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How Do You Estimate the Fusion Output?

® In general fusion reactor design activities...
- Radial profiles: parabolic for both T and n
- MHD equilibrium: vacuum config. is often useed in helical reactor design
- Density: density limit scaling
- Temperature: energy confinement scaling

- Assumptions: T(p), n(p), equilibrium, ny , DL factor, t°<?lin9, H-factor, ...

® Inthe DPE method proposed here...
- Profiles and equilibrium obtained in the experiment are directly used
- Gyro-Bohm type parameter dependence is assumed
- Degree of freedom in determining profiles is largely reduced

(= high reliability)
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A New Procedure of Fusion Reactor Design
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DPE: Direct Profile Extrapolation

fy : enhancement factor of X(e.q. f; =T, cior (P) / Terg(P)s Fr = Mrcactor (P) / Neyp(P)r o = Preactor | Pesp)
From the definition: fy = f; f, f5~ > fr=ff 112 (1)

One can calculate the alpha heating power per unit volume by assuming fg, f,,, and f;

- . GB 2.4 R0.6 R0.8 pP-0.6 K0.6
Gyro-Bohm: t.°F oc a=% R%® BS PPon Independent of a and R
NTa2R /P o a24 R06 B0.8 p-0.6 0.6 _
v : confinement enhancement factor

T oc a0.4 R-0.4 BO.8 P0.4 n—0.4 9 fT =y fa/ROA fBO.8 fPO.4 fn-0.4 (2)
for=1(f,=f)

delete f; from Egs. (1) and (2) = fp =y fg2>f gt 53 f,1° (3)

Then, f, is determined so as to satisfy Independent of a and R

I:)reactor = f 3 fa/R ! f 2 j (C' P = P ) (dV/dp)exp dp Y 2o fBZ'S fa/R_1 fBS fn_l'5 I:)exp

Plasma volume X f3 Equilibrium in . _

LHD (in this study, f,r =C=Z4=1)

Volume integration of (alpha heating — i ‘:i “i ﬂhﬁlﬂﬁﬂ |ii i i ilﬂﬂ | i|ii i”ih | I
Brems.)
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Example

Inward-shifted IDB
#96164: R=360m,B=275T

o f (=f;) is determined so as to fulfill ) y

the power balance
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e f =2, f;=5andy=1.3reproduce the

profiles assumed in FFHR2m2

Plasma volume X

Heating power X f, %

Mag. Field X fg

Confinement X y /
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Mag. Field Strength Determines the Plasma Size
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® Breactor

(fgpand y are fixedto 1)

is scanned for various f,

® The minimumR, ..., IS given

as a function of B, ..,

What is this lower envelope?
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R <C. B 413

Rreactor (m)

reactor exp - reactor
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. ’ ’ -5/6 £ -1/3 B-4/3
P eacor = 12 T 1,7 | L (€ P = Py) (@Vidp),., 0p R (o) 253708

o< fa3 fa/R-l fnz fo Temp. dependence: f,X A small C,,, results in a

compact reactor
oc f 3f o1f 2 (fg f 1§ 2)X oc y25 f62.5 g 1,0 2B 2 €Eq.(3)

efaS o< ,Y-2.5 fBZ.S-X fBS-ZX fn-3.5+X P

exp

exp

f dependence disappears.../ (X =3.5) Df, ocy>6 fB'1/3 fg4/3 p 13
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C..., Is Given at a Fixed Temperature

P

Temp. dependence of DT fusion reaction rate Temp. dependence of an index X (<ov> ~ TX)
DT fusion cross-section T
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f =0.5-5.0,f =1.0,y=1.0
n B

#96164 (t=6.966S) =15 =20
ow to Ge
: f=05, fn=1.0.. O

ex g
P ¢ ..
E i : SR A
e 350} : JLeit i PETA
1 )Setfn:fBz’y:l:f: 82 g : . i
2 300f
2 ) Scan Breactor = fB Bexp: %
" [
- 250 —————
Heating power: fg3 P, 5 6 7 8 910 20
c - Il p / reactor (T)
Volume-integration: O(PO‘ —Pg’) (dV/dp)exp dp
R eactor = [(Heating power) / (Volume-integration)]*3 R, ,
3 ) The minimum of R, .10, / Breactor ? is the Co,

(Note: in some cases, f, =1 might be inadequate!)
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Cexp IS @ Good Measure of Plasma Performance

#96164 (t = 6.966 s)
frl =0.5-5.0, fﬁ= 1.0,y=1.0
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e C,,can measure the plasma performance, like the fusion triple product of nTz

reactor

® Although an inverse correlation between C,,, and nTt is recognized...
® The maximum of nTt does not necessarily correspond to the minimum of C,,,

® nTrt is given by the averaged (or, the central) values, while the whole profiles of
nandT are used to get C,,,

® C,,,thatdirectly shows the design window is a better index than nTz!!
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Seek the Minimum C_,
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® Todesign a helical DEMO reactor FFHR-d1 of (R, B, C ) ~ (14 m, 6.5T, 170),

reactor

we are now trying to get the minimum C,, in LHD (C,,, ~ 225 in the 14" cycle exp.)

exp

® How can we minimize the C,,,? =» magnetic config., high beta, high density, ...
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Magnetic Configuration is Important
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How Large Enhancement is Needed?

#96164 (t = 6.966 s)
f,=0.5-5.0,f =1.0,y=1.0
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e |f the design point is already fixed and the experimetal

result is not enough, the beta should be increased
with f3 =725 (C,,,/C

exp reactor)
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Summary

e DPE: a new method to predict the fusion out put
- Using “real” profiles and equilibrium
- Gyro-Bohm is assumed
- f, (=fg) is estimated for assumed f, f,, f5, v

® The plasma (device) size is proportional to C,, ,
-R «C B 413

reactor exp —reactor

e Seek the minimum C,,

- Coyp IS @ better index than nTr

e A new procedure of fusion reactor design
- Deductive approach is possible with DPE
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