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Nuclear Fusion Reactor Design

Problem: A conceptual tokamak design has major radius R = 3m, minor radius
a = 1lm, toroidal magnetic at major radius B;(R) = 5T, and profile factor f, = 2.
Assume a purely hidrogenic (no impurities, negligible @ population) DT plasma
with 50 — 50 DT mixture (np = ny = npr), T £ T, =T. = 10keV. The energy
confinement scaling is given by Alcator scaling

netr(m™3s) = 6 x 107 2'n2a?.

Stability considerations require g(a) = 3. Performance considerations require

steady-state operation at () = 5 (radiation losses are negligible). Complete the
table below. Show your work!

A[n(10%°m=3) | rg(sec) | Ip(MA) | B(%) | Bp(T) | Pr(MW/m3) | PLLY(MW) | Ln (MW /m?)

NOTE: Remember that < ov >}30§FV: 1.09 x 10*22"’73, Lo = 47r10’7%,

E, =3.5MeV, Ef = 17.6MeV, and leV = 1.602 x 1071°J. T = 22,

2 2
_ m“kg _ Tm _ mkg
H = c A’Jﬁ 52
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The aspect ration can be computed as
R
A=—=3. (1)

The safety factor at the minor radius can be written as

1 By(R)

q(a) = By(a)’ )
from where we can compute
By(a) = ;it((j? = 0.5556T. (3)
Since
By(a) = e, (4)
we can compute
= 2maBy(a) _ o 7r7snra. (5)

o
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The quasi-stationary condition is given by
Ne = Np + nr. (6)
Since np = nr, we can write
np =Ny = ne/2. @)
Moreover, since n; = np + np, we can write the total plasma density as
N="Ne¢+MN; =Ne+Np+ N7 ="nNe+Ne = 2n,. (8)

The power balance is given by

Pa+Paum:PLv (9)
where 5
P, =npnr <ov>KV E f, = % <ov>PrV B, f,, (10)
P P,
Paux:_f:5_a (11)
Q Q
3
snkT  3n kT
p, = 2 ONel (12)
TE TE
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Therefore, we can state the power balance as

n2 . 5 3n kT
f<au>}%VEaf,, <1+§>=:—E. (13)
From the Alcator scaling we can write
T5(m™3s) = 6 x 107 *'na?, (14)
which allows us to rewrite the power balance as
2
n 10keV 5\ 3kT
F oo B B (14 ) = e (19)

and solve for the electron density

12kT

= 1.1448 x 10%°m =3, (16)
6 x 10~21a? < ov >WEV E, f, <1 + %)

Ne =

which in turn yields
n = 2n, = 2.2896 x 102°m 3, (17)

Prof. Eugenio Schuster ME 362 - Nuclear Fusion and Radiation Fall 2024



Nuclear Fusion Reactor Design

From (14) we can compute
Te(m ™ 3s) = 6 x 107 **n.a* = 0.6869s. (18)
We can compute [ as

nkT 2n.kT
p=8= BZ(R)1B2(a)  Bi(R)+B2(a) 0.0364, (19)

Ho Ho

and the fusion power density as

2 y
n 10keV MwW

Pr= 7 <ov>PrY Bpf, = 20130 (20)
Knowing the geometry of the reactor we can finally compute
Pt = P;V = Py(ra®)(2nR) = 119.26 MW, (21)
and tot 4 tot 4
ptotd ptot= MW
f 5 f 5
L, — - = 0.8067—-, 22
S (2ma)(27R) m? .

where Plpt = Pt = 1Pt = 9541 MW .
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Summarizing:

A|n(102°m=3) | 1 (sec) | I,(MA) | B(%) | Bp(T)| Pr(MW/m3) | Pt (MW) | Ln (MW/m?)

3 2.2896 0.6869 | 2.7778 |0.0364 |0.5556

2.0139 95.41 0.8067
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