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Power Balance in Fusion Plasmas

Problem: (80 points) Consider a DT plasma with n, = 102 /m?3,

kT, = kT; = kT = 10keV, o's build-up concentration 7, £ ng/n. = 0.2, and
impurity concentration 1 = ny/n. = 0.01 with atomic number Z; = 6. Radiation
losses by Bremsstrahlung must be considered. Give both analytical expressions
and numerical values for:

(a) (1045 points) The fuel fraction rpr = np7/ne, assuming np = ny = npr.
(b) (10410 points) The necessary auxiliary power to achieve Q = 2.

(c) (25420 points) The necessary energy confinement time 7g to achieve
steady-state operation.

NOTE: No credit will be given to numerical values if analytical expressions are
wrong. Remember that E, = 3.5MeV and 1leV = 1.602 x 10~'°.J. Use

3
C=5x10"%7 kVEVV’?/z as Bremsstrahlung power constant.
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Power Balance in Fusion Plasmas

. A . A
(a) The fuel fraction rpr = npr/ne, assuming np = ny = npr.
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Power Balance in Fusion Plasmas

. A . A
(a) The fuel fraction rpr = npr/ne, assuming np = ny = npr.

Quasi-neutrality condition:

ne = Ny
ne = npZp+npZr+nela+nrZy
Ne = np-+nr+2n,+ 2y

Ne = Np+nr+2rone + Zrrme
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Power Balance in Fusion Plasmas

. A . A
(a) The fuel fraction rpr = npr/ne, assuming np = ny = npr.

Quasi-neutrality condition:

Ne = 1Ny
Ne = npZp+nrZr+nele+nrZy
Ne = np-+nr+2n,+ 2y

Ne = Np+nr+2rone + Zrrme

. A
Assuming np = nr = npr,

Ne = 2npr 4 2rane + Zrme
npr = %(1—27",1—217"1)%
Therefore,
ror = "2~ L on,  zpey) = 027 (1)

ne 2
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Power Balance in Fusion Plasmas

(b) The necessary auxiliary power to achieve Q) = 2.
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Power Balance in Fusion Plasmas

(b) The necessary auxiliary power to achieve Q) = 2.

Reactor gain:

DT
P 5P, 5P, 5
f @ @
- = Pauac - == _Pa
O e T o 2
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Power Balance in Fusion Plasmas

(b) The necessary auxiliary power to achieve Q) = 2.

Reactor gain:

f « «
Q - 5 = = Paum - - Pa
1 aux I aux Q 2

Alpha power:
P, = npnr(ov)prE,

= nQDT<0v>DTEa
= 2 (1—2rq— Zir1)? (ov) prEq (2)
Therefore,

P, = 4.4554><104K (3)
mS

5 w
Ppuz = §Pa =1.1138 x 105@ (4)
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Power Balance in Fusion Plasmas

(c) The necessary energy confinement time 7 to achieve steady-state operation.
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Power Balance in Fusion Plasmas

(c) The necessary energy confinement time 7 to achieve steady-state operation.

Steady-state power balance:
Paum + Pa - PL + Pb
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Power Balance in Fusion Plasmas

(c) The necessary energy confinement time 7 to achieve steady-state operation.
Steady-state power balance:
Paum + Pa - PL + Pb
Since
%nkT

TE

P =

we can write
PL:Paum'i_Pa_Pb

and then
%nkT
"7 Pawe + Pa — Dy
%nkT
5P+ Pa— B
%nkT

TE — 5 O
§Pa_Pb
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Power Balance in Fusion Plasmas

Bremsstrahlung power:
Pb = an\/fzeff
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Power Balance in Fusion Plasmas

Bremsstrahlung power:
Pb = anﬁzef'f‘
Effective atomic number:
nf’,o’”’ Z/zjon 2
Zr = 3 %ﬂ
j e
npZy +nrZi +naZ: +ngZ?
Te
np +nr n 4n, + Z%nl
Te Tle
= 2rpr+dra + Zr;

By using (1),
Zepr = (1 —=2rq—Ziry) +4rq + Z2r;
1+ 2ra+Z; (Zr — 1)1y (5)
Therefore,
Zepr = 1.7 (6)
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Power Balance in Fusion Plasmas

Bremsstrahlung power (we use (5)):
Pb:Cn§\/TZeff:C'nix/T[1+2ra+Z[ (Z[—].)T]] (7)

Therefore, -
Py = 2.6879 x 10* — (8)
m
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Power Balance in Fusion Plasmas

The ion density is given by

71/Z — § 7}/:[]/'() n
J

= Np+nr+ng+ng

2npr + roafNe + rine

(1 =2rq — Zrrr)ne + rone + rne
= (1=ra—(Zr = Dro)ne (9)

Therefore, the total density is given by

n=ne+n, = ne+(1—rq—(Zr—Drr)n.
= (2=ra—(Z1 = Dr)ne (10)
= 1.75n,

1.75 x 10*°/m?
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Power Balance in Fusion Plasmas

By using (2), (7), and (10), finally we can write

%nk;T

e = Pauz+Pa_Pb

%((2 — 1o — (Zr = Dr)ne)KT
%%ﬁ (]. —2rq — 2y 2 <(7’U>DTEQ — C’nz\/T[l +2ro + Z; (Z] - 1) T[]

~—

Therefore,
TR = 3.2584s (11)
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