmol

* HeT KaTylleKk TOponaanabHOro Noss, OHO CO34aeTcA TOKOM
naasmbl (HO MOTYT NCMOIb30BaTLCS BHELLHUE MArHUTbI)

* TOK NONIHOCTbIO TOPOMNAA/NIEH B LEHTPE, MOJIHOCTbIO
nosouaaneH Ha nepmdepun

*Vp=jXxXB=0 KoHdurypauma cbepomaka




Spheromak
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Field reversed configuration (FRC)

poloidal magnetic field only

* MarHuTHble nonA npenmyLlectBeHHO Co34ak0TCA

TOKOM MJ1a3Mbl
* O6beMHbIE TOKM — AMamMarHuTHble = 6onblioe

* YpaBHeHue -l He onucbiBaeT yCTOMYNBOCTb =
KMHEeTMYecKaa Teopua nam gp.

* “MNnoxasa Kpmem3sHa” = FRC He ycToMN4umMB K
6ONbLWNHCTBY MAEaNnbHbIX MOJ,

* Co3anaHune FRC:
* @ —pinch
* Spheromaks x2
* Reversed field pinch (RFP)

* TCSU, PFRC, FRX, SSX, PHD, MRX, ...

Field-reversed config.
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Fusion

ST Spheromak FRC

Scientific advantages e High beta e Force free e High beta (~1)
e Good MHD stability
e Good confinement

Scientific disadvantages e Difficulty in non-inductive e Relative low plasma performance e Relative low plasma performance
startup and current drive e Difficulty in the coexistence between good e Difficulty in realizing long life

confinement and effective current drive time for high pressure plasma
e Unclear physics in equilibrium,
stability and transport

Technological advantages e Compact e Compact e Compact
High eftective TF coils e Simply-connected vacuum vessel e Simply-connected vacuum
and no TF coils vessel and no TF coils

e Natural linear divertor
Technological disadvantages e Relative low magnetic
field at axis
e Narrow center post
Intense wall loading




Fusion development

Concept exploration

Proof-of-principle

Proof of performance and optimisation
Fusion energy development

Fusion demonstration power plant

CT
ST

tokamak

Fusion energy advisory committee (FESAC)

Figs. 2—6 of Ref. [50]).

ST: to establish the ST knowledge base to be ready to construct a low aspect-ratio fusion component testing

facility that provides high heat flux, neutron flux, and duty factor needed to inform the design of a
demonstration fusion power plant

CT: to demonstrate that a compact toroid with simply connected vessel can achieve stable, long pulse plasmas
at kilovolt temperatures, with favorable confinement scaling to proceed to a pre-burning CT plasma experiment
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10



g p * ST-40 achieved
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Fig. 5. The scaling law of ion temperature increments versus the reconnecting
field in the merging tokamak experiments (Reprint from Fig. 14 of Ref. [95].
Copyright 2015 America Institute of Physics).
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Screw-pinch ST

* OgHOCBA3HAA MarHUTHaA KoHpuUrypaumsa
* CTpyKTypa anormdHa ST

* B KauecTBe LI,EHTpafIbHOIZ Naa3mbl NCMNOJIb3YETCA
BUHTOBOWU NMNHY

PF4.2
PF4.1
PECS -

R, | GROUP B "mar=—=a=mmir}- 2

X I'l-'Z ]

B N
oFs GROUP A

14

0 l im

Anode

Spherical
torus

Divertor

PF coils -,

Screw
pinch

Cathode

R =0.4m

12



Magnetised target fusion (MTF)

* MCF: YBennyeHune gasneHumAa ->
yBe/nyeHne BpemeHu

yaeprKaHusa/ysennyeHne pasmepos

YCTaHOBKM

* |CF: cxkatne u Harpes muweHu (NIF)

MTF:

Target plasma: 50 3B, 1023 M~ 3,5 T

1. Co3aaHue naasmol
2. Cx»aTtue nnasmbl

Compressed to
thermonuclear
conditions

implosion
Plasma system
injector

Fig. 7. Schematic of MTF concept. (Courtesy of G. A. Wurden, Los Alamos
National Laboratory).

13



3aK/JIro4YeHme

ST n CT — mHoroobewatouime anbTepHaAaTUBHbIE
KOHPUrypaumn:
* CHUXKeHHaA CTOMMOCTb co3AaHWNA
* YHMKanbHble 061aCTU dU3NYECKNX NapaMeTpoB
* I3yyeHune cneymnPpumyeckmux pusnvecknx npoueccos
* lcnonb3oBaHMe Hapa6OTOK B UHbBIX TUMAX YCTAHOBOK
* MHTerpmnpoBaHme pas3anYHbIX KOHPUrypauymm




